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HSDPA - Release 5 RAN improvement

High Speed Downlink Packet Access (HSDPA):

•HSDPA is designed to support data rates of up to 10 Mbps (14Mbps)

•Co-existence with R99 in the same frequency band (5 MHz) à usage 
of free resources 

•Used for Best Effort and background services

This seminar will focus on HSDPA in the UMTS FDD mode
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HSDPA Scenario
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HSDPA Common-Dedicated Channel

Common Channel Dedicated Channel

Common physical resource
Identification by in-band UE-ID

Dedicated physical resource

àUL: PRACH, PCPCH
àDL: P-CCPCH, (BCH)

S-CCPCH (PCH,FACH)

àUL: PDCH
àDL: PDCH
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HSDPA Common-Dedicated Channel

Common Channel Dedicated Channel

Common physical resource
Identification by in-band UE-ID

Dedicated physical resource+

Shared Channel

Shared physical resource
Identification by in-band UE-ID

àR99: DSCH
àR5: HSDPA
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HSDPA What is new ?

3 slot TTI (2 ms)

CQI: Channel Quality Indication

AMC: Adaptive Modulation and Coding

Constellation re-arranging (16 QAM)

H-ARQ: Hybrid Automatic Repeat Request

N-channel SAW: N-channel Stop And Wait protocol

MAC-hs: New MAC instance
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HSDPA physical/transport channel

• fixed spreading factor SF = 16 for HS-(P)DSCH

• QPSK and 16 QAM modulation

• static TTI length = 3 x Tslot = 2 ms

• fixed CRC size: 24 bits  

• FEC: Only 1/3 turbo coding (R99 turbo coder)
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HSDPA channel structure

Downlink DPCH (R99)
Node B UE

HS-DPCCH

Shared Control Channel (SCCH)  #1

Shared Control Channel (SCCH) #2

Shared Control Channel (SCCH)l #3

Shared Control Channel (SCCH) #4

HS-DSCH

Uplink DPCH (R99)

Modulation/ 
Code Allocation

FEC, UE-ID

ACK/NACK
Quality indication

Data
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HSDPA HS-DSCH

Slot format #i Channel
Bit Rate
(kbps)

Channel
Symbol

Rate (ksps)

SF Bits/ HS-
DSCH

subframe

Bits/ Slot Ndata M

0(QPSK) 480 240 16 960 320 320 2
1(16QAM) 960 240 16 1920 640 640 4

Slot #0 Slot#1 Slot #2

Tslot = 2560 chips, M*160 bits

Data
Ndata1 bits

1 HS-PDSCH subframe: T f = 2 ms
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HSDPA Channel Coding

Only one HS-DSCH per CCTrCh

Max. code block size 5114 bits

1/3 turbo code as in R99 

CRC size fixed: 24 bit

variable redundancy 

CRC attachment

aim1,aim2,aim3,...aimA

Code block segmentation

Channel Coding

Physical  channel
segmentation

PhCH#1 PhCH#P

Physical Layer Hybrid-ARQ
functionality

dim1,dim2,dim3,...dimB

oir1,oir2,oir3,...oirK

ci1,ci2,ci3,...c iE

vp,1,vp,2,vp,3,...vp,U

up,1,up,2,up,3,...up,U

w1,w2,w3,...wR

HS-DSCH
Interleaving

Physical channel mapping

Constellation
re-arrangement

for 16 QAM

rp,1,rp,2,rp,3,...rp,U

Bit Scrambling

bim1,bim2,bim3,...bimB
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HSDPA channel coding

RM P1_1

RM P2_1

RM S

RM P1_2

RM P2_2

Nsys

Np1

Np2

Nt,sys

Nt,p1

Nt,p2

First Rate
Matching

Virtual
IR Buffer

Second Rate
Matching

Systematic
bits

Parity 1 bits

Parity 2 bits

RV Parameters
s and r

s-parameter: systematic bits indication
s=0, s=1: systematic bits preferred

r- parameter: redundancy indication
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HSDPA Hybrid-ARQ

ARQ: incorrect  packets are transmitted again (layer 2 function)

