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Physical Layer of W-CDMA and HSDPA
ELECTRONICS

UMTS Architecture

CN (Core
Network)

UTRAN (UMTS
Terrestrial Radio
Access Network)

Circuit Switched
Network (PSTN,...)

Packet Switched
Network (Internet,...)

UE : User Equipment
RNC : Radio Network Controller

MSC : Mobile Switching Center
GMSC : Gateway MSC

VLR : Visitor Location Register

HLR : Home Location Register

SGSN : Serving GPRS Support Node
GGSN : Gateway GPRS Support Node
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ELECTRONICS

Elements of UM TS Architecture (1)
« UE

— ME(mobile equipment) : radio terminal used for communication
over radio interface

— USIM(UMTS subscriber identity module)
 NodeB
— conversion the data flow between UE and RNC
— mainly, physical layer functions
« RNC
— access point for all servicesthat UTRAN provides to the CN
— Controlling RNC, serving RNC, drift RNC

— functions of physical layer aswell as higher layers if macro-
diversity applies for soft handover

— functions of higher layers if no macro-diversity applies
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ELECTRONICS

Elements of UM TS Architecture (2)

e MSC : switch used for CS transactions
e VLR

— database that holds a copy of the visiting user’s service profile for
CS services

e HLR

— database located in the user’ s home system that stores the master
copy of the user’s service profile

e GMSC

— switch at the point where UM TS is connected to external CS
networks

o SGSN : switch (similar to MSC) and database (ssmilar to VLR) for
PS services

« GGSN : gateway for PS services
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Network Layer (Layer 3)

Control Plane
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Sublayersand SAPsof Layer 3 (1)

* NAS(non-access stratum)

— protocols between UE and the core network that are not
terminated in the UTRAN

— CC(call control), MM(mobility management), SM S(short message
service), SS(supplementary service), ...

e Duplication avoidance
— terminates in the CN but is part of the access stratum
 RRC(radio resource control)
— existsin the control plane only
— Interfaces with layer 2 and terminates in the UTRAN
— signaling of layer 3 between the UEs and UTRAN
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Sublayersand SAPsof Layer 3 (2)

 RRC(radio resource control) (Cont.)

— broadcast of NAS and access stratum information, establishment,
re-establishment, maintenance, and release of an RRC connection,
establishment, reconfiguration, and release of radio bearers, RRC
connection mobility functions, paging/notification, UE
measurement reporting and control of the reporting, ...

« SAPs
— GC(general control) : information broadcast service
— Nt(notification) : paging/notification broadcast service

— DC(dedicated control) : services for establishment/release of a
connection and transfer of messages using this connection
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DataLink Layer (Layer 2)
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Sublayersof Layer 2 (1)

« PDCP(packet data convergence protocol)
— existsin the user plane only

— transmission and reception of network PDUs in acknowledged,
unacknowledged, and transparent mode

— TCP/IP header compression/decompression
e BMC(broadcast/multicast control)
— existsin the user plane only
— broadcast/multicast transmission service for common user data
— storage, scheduling, and transmission of BMC messages
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ELECTRONICS

Sublayersof Layer 2 (2)

e RLC(radio link control)
— trangparent, unacknowledged and acknowledged datatransfer

— segmentation/reassembly, concatenation, padding, transfer of user
data, error correction, in-sequence delivery of higher layer PDUS,
duplicate detection, flow control, ciphering, ...

 MAC(medium access control)
— unacknowledged data transfer

— mapping between logical channels and transport channels,
selection of appropriate transport format, priority handling,
Identification of UES on common transport channels,
multiplexing/demultiplexing of higher layer PDUs, traffic volume
monitoring, ciphering, ASC selection, ...
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Physical Layer (Layer 1)

BCH PCH

\ //’
\\\ '///
SCH, CPICH P—CCPCI—\I\F/ sccpch\r/ PRAC

e Information transfer servicesto MAC and higher layers

e Macro-diversity distribution/combining, soft handover execution,
FEC encoding/decoding and interleaving/deinterleaving of transport
channels, multiplexing of transport channels and demultiplexing of
coded composite transport channels (CCTrCHSs), rate matching,
mapping of CCTrCHs on physical channels,
modul ation/demodul ation and spreading/ despreading of physical
channels, closed |oop power contral, ...
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ELECTRONICS

Classification of Channels (1)

« Logica channel defined by the type of information transferred

— Information stream dedicated to the transfer of a specific type of
Information over the radio interface

e Transport channel(TrCH)

— channel offered by the physical layer to Layer 2 for data transport
between peer L1 entities

— classification of how and with which characteristics data are
transferred on the physical layer

e Physical channel(PhCH)
— defined by code, frequency, and relative phase(in the uplink)

— required to support variable bit rate TrCHs to offer bandwidth-on-
demand services and to be able to multiplex several servicesto
one connection
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Classification of Channels (2)

Tr-SAP. AM-SAP UM-SAP

} ya ¥ : al RLC

N
N

TTE RTE AME TUE RUE

Logical Channels

BCC - control, traffic

MAC-

Transport Channels
- common, dedicated

PHY

BCH PCH

- PHYE
N/

SCH, cmﬁé P—CCPCFI\F/ S—CCPCF!T/ PRAC ScC DPDC Cl C
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ELECTRONICS

L ogical Channels
* Control channels(CCHSs) to transfer control plane information
— BCCH(broadcast CCH) for broadcasting information
— PCCH(paging CCH) for paging information
— DCCH(dedicated CCH) for dedicated control information
» point-to-point bidirectional channel