H-ARQ:
Typ I: Coding is applied to transmission packets 

(separate layer 1 and layer 2 functionality) 

Typ II: retransmission of packet information with
additional or incremental redundancy
(re-transmission is not self-decodeable)

Typ III: retransmission of packet information is self-
decodeable but could be send with less power
(Chase combining: 

1. transmission = re-transmission)
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HSDPA H-ARQ bitmapping

Systematic
bits

Parity 1 bits

Parity 2 bits

F ir st
Rate
Matching

Second
Rate
Matching
(+BitMap*
e.g. SMP)

To Physical
channel seg.
(Symbol-level
processing)

Vir tu al
IR Buffer

RV (Redundancy Version)
parameter

From
channel
coding.

HARQ
Bit -
Mapping*

HARQ Bitmapping
(Constellation Rearr.)

parameter

* required for 16-QAM operation only
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HS-SCCH  frame structure

 

  

Slot #0   Slot#1   Slot #2   

T slot  = 2560 chips, 40   bits   

Data   
N data 1  bits   

1 subframe: T f  = 2 ms   

The spreading factor is fixed SF=128.
The Channel Coding depends on the different information fields.
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HSDPA HS-SCCH information

– Channelization-code-set information (7 bits): xccs,1, xccs,2, …, xccs,7

– Modulation scheme information (1 bit): xms,1

– Transport-block size information (6 bits): xtbs,1, xtbs,2, …, xtbs,6

– Hybrid-ARQ process information (3 bits): xhap,1, xhap,2, xhap,3

– Redundancy and constellation version (3 bits): xrv,1, xrv,2, xrv,3

– New data indicator (1 bit): xnd,1

– UE identity (16 bits): xue,1, xue,2, …, xue,16

A HS-SCCH subframe contains the following information:

One UE can receive up to 4 HS-SCCH channels.

Note: If a UE was scheduled in an HS-SCCH it only needs to receive
that HS-SCCH in the following frame.
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HSDPA SCCH structure

Channel
Coding 1

HS-SCCH

Physical
channel
mapping

Rate
matching 1

mux mux

Xccs Xms

Xue

X1
X2

Xtbs Xhap

Xrv
Xnd

Y

Channel
Coding 2

Rate
matching 2

UE
specific
masking

Z1 Z2

S1

R1 R2

Xue

RV
coding

r s b

UE specific
CRC

attachment
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HS-SCCH à HS-DSCH Code allocation
Cl

us
te

rc
od

eI
nd

ica
to

r(
3b

its
)

Tree offset indicator (4 bits)

0 (1/15)

1 (2/14)

2 (3/13)

3 (4/12)

4 (5/11)

5 (6/10)

6 (7/9)

7 (8/8)

0 10 11 12 13 14 151 2 3 4 5 6 7 8 9

P
Ο

Decoding notation
Number of
multi-codes
Offset from
left/right in code
tree (SF=16)

1
1
2
1
3
1
4
1
5
1
6
1
7
1

1
2
2
2
3
2
4
2
5
2
6
2
7
2

1
3
2
3
3
3
4
3
5
3
6
3
7
3

1
4
2
4
3
4
4
4
5
4
6
4
7
4

1
5
2
5
3
5
4
5
5
5
6
5
7
5

1
6
2
6
3
6
4
6
5
6
6
6
7
6

1
7
2
7
3
7
4
7
5
7
6
7
7
7

1
8
2
8
3
8
4
8
5
8
6
8
7
8

7
9
8
8

1
9
2
9
3
9
4
9
5
9
6
9

6
10
9
7
8
7

1
10
2
10
3
10
4
10
5
10

5
11
10
6
9
6
8
6

1
11
2
11
3
11
4
11

4
12
11
5
10
5
9
5
8
5

1
12
2
12
3
12

3
13
12
4
11
4
10
4
9
4
8
4

1
13
2
13

2
14
13
3
12
3
11
3
10
3
9
3
8
3

1
14

1
15
14
2
13
2
12
2
11
2
10
2
9
2
8
2

15
1
14
1
13
1
12
1
11
1
10
1
9
1
8
1Redundant area

SF=16

Code ‘0’ is
reserved for
common
channels

Code offset 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
P=5O=7

code group indicator:
xccs,1, xccs,2, xccs,3 = min(P-1,15-P)
code offset indicator:
xccs,4, xccs,5, xccs,6, xccs,7 = |O-1-P/8 *15|

•Spreading factor of the
HS-DSCH is fixed SF = 16, 

•For one UE a cluster of codes
can be allocated: 
C ch,16,O … C ch,16, O+P-1
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HS-SCCH à HS-DSCH modulation sceme





=
QAMif

QPSKif
xms 161

0
1,

•HS-DSCH modulation can be: QPSK
16 QAM

depending on the UE category.

•The value of xms,1 is derived from the modulation: 
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Parameter for
changing

puncturing or
repetition* 
scheme

Priorisation of 
systematic bits*

HS-SCCH à HS-DSCH redundancy version

0117

3016

2015

1014

1103

1112

0001

0010

brsXrv (value)

307

316

205

214

103

112

001

010

rsXrv (value)RV coding for QPSK

RV coding for 16QAM

à xrv,1, xrv,2, xrv,3

Parameter for
constellation re-

arrangement

*In case of repetition both parameters
r and s change the repetition scheme
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HS-SCCH à HS-DSCH transport block size

• The transport block size is signalled by th TFRI (= Transport Format Resource 

Indicator). TFRI is a 6 bit value: xtbs,1, xtbs,2, …, xtbs,6 .
• For each combination of allocated HS-DSCH channel code set and modulation 

scheme 0..62 transport block sizes exist.
• Formula to calculate the transport block size from the TFRI is given in 25.321
• The value 111111 (or Ki = 63) is reserved for TrBlkSizes where no mapping 

exists in  the case of retransmission.

• Examples:

a)
QPSK, 5 code channels:

TFRI TrBlkSize (bits)

..
4 1651
5 1681
6 1711
7 1742
...

b)
TrBlkSize (bits): 1593

Channel codes TFRI

2 QPSK 54
3 QPSK 31
4 QPSK 15
5 QPSK 2
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HS-SCCH à HS-DSCH HARQ info

– Hybrid-ARQ process information (3 bits): xhap,1, xhap,2, xhap,3

This value identifies the HARQ-process for which the data is transmitted

– New data indicator (1 bit): xnd,1

This parameter indicates if the transmitted data is for the defined HARQ-
process is new. The value is therefore toggled for new data, i.e. for a 
retransmission it has the same value as for the first transmission.



U. Bäder, 1CM-T 22

HSDPA DL timing

 

HS-SCCH 

HS-PDSCH 

3×Tslot 7680 chips 

τHS-PDSCH (2×Tslot 5120 chips) 

3×Tslot 7680 chips 

HS-DSCH sub-frame 

Info:
HSDPA channel

codes,
Modulation 

scheme
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HS-DPCCH  frame structure

HARQ-
(N)ACK CQI

subframe 3 slots = 2ms

1 slot = 2560 chips 2 slots = 5120 chips

Subframe #i Subframe #i+1Subframe #i-1
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UL channel structure
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UL channel structure

Quantized amplitude ratios for 






 ∆ −

2010
DPCCHHS

5/150

6/151

8/152

9/153

12/154

15/155

19/156

24/157

30/158

Signalling values for ∆
ACK, ∆ΝACK and ∆CQI

Power Offset ∆HS-DPCCH:
∆ACK, ∆NACK and ∆CQI
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HS-DPCCH channel coding

HARQ-ACK 
message to 
be 
transmitted 

w0 w1 w2 w3 w4 w5 w6 w7 w8 w9 

ACK 1 1 1 1 1 1 1 1 1 1 

NACK 0 0 0 0 0 0 0 0 0 0 

i Mi,0 Mi,1 Mi,2 Mi,3 Mi,4
0 1 0 0 0 1
1 0 1 0 0 1
2 1 1 0 0 1
3 0 0 1 0 1
4 1 0 1 0 1
5 0 1 1 0 1
6 1 1 1 0 1
7 0 0 0 1 1
8 1 0 0 1 1
9 0 1 0 1 1
10 1 1 0 1 1
11 0 0 1 1 1
12 1 0 1 1 1
13 0 1 1 1 1
14 1 1 1 1 1
15 0 0 0 0 1
16 0 0 0 0 1
17 0 0 0 0 1
18 0 0 0 0 1
19 0 0 0 0 1