— CCCH(common CCH) for common control information
» channel mapped onto RACH/FACH transport channels

o Traffic channels(TCHSs) to transfer user plane information
— DTCH(dedicated TCH) for user information
» point-to-point bidirectional channel
— CTCH(common TCH) for dedicated user information to all or a
group of specified UES
» point-to-multipoint unidirectional channel
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ELECTRONICS

Transport Channels

e Dedicated channels reserved for a specific UE only

— DCH(dedicated CH) for user information including data for the
actual service aswell as higher layer control information

e Common (and shared) channels not dedicated to a specific UE
— BCH(broadcast CH) for the information specific to the UTRAN

— FACH(forward access CH) for control information to UEs known
to locate in the given cell

— PCH(paging CH) for data relevant to the paging procedure

— DSCH(downlink shared CH) for dedicated user data and/or
control information : channel shared by several UEs

— RACH(random access CH) for control information from UE
— CPCH(common packet CH) for packet-based user data : channel
shared in atime division manner by several UES
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Terminology about Transport Channels (1)

Transport
Block Set

- TrBk N

TrCH 1 TrCH 2 TrBk
TrBk TrBk TrBk TrBk TrBk
TrBk TrBk TrBk TrBk TrBk TrBk TrBk | | TrBk

NP ‘

TTI > s —r T >+—r——

- R
o |

e Trangport block(TrBk) or MAC PDU
— basic data unit exchanged between L1 and MAC
e Trangport block set or MAC PDU set

— set of transport blocks exchanged between L1 and MAC at the
same time instance using the same transport channel

e Transmission timeinterval(TTI)
— Inter-arrival time of transport block sets
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Terminology about Transport Channels (2)

o Transport format(TF)

— format offered by L1 to MAC (and vice versa) for the delivery of
atransport block set duringaTTl onaTrCH

— dynamic part : transport block size, transport block set size

— semi-static part : TTI, error protection scheme to apply, size of
CRC

o Transport format set(TFS)
— set of transport formats associated to a TrCH

Variablebit rateon a TrCH may be achieved by chanaging
between each TTI1 oneof thetransport block size and
both the transport block size and the transport block set size.
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ELECTRONICS

Terminology about Transport Channels (3)

Transport format combination(TFC)

— combination of currently valid transport formats that can be
submitted simultaneoudly to L1 for transmission on a CCTrCH of
an UE

Transport format combination set(TFCYS)

— set of transport format combinations on a CCTrCH
Transport format indicator(TFI)

— label for a specific transport format withina TFS
Transport format combination indicator(TFCI)

— representation of the current transport format combination

— alowsthe receiver to perform TFCI based detection

If TFCI isnot used, thereceiver must perform explicit blind
detection or quided detection.
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TFI and TFCI

TrCH 1 TrBk TrCH 2 | TrBk
TFI TrBk TFI TrBk
Higher Layers
Physical Layer
v
TFCI (padding)
4"'——— i /Spl\i t\MOdQ Codl ng and
(32,10) Multiplexin
Punctured RM (|156'5)§M (|156’5)§M preding
Encoder ncoder ncoder
\J
Physical Control Channel Physical Data Channel
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Frame Structure

* Radio frame: 15 dlots, 38400 chips
o Slot: 0.667mstime slot, 2560 chips

- Teot = Y
0.667ms

3 - -

- Tt =10ms

Frame N-1

Slide 23



Physical Layer of W-CDMA and HSDPA

Spreading Procedure

channelization scrambling
code code

bit rate chip rate chip rate

« Channelization (or spreading) code : OV SF code
— separates transmissions from a single source
— transforms every data into a number of chips
— Increases the bandwidth of the signal

o Scrambling code : Gold code, Extended S(2) code

— separates transmissions from different sources

— applied to the spread signal
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OV SF(Orthogonal Variable Spreading Factor) Code

Cch,1,0

SF=1

11111111

1111 Cch,8,0
Cen.a,0 1111-1-1-1-1
11 Cch,s,1
Cen2.0 11-1-111-1-1
1 1-1-1 Cch,8,2
Cena1 11-1-1-1-111
Cch,8,3
1-11-11-11-1
1 -1 1-1 Cch,8,4
Cena,2 1-11-1-11-11
1-1 Cch,8,5
Cen.21 1-1-111-1-11
1 -1-11 Cch,8,6
Cenas 1-1-11-111-1
Cch,8,7
SF=2 SF=4 SF=8
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Gold Code

» Seguences with good periodic cross-correlation

(For asynchronous CDMA, alarge set of sequences that have small
cross-correlation is required.)

» Preferred-pair of m-sequences with identical period

— b : m-sequence of length N=2"-1, b’ = b[q] : sequence obtained by
sampling every gth symbol of b

» N0 mod 4 (n : odd or n=2 mod 4)
» g : odd and either g=2%+1 or g=2%-2k+1
» gcd(n,k) = 1 for nodd, 2 for n=2 mod 4
e Set of Gold code={b,b’,b®b’ b®T-b' b&T2b,...,b&T-N-Dp'},
T-b' : aleft cyclic shift of b’
e Cross-correlation values = -t(n)/N, -1/N, (t(n)-2)/N
t(n) = 1+2050*1) for n odd, 1+20°("+2) for n even
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Downlink Scrambling Codes
» Each cell uses adifferent scrambling code.

e For 0<n< 2182 the nth scrambling code uses a 10ms segment of the
nth Gold sequence.