2mod)( ,

4

0
Mab ni

n
ni
×= ∑

=
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CQI mapping table table

CQI mapping table for UE categories 1 to 6:

……………
-216-QAM5716824

-116-QAM5716823

016-QAM5716822

016-QAM5655421

016-QAM5588720

016-QAM5528719

016-QAM5466418

016-QAM5418917

016-QAM5356516

0QPSK5331915

0QPSK4258314

0QPSK4227913

0QPSK3174212

0QPSK3148311

0QPSK3126210

0QPSK29319

09600

……………

XRVNIRReference power 
adjustment ∆Modulatio

n

Number of 
HS-

PDSCH

Transport 
Block Size

CQI 
value

Channel configuration
acc. to CQI

à PER <= 10 %

àUE CQI test cases
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Constellation Re-arrangement

x0, x1, x2, x3 à

Constellation version parameter b:

0: x0, x1, x2, x3
1: x2, x3, x0, x1 
2: x0, x1, -x2, -x3
3: x2, x3, -x0, -x1

à y1, y2, y3, y4
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b=0 b=1

b=2 b=3
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DL Channel Timing

 

k:th S-CCPCH 

AICH access 
slots 

SCH 

Primary 
SCH 

τ S-CCPCH,k 

10 ms 

τ PICH 

#0 #1 #2 #3 #14 #13 #12 #11 #10 #9 #8 #7 #6 #5 #4 

 Radio frame with (SFN modulo 2) = 0  Radio frame with (SFN modulo 2) = 1 

τ DPCH,n 

P-CCPCH 

PICH for k:th 
S-CCPCH 

Any PDSCH 

n:th DPCH 

10 ms 

Subframe 
# 0 

HS-SCCH 
Subframes 

Subframe 
# 1 

Subframe 
# 2 

Subframe 
# 3 

Subframe 
# 4 

Any CPICH 

Secondary 
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HSDPA UL HS-DPCCH Timing

ACK/NACK processing time in UE ≈ 5 ms

Uplink DPCH

HS-PDSCH at UE

Uplink HS-DPCCH

3×Tslot  7680 chips

m×256 chips

τUEP  ≈ 19200 chips

 Tslot  2560 chips

3×Tslot 7680 chips

Slot #0 Slot #1 Slot #2 Slot #3 Slot #4 Slot #5 Slot #6 Slot #7 Slot #8 Slot #9 Slot #10 Slot #11 Slot #12
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HSDPA timing



U. Bäder, 1CM-T 34

HSDPA CQI scheduler

ACK/NACH /CQI

ACK/NACH /CQI

ACK/NACH /CQI

HSDPA scheduler
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Adaptive modulation and coding (AMC)

Tests 1&2 2codesx4TS

0

200

400

600

800

1000

1200

-2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SIR (dB)

Th
ro

ug
hp

ut
 (b

its
/s

ub
-fr

am
e)

QPSK 240 QPSK 253
QPSK 267 QPSK 282
QPSK 298 QPSK 315
QPSK 332 QPSK 351
QPSK 370 QPSK 391
QPSK 413 QPSK 436
QPSK 461 QPSK 487
QPSK 514 QPSK 543
QPSK 573 QPSK 605
QPSK 639 QPSK 675
16-QAM 675 16-QAM 712
16-QAM 752 16-QAM 794
16-QAM 839 16-QAM 886
16-QAM 936 16-QAM 988
16-QAM 1043 16-QAM 1102
16-QAM 1163
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Stop and Wait Protocol (SAW)

ACK/NACK
Network

BS, Tx

UE, Tx

Data

ACK/NACK

Data

UE

t

∆t
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HSDPA

HSDPA N-channel SAW ARQ scheduler

HARQ process

ACK/NACH /CQI

ACK/NACH /CQI

ACK/NACH /CQI

HSDPA scheduler
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HSDPA N-channel SAW ARQ

asynchronous DL - synchronous UL

No. of H-ARQ process = 1..8 per UE

HS-PDSCH

UL DPCCH UE1

UL DPCCH UE2

UE1 HARQ
channel 1

A A

UE1 HARQ
channel 2

UE1 HARQ
channel 3

UE1 HARQ
channel 4

UE2 HARQ
channel 1

A NN

A

A A



U. Bäder, 1CM-T 39

HSDPA N-channel SAW ARQ

asynchronous DL - synchronous UL

No. of H-ARQ process = 1..8 per UE
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HSDPA UE Capability

28800363015Category 12*

14400363025Category 11*

17280027952115Category 10

17280020251115Category 9

13440014411110Category 8

11520014411110Category 7

67200729815Category 6

57600729815Category 5 

38400729825Category 4

28800729825Category 3

28800729835Category 2 

19200729835Category 1

Total number 
of soft channel 

bits

Maximum number of 
bits of an HS-DSCH

transport block 
received within

an HS-DSCH TTI

Minimum 
inter-TTI 
interval

Maximum 
number of HS-
DSCH codes 

received

HS-DSCH category

1.2 Mbps class 3.6 Mbps class 7 Mbps class 10 Mbps class

*QPSK only



HSDPA – UE Testing 
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ocI
ôrI

FADERATT1

AWGN
Generator

ATT2

HYB

Test UE

ATT3

HS-SCCH
12.2kbps DL

DTCH / DCCH

HS-DSCH

12.2kbps UL
DTCH / DCCH

(HS-DPCCH ACK/NACK)

ATT = attenuator
HYB = hybrid combiner

*FRC: Fixed Rate Channel

orI TX

RX

BER

System Simulator

HSDPA – UE Testing -RF-

Measurement Set-up FRC*, HS-SCCH performance
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ocI
orI ôrI

TX

RX

FADERATT1

AWGN
Generator

ATT2

HYB

Test UE

ATT3

HS-SCCH
12.2kbps DL

DTCH / DCCH

HS-DSCH

12.2kbps UL
DTCH / DCCH

(HS-DPCCH ACK/NACK)
(HS-DPCCH UE CQI Report)

BER,
CQI

UE Measurement
Report

ATT = attenuator
HYB = hybrid combinerSystem Simulator

HSDPA – UE Testing -RF-

Measurement Set-up CQI reporting
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HSDPA – UE Testing -RF-

H-Set 5Category 12

H-Set 4Category 11

H-Set 3Category 6

H-Set 3Category 5

H-Set 2Category 4

H-Set 2Category 3

H-Set 1Category 2

H-Set 1Category 1

Corresponding 
requirement

HS-DSCH category

* Notes: 1) The reference value R is for the Fixed Reference Channel (FRC) H-Set 1
2) For Fixed Reference Channel (FRC) H-Set 2 the reference values for R should be scaled 

(multiplied by 1.5 and rounding to the nearest integer t-put in kbps, where values of i+1/2 are rounded up to 
i+1, i integer)

3) For Fixed Reference Channel (FRC) H-Set 3 the reference values for R should be scaled 
(multiplied by 3 and rounding to the nearest integer t-put in kbps, where values of i+1/2 are rounded up to i+1, 
i integer)

275140-3

18113-6
VA1204

295142-3

19022-6
VA303

287138-3

18123-6
PB32

423N/A-3

30965-6
PA31

= 10 dB= 0 dB(dB)

Reference valuePropagation 
Conditions

Test 
Numbe

r
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HSDPA – UE Testing -RF-

H-Set 5Category 12

H-Set 4Category 11

H-Set 3Category 6

H-Set 3Category 5

H-Set 2Category 4

H-Set 2Category 3

H-Set 1Category 2

H-Set 1Category 1

Corresponding 
requirement

HS-DSCH category

16QA
MQPSK

Modulation

45CodesNumber of Physical Channel Codes

0.610.67
Coding Rate

96009600SML’sNumber of SML’s per HARQ Proc.