« nth Gold sequence
— z,(1) = (x((i+n) mod (218-1)) + y(i)) mod 2, i=0,1,..., 218-2
X(1), y(i) : ith symbol in two binary m-sequences
— Initial conditions
» X(0)=1, x(1)=...=x(17)=0, y(0)=y(1)=...=y(17)=1
— real valued sequences
»Z (1) =-2z (i) +1
» nth complex scrambling sequence
— Sqn() =Z,(0) +jZ,((i+2*") mod (2'8-1)), i=0,1,...,38399
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Downlink Scrambling Code Generator

* nth complex scrambling sequence Sy , = 1+]Q
| and Q depend on a scrambling number n.

E%i_.@_.
- |

| ¥ 3

B
mg *@2

&2
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Downlink Scrambling Code

o Complex combination of two 38400-chip (10 ms) segments of a
length 218-1 real Gold code, repeated each frame

« The dtart of the sequence istime aligned to the beginning of the P-
CCPCH frame for all channels.

e Primary codes
— Used for P-CCPCH, P-CPICH, dl ICHs, S-CCPCH carrying PCH
— May be used for other channels
— Divided into 64 groups to reduce the cell searching time

— The S SCH encodes the group number from which the cell
primary code is taken using comma-free RS code.

e Secondary codes
— 15 secondary codes are associated with each primary code.

— May be used for any channel not specifically assigned to the
primary codes above
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Scrambling Code Group

512 |eft alternative 512 right alternative unused
scrambling code sets scrambling code sets codes

n=0 1 15 8176 8191 24560 24575

512 scrambling code sets

511

8192 8207 16368 —163R3 24576 262142
—
0 16 32 48 64 80 96 112 128 240 7936 8058 8074 8176
1st scrambling code group 2nd scrambling 63rd scrambling 64th scrambling code group
code group code group
— primary scrambling code I —» secondary scrambling code
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Downlink Spreading

I
)
S »@—l an
Any downlink + I+HQ +
physical channel —m —> CensFm, ®_’®_"®_’
except HCH A
I
P | deg ] o
]
]
I >
sPP ] = 2
: _ T
Ay downlink I+ + P-3CH { : - —
physical channel —m —> C kS F, s ®£P®—’®—’ - i Z
except 3CH i !
P i Q G2| Gp
T S-SCH —w (3
] i

Cep2560 fOr P-CPICH !
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Downlink M odulation

cosat)

Re{lT} |Pulse- ¢
Complex-valued Split " | shaping " ®

chip sequence T |real &
from summing imag.

i Im{T} | Pulse- : "
operations arts - -
e e " shaping

« QPSK, 16-QAM

e Pulse-shaping filter
— root-raised cosine(RRC) filter with roll-off a=0.22

IITL(I—E}J+4EETLCD{TETL|:1+&:IJ

sin[
RCD I:fj — C C C

£l

1
chiprate

T =

=

= 026042 ps
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Downlink Physical Channels (DL PhCHYs)

DPCH(dedicated physical channel)

— DPDCH(dedicated physical data channel)

— DPCCH(dedicated physical control channel)

e PDSCH(physical downlink shared channel)

o P-CCPCH(primary common control physical channel)
o S-CCPCH(secondary common control physical channel)
o P-CPICH(primary common pilot channel)

o S-CPICH(secondary common pilot channel)

o P-SCH(primary synchronization channel)

o S-SCH(secondary synchronization channel)

e |CHSs(indicator channels)

— AICH(acquisition ICH), PICH(paging ICH), AP-AICH (CPCH
access preamble AICH), CD/CA-ICH(CPCH collision
detection/channel assignment ICH), CSICH(CPCH status ICH)
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ELECTRONICE

—  Structure of
____________ - DL PhCHs(1)

Pilot

Npilot bits

256 chips

Tsot = 0.667ms, 2560 chips

e emmmm—==m——=====———"
TFCI
Nrtrel bits

DPCCH for CPCH
Layer 1
T

¥

S
> P
P

TPC TFCI CcC Pilot
Nree (2) bits Nreei (0) bits Necce (4) bits Npilot (4) bits

Tsot = 0.667ms, 2560 chips = 10 bits
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ELECTRONICE

PICH

Layer 1
1

b2s7 | boss | ... bzggi

288 hits

12 bits

10 ms

(Txoff)

AICH
Layer 1
]

a | a | &

asL Tx Off

Al part = 4096 chips, 32 real valued symbols:

<—1024 chips—

Tacoas_sot =
AP-AICH
Layer 1
[]

v

a | a | &

asL Tx Off

<«——API part = 4096 chips, 32 real valued symbols

<—1024 chips—

Tacces_slct =
CD/CA-ICH
Layer 1
1

¥

a | a | @

aso

a1 Tx Off

CDI/CAI part = 4096 chips, 32 real valued symbols———»<+—1024 chips—»

Taccss_dot =

1.333ms CSICH
Layer 1
T
¥
Tx Off bs | ... |bsi+7
4096 chips S| part—»
Tm_éot =
1.333ms

Spreading and Scrambling

Structure of
DL PhCHs(2)

Pulse shaping
RRC filter
(roll-off=0.22)

N

Tx freq. range
1930~1990
MHz
2110~2170
MHz
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e Structure of
DL PhCHs (3)