1920019200SML’sTotal Available SML’s in UE

76804800BitsBinary Channel Bits Per TTI

11BlocksNumber Code Blocks

46643202BitsInformation Bit Payload 

22Proce
sses

Number of HARQ Processes

33TTI’sInter-TTI Distance

777534kbpsNominal Avg. Inf. Bit Rate

ValueUnitParameter

In f. Bit Payload

CRC Addition

Turbo-Encoding
(R=1/3)

3202

Code Block
Segm entation

1st  Rate Matching 9600

Tail B its129678

3226

CRC243202

RV Selection 4800

Physical Channel
Segm entation 960

Inf. Bit Payload

CRC Addition

Turbo-Encoding
(R=1/3)

4664

Code Block
Segmentation

1st  Rate Matching 9600

Tail Bits1214064

4688

CRC244664

RV Selection 7680

1920
Physical Channel

Segmentation
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HSDPA – UE Testing -Protocol-

34.108 Spec does not exist for Release 5 yet. 
Thus no HSDPA coverage (release 5 feature, see above).Currently intensive 
discussions at 3GPP working groups.

Radio bearer:
1) Interactive or background / UL:64 DL: [max bit rate depending on UE category] / 

PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH

2) Interactive or background / UL:384 DL: [max bit rate depending on UE category] / 
PS RAB + UL:3.4 DL:3.4 kbps SRBs for DCCH

34.123 No HSDPA protocol tests are defined in the test specification

34.109 Definition of test loops (Applicability of R99 functionality has to be 
considered)
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HSDPA – UE Testing -Protocol-

24CRC, bit

TCCoding type

2 msTTI

HS-DSCHTrCH typeLayer 1

1MAC-hs Queue ID

21MAC-hs header fixed part, bit

336 (alt. 656)MAC-d PDU size, bit

N/AMAC multiplexing

0MAC-d header, bit 

0MAC-d flow IDMAC

16AMD PDU header, bit

depends on UE category
NOTE1

Max data rate, bps

320 (alt. 640)Payload sizes, bit

AMRLC mode

DTCHLogical channel typeRLC

RABRAB/Signalling RBHigher
layer

UE HS-DSCH Physical Layer category 6:

3.65Mbps, (alt. 3.65Mbps)Max Data Rate

Split equally among all processesProcess memory size

6, (alt. 8)Number of processesHS-PDSCH
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HSDPA – UE Testing -Protocol-

Physical Layer testing
• No specific physical layer test cases are considered as those areas are 

considered implicitly tested by upper layer test cases (Layer 2, Layer 3 and 
Radio Bearer test cases).

• ´
Layer 2 testing

• Radio bearer testing for HS-DSCH is considered to partly cover HS-DSCH 
Layer 2 testing. Additional Layer 2 testing areas which is identified requiring 
specific testing are:

• MAC-hs reordering and stall avoidance
• Priority queue handling
• MAC-hs PDU header handling
• MAC-hs retransmissions

RRC testing
• Radio Bearer Establishment procedure. Start and stop of HS-DSCH reception
• Physical Channel Reconfiguration procedure. 

– Start and stop of HS-DSCH reception
– Serving HS-DSCH cell change with MAC-hs reset

• Active Set Update procedure in soft handover: Radio link addition and serving 
HS-DSCH cell change
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HSDPA – UE Testing -Protocol-

 Higher Layer 

L1 

Higher Layer PDU 

RLC SDU 

MAC-d SDU 

MAC-d PDU 

 

  … 
RLC RLC  … 

MAC-d SDU 

MAC-d PDU 

CRC 

… 
… 

MAC-d MAC-d 
L2 MAC-d 

(non-transparent) 

L2 RLC 

(non-transparent) 
Segmentation 

& 

Reassembly 

Higher Layer PDU 

RLC SDU 

MAC-hs SDU MAC-hs SDU … MAC-hs L2 MAC-hs 
(non-transparent) 