(DA |CDFRCD A (DA | (DA [CDUACD Al (DA | (DA (A

Tsa = 0.667ms, 2560 chips = 20 bits = 10
symbols

a=0:antennal

a=1:antenna2
P . S-CPICH
i =0~14: dot number Layer 1

A=14

(DA (DA DA (DA | (DA [CDACDA] (DA | (DA (DA

Tso = 0.667ms, 2560 chips = 20 bits = 10
symbols

P-SCH
- &

“chips™ 1
256 Chip Generalized

al..|a|0}..|/0|0|..i0]0}..|/0{0}..|0/0]..10|0}..|0{0}...|0|0}...|0|0!..i0 i Hierarchica Golay @ "‘
P Sequence Generator S
so = 0.667ms, 2560 = Cper

chips
() () =

a=+1if P-CCPCH STTD encoded
a=-1if P-CCPCH not STTD encoded

S-SCH
256 Layer 1
256 Chip

~chips
" Generalized
a|..|aloi..|olo]..i0lol..[0oi0l..|0|0l...i0|0|..|0i0f..|0|0l..|0]0}..[0 Hierarchical
Golay
= Sequence
sot = 0.667ms, 2560 Cenerator

chips 3 ki=Csck
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Timing Relationship among DL PhCHs

psed || ETTTDTTLT T
ssci | [ LI FTTITT]
P-CCPCH, (SFNmod 2)=0 | P-CCPCH, (SFN mod 2)=1

P

Tscorcrik kth S-CCPCH
TrPicH=7680chips ‘
PICH for kth S CCPCH
AICH
Accoss | HO | #1|#2| #3 | #4 | #5 | #6 | #7 | #3 | #9 [H10#11#12#13#14
%o e O O O O B
Any PDSCH
<> nth DPCH
TDPCH,n

!
<+«—10ms—»
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Initial Cell Search
» Slot synchronization based on P-SCH

— Acquire atiming reference using two matched filters.

* Frame synchronization and scrambling code group identification
based on S-SCH

— Read a pattern using correlators and an RS decoder.
— ldentify a scrambling code group from the pattern.
« Scrambling code identification based on CPICH

— Find a primary scrambling code from the identified group using
correlators.

* Freguency acquisition based on CPICH
e Cdl identification based on P-CCPCH
— Read the broadcast information.

Target cell search does not need the last two steps.
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Cell Search

MHMHHHHHHHHHHHHHHHHHHHHHHHHHH

radio frame, 6th group

vlefolalale] lrle]e]

Ezale- || 1] |
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Coding and Multiplexing

TrCH #i
TrBk 1st
J CRC Concatenation/ | | Channel || Rate Insertion 1st Radio Frame
| Attachment Code Block Coding Matching of DTX Interleaving Segmentation
segmentation Indication
TrCH #(i+1)
TrBk 1st
CRC Concatenation/ | | Channel N Rate Insertion 1st Radio Frame
| Attachment Code Block Coding Matching of DTX Interleaving Segmentation
segmentation Indication
T )
C.CCTrcH. PhCH #1
2nd Physica Physical
TrCH Insertion Y 2nd Y PhCH #2
. . . Channel > . Chand ——
¢ | Multiplexing of DTX . Interleaving .
Indication Segmentation Mapping :
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Uplink Physical Channels

e Coding and Multiplexing

» Spreading and Modulation
o Uplink Physical Channels

74
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Uplink Scrambling Codes

e 224|ong and 224 short scrambling codes assigned by higher layers
e Long scrambling codes

— used in general

— Gold codes
» Short scrambling codes

— used to cancel out the power from all other mobiles at the cell
(joint or multiuser detection)

— extended S(2) codes
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L ong Scrambling Codes

 nth Gold sequence, 0 < n=n,,...n, < 2%4-1
— z,(i) = x,(1) + y(i) mod 2, i=0,1,..., 2%>-2
X.(1), y(i) : ith symbol in two binary m-sequences
— Initial conditions
» X (0)=n,,...,.X(23)=N,3,X,(24)=1, y(0)=y(1)=...=y(24)=1
— real valued sequences
> Clong,l,n(i) = Zn(i) = 'Zzn(i) +1
» Ciong2n(i) = Z,((i + 16777232) mod (2%>-1))
 nth complex long scrambling sequence, 0 < n=n,,...n, < 2%4-1
- Clong,n(i) = Clong,l,n(i)(1+j ('1)iclong,2,n(2|~i/2J))1 1=0,1,..., 2%-2

Slide 44



Physical Layer of W-CDMA and HSDPA

ELECTRONICS

L ong Scrambling Sequence Generator

|l —
L | Clong,1,n
OoOoOOMOOOOOOO0OOOsoOn DDQ—#@—»
TMSB TLBB
|$|-|—
11 B
iDDDDDD

‘l Ill:fl-::ung,,z,,n
TEIIZIIZIEIIZIEIIZII:IIZIEI IZIT - |
&
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Extended Quaternary §(2) Codes

 nth quaternary §(2) sequence, 0 < n=n,,...n, < 224-1
— z (1) = ai) + 2b(i) + 2d(i) mod 4, i=0,1,..., 28-2
a(i), b(i), d(i) : ith symbol in three sequences
— Initial conditions
» a(0)=2n,+1 mod 4, a(i)=2n. mod 4, i=1,...,7, a(i)=3a(i-3)+a(i-
5)+3a(i-6)+2a(i-7)+3a(i-8) mod 4, i=8,..., 28-2
» b(i)=ng,; mod 2, i=1,...,7, b(i)=b(i-1)+b(i-3)+b(i-7)+b(i-8) mod
2,1=8,9,..., 28-2
» d(i)=n,s,; mod 2, i=1,...,7, d(i)=d(i-1)+d(i-3)+d(i-4)+d(i-8)
mod 2, i=8,9,..., 28-2
» nth extended quaternary S(2) sequence
_ Zn(255) = Zn(O)
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Short Scrambling Codes

* Mappi ng from Zn(i) o Cshort,l,n(i) and Cshort,z,n(i)
_ Cshort,l,n(i) = 11 Cshort,z,n(i) = 1for Zn(i) =0
_ Cshort,l,n(i) - '1’ Cshort,2,n(i) =1for Zn(i) =1
_ Cshort,l,n(i) = '17 Cshort,z,n(i) =-1for Zn(i) =2
_ Cshort,l,n(i) — 1’ Cshort,z,n(i) =-1for Zn(i) =3
 nth complex short scrambling sequence, 0 < N=n,,...n; < 2%4-1
_ Cshort,n(i) - Cshort,l,n(i mod 256)
(L+ (-1 Crore 2 n(2L (i mod 256)/2))),i=0,1,..., 28-2
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ELECTRONICS

Short Scrambling Sequence Gener ator

a0
modd
" 2
o, o
@ mod n addition L N N e R I IR IO o ’k;"}_’ M| camentd

mod 4
mod 2
@ rnulbiplicatinn . (+ "

— 7 i) ) 4 3 2 1 0 +
@ | 2l | Comaald) | Compzpll]
3 3 [ +1 +1
2 1 -1 +1
od 4 2 _1 _1
oy + 3 +1 -1

Slide 48



Physical Layer of W-CDMA and HSDPA PErmsuncd
ELECTRONICS

HPSK (Hybrid PSK) Scrambling

 For low PAPR
— single channel : OQPSK, MSK, GMSK, ...
— multiple channels : HPSK (or OCQPSK)

e Reduction of zero transition probability and symbol repetition
probability from 1/4 to 1/8

— reduces the PAPR of signal for transmission of multiple channels
with different amplitude levels
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Physical Layer of W-CDMA and HSDPA

ELECTRONICS

Uplink M odulation

cosiat)
Re{S}  |Pulse- i
Complex-valued Split " | shaping " ®
chip sequence = real &
from spreading imag. Imis) ST @ *
operations arts | Ptse ..(:)
g g "1 shaping
I
-sinfat)

e QPSK (dual code BPSK)
e Pulse-shaping filter

— root-raised cosine(RRC) filter with roll-off a=0.22
IITL(I—E}J+4EETLCD{TETL|:1+&:IJ

sin[
RCD I:fj — C C C

£l

1
chiprate

T =

=

= 026042 ps

Slide 50



Physical Layer of W-CDMA and HSDPA

Uplink Physical Channels (UL PhCHSs)

 DPCH(dedicated physical channel)

— DPDCH(dedicated physical data channel)

— DPCCH(dedicated physical control channel)
e PCPCH(physical common packet channel)
 PRACH(physical random access channel)
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Physical Layer of W-CDMA and HSDPA

Pilot
Npilot bits

Nrrei bits

Nrai bits

Tslot = 0.667ms, 2560 chips = 10 bits:

Spreading and Scrambling

Pilot
Npilot bits

Nrrei bits

Nrai bits

Tslot = 0.667ms, 2560 chips = 10 bits:

A-P and CD-P of PCPCH

Py(k mod 16)
Signature Generator I—

Layer 1
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Physical Layer of W-CDMA and HSDPA

Structure of UL PhCHs (2)

Pulse shaping
RRC filter

(roll-off=0.22)
"‘
Split | | Shaping | \> v
real Q}i\.

¢ =)

..... imag.
Control parts Pulse %
- ! Tx freq. range
MHz
1920~1980

MHz

-
-
-
=

Pilot TFCl
Npilot(8) bits Ntrei(2) bits

Tslot = 0.667ms, 2560 chips = 10 bits

Bit mapping | |
0—+1,1—> -1

PRACH Preamble

Signature Generator l—

Layer 1

Pyk mod 16)
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Physical Layer of W-CDMA and HSDPA

Timing Relationship
among PCPCH and AP-AICH, CD/CA-ICH (1)

AP- A][ 'H e —\\*H DPCCH {n] J}
“P.l I I
"I—I"E-'I—F-*_"E i Fower Confrol, Pilot and CPCH >

“THOA [Example shown is for Tepch = (] coatrol commands

/ i nr}:sllr.ts
j \ , Fon e PCPCH (UL
|"||

B

T olppep Information and Controd Data
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ELECTRONICS

Timing Relationship

among PCPCH and AP-AICH, CD/CA-ICH (2)
* Tepen - 1dentical to AICH_Transmission_Timing
e al:AP-AICH, a2 : CD/CA-ICH
* 15360 chips + 5120 chips x T, < 1, , < 5120 chips x 12
* Tpq = 7680 chipsfor T, = 0or 12800 chipsfor T, =1
* Tarcop > Tar-copmin = 7080 chips
* Thedp 2 Tpcdpmin = 19360 chipsfor T, =0 or