Transport Block (MAC-hs PDU) 

 … 

Loop back point for 

UE test loop mode 1 

Loop back point for 

UE test loop mode 2 



HSDPA – Node B Testing 
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HSDPA – Node B Testing

Error Vector Magnitude:
The Error Vector Magnitude is a measure of the difference between the 
reference waveform and the measured waveform. This difference is called 
the error vector. Both waveforms pass through a matched Root Raised 
Cosine filter with bandwidth 3.84 MHz and roll-off a =0.22. Both waveforms 
are then further modified by selecting the frequency, absolute phase, 
absolute amplitude and chip clock timing so as to minimise the error vector. 
The EVM result is defined as the square root of the ratio of the mean error 
vector power to the mean reference power expressed as a %. The 
measurement interval is one timeslot as defined by the C-PICH (when 
present) otherwise the measurement interval is one timeslot starting with 
the beginning of the SCH. The requirement is valid over the total power 
dynamic range as specified in subclause 6.4.3.

Minimum requirement
The Error Vector Magnitude shall not be worse than 17.5 % when the base 
station is transmitting a composite signal using only QPSK modulation.
The Error Vector Magnitude shall not be worse than 12.5 % when the base 
station is transmitting a composite signal that includes 16QAM modulation.
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UMTS – OSI structure

L2

L1

L3

Access Stratum

Non Access Stratum

MAC

Phys. L. 

Control plane User plane

RRC

RLC

RABM
MM

CM

PDCP
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Protocol termination for dedicated connection

UE NodeB

RRC

RLC

PHY
PHY

SRNC

RRC

RLC

PHY

MAC MAC

PDCPPDCP

UE NodeB

RLC

PHY
PHY

SRNC

RLC

PHY

MAC MAC

Protocol termination for 
dedicated control 

Protocol termination for 
dedicated traffic
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Protocol termination for HSDPA

Protocol termination for 
control plane

Protocol termination for 
user plane

UE Node B

RRC

RLC

PHY PHY

SRNC

RRC

RLC

MAC MAC

MAC MAC

UE Node B

RLC

PHY PHY

SRNC

RLC

MAC MAC

MAC MAC

PDCPPDCP
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HSDPA Architecture 
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MAC-hs Node B

MAC-d

MAC-hs

HS-DSCH

TFRC selection

Priority Queue
distribution

Associated Uplink
Signalling

à HS-DPCCH (CQI, ACK/NACK)

MAC-d flows

HARQ entity

Priority Queue
distribution

Priority
Queue

Priority
Queue

Priority
Queue

Priority
Queue

Scheduling/Priority handling

MAC – Control

Scheduling:
•CQI analysis
•Priority handling

MAC SDUC/T

•TFRC selection:
•Transportblock size
•Number of physical channels

Queue ID TSN SID1 N1 F1 SID2 N2 F2 SIDk Nk Fk

MAC- hs header MAC- hs SDU Padding (opt)MAC- hs SDU

Mac- hs payload

VF

Logical Channel RLC PDU

Associated DL
Signalling
à HS-SCCH

•Re-ordering Queue selection
•HARQ process
•RV selection
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Queue ID TSN SID1 N1 F1 SID2 N2 F2 SIDk Nk Fk

MAC-hs header MAC-hs SDU Padding (opt)MAC-hs SDU

Mac-hs payload

VF

VF: Version Flag
(= 0 for R5)

Transmission 
Sequence Number 

SID:
Size Index

No. of 
MAC-D PDUs

Flag
(=0 for next SID
=1 for payload)

HSDPA Data Unit
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MAC-hs UE

MAC-hsMAC – Control

Associated Uplink SignallingAssociated Downlink Signalling

HS- DSCH

HARQ

Reordering Reordering

Re-ordering queue distribution

Disassembly Disassembly

MAC-d

Queue ID TSN SID1 N1 F1 SID2 N2 F2 SIDk Nk Fk

MAC- hs header MAC- hs SDU Padding (opt)MAC- hs SDU

Mac- hs payload

VF

Logical Channel

MAC SDUC/T

RLC PDU