20480 chipsfor Ty, =1

* Tegpae= 7680 chipsfor T, = 0or 12800 chipsfor T, =

* Tegppep = 19360 chipsfor T, = 0 or 20480 chipsfor T

cpch

cpch —

1

cpch — =1
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ELECTRONICS

Timing Relationship between PRACH/AICH

one access slof

A Acg.
AICH access Ind.
slots RX at UE | | — I I ——— I I
- -
Tp-e
Pra- Pre-
PRACH access amble amble Message part
slots TX al UE I —_ I I . II |
'lil_, o I tl.l-l'l

e Accessdot : 5120 chips

e AICH Transmission Timing = 0(or 1) : parameter signaled by higher
layers

— rp_p > T, nmin = 15360 chips (or 20480 chips)
= 7680 chips (or 12800 chips)
— T,m = 15360 chips (or 20480 chips)
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Physical Layer of W-CDMA and HSDPA

ELECTRONICS

Coding and Multiplexing

TrCH #i
TrBk
CRC Concatenation | | Channel Radio Frame 1st Radio Frame Rate
> > > . > . . > . > . > .
Attachment /Code Block Coding Equalization | | Interleaving Segmentation Matching
segmentation
TrCH #(i+1)
TrBk
CRC Concatenation | [ Channel Radio Frame 1st Radio Frame Rate
> > > . > . . > . > . > .
Attachment /Code Block Coding Equalization | | Interleaving Segmentation Matching
segmentation
—CCTrchH PhCH #1
) Physical Physical
> ysSiC ys PhCH #2
: MuITtirCI:eHxin Channel N Interzlggvin |  Channe
: PIEXING || Segmentation 9 Mapping :
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Physical Layer of W-CDMA and HSDPA

Vs

HSDPA

« HSDPA Concepts
* Properties of HSDPA

e Channels and Coding Process of
HSDPA

74
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ELECTRONICS

HSDPA Concepts (1)

e High Speed Downlink Packet Access
— Increases downlink data rates
» up to atheoretical peak datarate of 14.4 Mbps
» much lower in practice and dependent on cell size
— Improves spectral efficiency for downlink packet data services
— reduces transmission latency

— supports multimedia services (packet based) : web browsing,
movie streaming, interactive games, car navigation system, etc

« HSDPA UE and R'99 UE can share the same carrier
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Physical Layer of W-CDMA and HSDPA

ELECTRONICS

HSDPA Concepts (2)

e Improved DSCH(Downlink Shared Channel) for packet
communication

— HS-DSCH(High Speed-DSCH)

A
.
.'..;- '“'
¥
A
¥

DCH1 |

——— DCHZ G A

i

DCH3 | e 7474

Multiplexed

T HSDSCH |

i
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Physical Layer of W-CDMA and HSDPA

Properties of HSDPA (1)

 Oveview
— new high speed downlink channels
— anew high speed uplink channel
— shorter TTI (or radio subframe) of 2ms
— code multiplexing combined with time multiplexing
— fast Scheduling in the Node B instead of RNC
— AMC(Adaptive Modulation and Coding)
— HARQ(Hybrid Automatic Repeat reQuest)
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Physical Layer of W-CDMA and HSDPA

ELECTRONICS

Properties of HSDPA (2)
« HSDPA Channels

Node B:
Generation of

% HS-SCCH Scheduling Information %
HS-PDSCH User Data
UE Transport Channel : HS-DSCH UE

Slide 62



Physical Layer of W-CDMA and HSDPA

Properties of HSDPA (3)

o Shorter TTI (or radio subframe) of 2 ms

10 ms
«
Subframe | Subframe | Subframe Subframe | Subframe
#0 H#1 #2 #3 #4
« »

3 X Tg o7 = 7680 chips
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Physical Layer of W-CDMA and HSDPA PEAmsuncd

Properties of HSDPA (4)
* Downlink Code/Time Multiplexing
0 0
0 0
@ _O
-

0
0
_ 0

Shared packet channel

ml*

e T

Time

Dedicated channel

OVSF codes
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Physical Layer of W-CDMA and HSDPA PErmsuncd
ELECTRONICS

Properties of HSDPA (5)

« MAC Layer Scheduling in Node B

— fast scheduling possible because of functionality closer to air
Interface and short frame length

» fast adaptation to channel variation (AMC)
» fast HARQ retransmissions

— scheduling based on channel quality, UE capability, QoS class,
power/code availability
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Physical Layer of W-CDMA and HSDPA

ELECTRONICS

Properties of HSDPA (6)

<—10ms—»

Un-efficient usage!

Packet
RNC é \
Code
multiplexing

E

|

2ms

Wasted bandwidth !

Ve =o =1_ =L

TPk

- > .
Time multiplexing

é
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Physical Layer of W-CDMA and HSDPA PErmsuncd
ELECTRONICS

Properties of HSDPA (7)

« AMC
— link adaptation to improve data throughput

— DL modulation-coding scheme depending on the channel
conditions for each user

» The modulation and coding format are changed to match the
current recelved signal quality or channel conditions at the
receiver.

— modulation
» QPSK/16-QAM
— coding
» rate 1/3 turbo coding
» different effective code rates obtained through various rate-
matching parameters
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Physical Layer of W-CDMA and HSDPA

Properties of HSDPA (8)

« HARQ(Hybrid Auto Repeat reQuest)
— Forward error correction such as turbo coding
— Backward error correction using ARQ

Transmitter 1 2| 3

7 |5

K3y

4o

V4
Receiver 1 m 6

» ACK/NACK control : Layer 1 (HS-DPCCH)
» packet order scheduling : Layer 2 (MAC)
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Physical Layer of W-CDMA and HSDPA PErmsuncd
ELECTRONICS

Properties of HSDPA (9)

o Soft Combining Scheme
— minimizes the number of additional retransmission requests
— 2 soft combining schemes
» CC(Chase Combining)

> 1nvolves sending an identical version of an erroneously
detected packet

> Received copies are combined by the decoder prior to
decoding

» IR (Typell and Il HARQ)

> involves sending a different set of bitsincrementally to be
combined with the original set, thus increasing the amount
of redundant data and the likelihood of recovering from
errors
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ELECTRONICS

Properties of HSDPA (10)

* Incremental Redundancy

1st rate matching rate-1/3 coding

2nd rate ] (T T ITTIIX T T
matching Rfff::‘!/ O 1ot TX Refi=4/5 IR Buffer Size = 10 bits/process
RV=0EEEEE " IINEE 7 B 0. NN
2nd TX Ref=4/5 NACK
RV=2 mmmu i— i — 7 S -
— 3rd TX Reff=4/5 NACK
RV.S5 :>DE33/“7———/EDE]:>H|H||H|:>A_Q<
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Physical Layer of W-CDMA and HSDPA

ELECTRONICS

Properties of HSDPA (11)

e Multiple HARQ Processes
— Throughput can be increased by reducing the inter-TTI interval.
— Available system capacity is not wasted.

Subframe # 1 2 3 4 5 6 7 8 9 10 11 12 13
HS-SCCH [eWlifell DTX DTX |Control| DTX DTX [e6ljiifel@ DTX : DTX |Control| DTX | DTX

A

DTX DTX/ DTX | Data DT)y DTX

HS-PDSCH(s)

- -
2 slots InteyETTI =3

_ UE Processing_ M4

HS-DPCCH - » 60} DTX | DTX
Delay ~7.5 slots IS

CQl| DTX | DTX DTX | DTX

NACK
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Physical Layer of W-CDMA and HSDPA PErmsuncd
ELECTRONICS

Channel Types

* New downlink channels
— TrCH
» HS-DSCH
— PhCH
» HS-PDSCH (HS-Physical DSCH) : payload data

» HSSCCH (HS-Shared CCH) : UE identity and HS-DSCH
coding information

e New uplink physical channel
— HS-DPCCH (HS-Dedicated Physical CCH) : ACK/NACK and
CQI (Channel Quality Indicator)
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Physical Layer of W-CDMA and HSDPA

- - ,—!
- -
- =T -

==z

ELECTRONICE

)

Pulse shaping
RRC filter
(roll-off=0.22)

EXXY
sadde
UoIRINPO N

Y-

o

)

~——Tsot = 0.667ms, 2560 chips = M? 60 bits (M=2 for QPSK, M=4 for 16-QAM)

HS-SCCH Tx freg. range

1930~1990
MHz

2110~2170
MHz

Tsiot = 0.667ms, 2560 chips = 40 bits

Other DL Channels

Spreading and Scrambling

PhCHs of
HSDPA

Pulse shaping
RRC filter
(roll-off=0.22)

e

Tx freg. range
1850~1910
MHz
1920~1980
MHz

HS-DPCCH
Layer 1

~—Tsot, 2560 chips=10 bits—=<+——————2Tsot, 5120chips=20 bits
2ms

| Branch if Nmax-dpdch = even f
Q Branchif Nmacapaon =odd |  Other UL Channels
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Physical Layer of W-CDMA and HSDPA

ELECTRONICS

Coding for HS-DSCH

CRC N Bit N Code Block N Channel N Phy:_c:lRLQayer
Attachment Scrambling Segmentation Coding Functionality

HS-DSCH
Physical " HSDSCH »| Constellation | Physica | #]
> Channel_ : | Interleavi ng P Re-arrangement | ‘ Channel .
Segmentation > > for 16-QAM » Mapping [HASDSCH

#P

Slide 74



Physical Layer of W-CDMA and HSDPA PErmsuncd
ELECTRONICS

Coding Process for HS-DSCH

e 1TrCHInHSDSCH CCTrCH

o 1transport block in each TTI of 2ms
 CRC length =24 bits

« Channel coding = 1/3 rate turbo coding
 H-ARQ : 2 stage rate matching

— 1 rate matching : matches the number of input bits to the virtual
|R(Incremental Redundancy) buffer

— 2" rate matching : matches the number of bits after 1 rate

matching stage to the number of physical channel bits available in
the HS-PDSCH set inthe TTI

« Mapped onto (up to 15) HS-PDSCH(s)
» Interleaving is performed separately for each PhCH
o Different 16-QAM constellations are defined.
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Physical Layer of W-CDMA and HSDPA

ELECTRONICS

Data Rate Categories of HSDPA

Category | Codes | Inter-TTI | TB size | Total # of soft Bits | Modulation Data rate
1 o 3 7300 19200 QPSK/16QAM 1.2 Mbps
2 5 3 7300 28800 QPSK/1B6QAM 1.2 Mbps
3 5 2 7300 28800 QPSK/16QAM 1.8 Mbps
4 5 2 7300 38400 QPSK/16QAM 1.8 Mbps
5 5 1 7300 57600 QPSK/16QAM 3.6 Mbps
6 5 1 7300 67200 QPSK/1B6QAM 3.6 Mbps
7 10 1 14600 115200 QPSK/16QAM 7.2 Mbps
8 10 1 14600 134400 QPSK/16QAM 7.2 Mbps
9 15 1 20432 172800 QPSK/16QAM 10.2 Mbps
10 15 1 28776 172800 QPSK/MBQAM 14.4 Mbps
11 5 2 3650 14400 QPSK only 0.9 Mbps
12 5 1 3650 28800 QPSK only 1.8 Mbps
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own—

Coding for HS-SCCH

Physical
Channel
Mapping
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Xue
Xces —» \—»
MUx X1| Channe | Z1 Rate R1| UE Specific [ Sl
| Coding 1 | Matching 1 Masking
Xms —
—)
—)
Xths —
Xhap — > e
. xeol mux X2 UECS:geg'f'C v | chamnel |z2| Rate
RV Codin > g g i g i =
—: g Attatchment Coding 2 Matching 2 | R2
Xnd — r
Xue

ELECTRONICS

HS-SCCH




Physical Layer of W-CDMA and HSDPA

| nfor mation of HS-SCCH

» Channelization-code-set information (7 bits) : Xccs
e Modulation scheme information (1 bit) : Xms

o Transport-block size information (6 bits) : Xtbs
 H-ARQ process information (3 bits) : Xhap

* Redundancy and constellation version (3 bits) : Xrv
 New dataindicator (1 bit) : Xnd

« UE identity (16 bits) : Xue

Slide 78



Physical Layer of W-CDMA and HSDPA

ELECTRONICS

Timing Relationship between HSSCCH and HS-PDSCH

3 % Tgo = 7680 chips

rof
HS-SCCH
3% Taw = 7680 chips
o =
HS-PDSCH HS-DSCH subframe

i >
THS-F‘DSCH {2 KT5|DI = 5120 Ehlpﬁ-}'
-+ -
1 subframe = 3 slots (= 1/5 frame)
duration: 2ms (= 10 ms x 1/5)
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ELECTRONICS

Coding for HS-DPCCH

; HS-DPCCH

HARQ-ACK ——>|  Channel Coding Phy?\/lczlp;i:zgnnel
- HS-DPCCH

CQl — > Channel Coding PhyS'M C:'pgzgnnd
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Physical Layer of W-CDMA and HSDPA PErmsuncd
ELECTRONICS

Code Allocation for Spreading of HS-DPCCH

e Channedlization code

_ !f I\Imax -dpdch — =1= Chs = Cch 256,64
—If |\Imax -dpdch — =2,4,6= Chs = Cch,256,1

— If |\Imax -dpdch — =3,9=> Chs = Cch,256,32
e Scrambling code
— same as UL DPCH
4 Sdpch,n(i) = Clong,n(i) oF Cyorenll), 1=0,1,...,38399

Slide 81



Physical Layer of W-CDMA and HSDPA

ELECTRONICS

Timing Relationship among DL and UL Channels

10 ms Radio frame

ALBTS Any CPICH

P-CCPCH | Radio frame {SFM mod 2 = 0} Radio frame [SFN mod 2 =1}

nth DLDPCH | Tnp.;H_n4 |

HS-SCCH subframe ## | 0 | 1 3 (AT I R AT R SR

H5-PDSCH subframa & 0 i 2 3 4 1] 1 ¥ 3 4
Propagation delay e
n-th DL DPCH | |
At UE 1024 chip+/-alpha
UL DPCH [ |
——
DL H5-PDSCH subframe # NN e
T ygp = 19200 chips 5 7.5 slots
UL HS-DPCCH subframe # b [ 1 2 ]3] a|
=
m + 256 chips = 7680 + 19300 + Try g - 1024
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Vs

4G Cdlular Communication

Evolution of Cellular Mobhile
Communication

4G Cdllular Mobile
Communication

74
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ELECTRONICS

Evolution of Cellular Mobile Communication (1)

P
1G (1980's) 2G (1990's) 2.5G (1999-) 3G (2001-)
I I ———

Analog Digital Data SVC Multimedia
I ———

IMT-2000
cdmaOne cdma2000
Voice Voice, SMS I nter net Internet Internet Internet, VOD
9.6 kbps 9.6 kbps 115.2 kbps 153.6 kbps 307.2 kbps 3.1 Mbps
(64 kbps) IXEV-DV
Voice, SMS Internet, VOD Internet, VOD
J-STD-008 —
14.4 kbps 2.4Mbps 3.1Mbps
1XEV-DO IXEV-DO
Voice, SMS Internet Internet, VOD Internet, VOD
GSM = GPRSEDGE > ——(HisDPA)
14.4 kbps 230.4/694.2 kbps 2.4 Mbps 14.4 Mbps
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ELECTRONICS

Evolution of Cellular Mobile Communication (2)

[
1G 51980' sz 2G 51990' sz 2.5G 51999~=

T sceoo 4G (2010)
Analog Digital Data SVC W High Speed Multimedia
AMPS = I1So5A = 15958 = ({cdma2000 )=,

J-STD-008

MTZCD EEEEEREmW,

'...\"“

GSM = GPRSEDGE —»'

Bluetooth

UWB

table I nterr

PDA

DVB-H

old/Platinu
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ELECTRONICS

4G Cdlular Mobile Communication

DAB

Broadcasting HPi/Flash OFDM Wireless

/[i-BURST/... Access

GPRSEDGE

Cdlular
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ELECTRONICS

Q& A

>
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