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HSDPA - Release 5 RAN improvement ROHDE &SCHWARZ

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) & usage
of free resources

*Used for Best Effort and background services
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HSDPA Common-Dedicated Channel ROHDE &SCHWARZ
| l
B O ? ?
Common physical resource Dedicated physical resource

I[dentification by in-band UE-ID
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HSDPA Common-Dedicated Channel ROHDE &SCHWARZ
| l
B O ? ?
Common physical resource + Dedicated physical resource

|dentification by in-band UE-ID
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HSDPA What is new ? ROHDE &SCHWARZ

3 slot TTI (2 ms)
CQlIl: Channel Quality Indication

AMC: Adaptive Modulation and Coding

Constellation re-arranging (16 QAM)




&

HSDPA physical/transport channel ROHDE &SCHWARZ

- fixed spreading factor SF = 16 for HS-(P)DSCH
* QPSK and 16 QAM modulation

e static TTl length=3 x T, ,,=2 ms

slot
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HSDPA channel structure ROHDE &SCHWARZ

Node B UE
| Downlink DPCH (R99) ) Modulation/
Code Allocation

Shared Control Channel (SCCH) #1 %»/l FEC, UE-ID

Shared Control Channel (SCCH) #2

Shared Control Channel (SCCH)I #3

-1 Data
Shared Control Channel (SCCH) #4

2 1
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HSDPA HS-DSCH ROHDE &SCHWARZ

Data
Ndata 1 bits

v

Tsiot = 2560 chips, M*160 bits

Slot #0 Slot#1 Slot #2

A
\4

1 HS-PDSCH subframe: T = 2 ms




HSDPA Channel Coding
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aim1 ’aimZ’aimS’"'aimA

0ir1 'oirZ'oirS' o 0irK

Ci1:Ci:Cig:---Cig

v

CRC attachment

Y

Bit Scrambling

Y

Code block segmentation

v

Channel Coding

v

Physical Layer Hybrid-ARQ
functionality

Physical channel
segmentation

HS-DSCH
Interleaving

Constellation
re-arrangement
for 16 QAM

Physical channel mapping

Only one HS-DSCH per CCTrCh
CRC size fixed: 24 bit
Max. code block size 5114 bits

1/3 turbo code as in R99

variable redundancy
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HSDPA channel coding ROHDE &SCHWARZ
First Rate Virtual Second Rate
Matching IR Buffer Matching
Systematc : N : —— oy
bits : % . » RMS %
Parity 1 bits i i i Ny i i 2 E N, p1
——# RMP1_1 — —» RMP1_2 +——p
Parity 2 bits ! N, L S N,
—» RMP2 1 H—+———————» RMP2 2 +—»

RV Parameters




HSDPA Hybrid-ARQ %HDE &SCHWARZ

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 Il: retransmission of packet information with
additional or incremental redundanc




&

HSDPA H-ARQ bitmapping ROHDE &SCHWARZ

Systematicé

bit :

s iy : - —» Second To Phvsical

. i | First Virtual Rate HARQ ORI
From Parity 1 b]%ts Rate || IR Buffer | | Matching | _p| Bit- : channel seg.
chapnel Matching (+BitMap* Mapping* (Symbql-level
coding. Parity 2 bits S s e.g. SMP) processing)
RV (Redundancy Version) HARQ Bitmapping
parameter (Constellation Rearr.)

parameter
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HS-SCCH frame structure ROHDE &SCHWARZ

Data
Ndatal bits

4
v

Tsot = 2560 chips, 40 bits

Slot #0 Slot#1 Slot #2
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HSDPA HS-SCCH information ROHDE &SCHWARZ

A HS-SCCH subframe contains the following information:

— Channelization-code-set information (7 bits): Xeos 10 Xoes,2r -+ Xeos, 7
— Modulation scheme information (1 bit): Xms.1
— Transport-block size information (6 bits): Xps, 10 Xlps 2 -0 Xips 6

— Hybrid-ARQ process information (3 bits): Xnap, 15 Xhap,2 Xhap,3




HSDPA SCCH structure
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chs Xms ths

coding

b

Xhap ]

l

Xnd

l

mux

mux

X,

UE specific
CRC
attachment

Channel
Coding 1

Rate
matching 1

UE
specific
masking

Physical
channel
mapping

Yy
Channel
Coding 2

Rate
matching 2

8 Info bits
(codes +

modulation)

8 tail bits

1/3 encoder

Rate
matching

16 bits

13 Info bits

29 bits

37 bits

48 bits

16 bits CRC

8 tail bits

1/3 encoder

111 bits

UE specific masking

Slot #0 Slot #1 Slot #2

Subframe 2 ms

Rate
matching




HS-SCCH & HS-DSCH Code allocation
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Tree offset indicator (4 bits)

012345678 9101112131415

Tt Lttt Lttt Lt L]s
OIS 11 12 (3 |4 |5 |6 |7 |8 |9 |10|11]12]13]14]15|1
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g 102131215 (617 |8 [0 |10l12)5 |4 |3 |2 |1
5 516161666166 |66 [10/10/10/10/10/10
@ SO0y 1213 |4 |56 |7 |8 |9 |10f6 |5 |4 |3 ]2 |1

© 7l lr 7177

1021314510617 |8 |o

8

8

Decoding notation

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

*For one UE a cluster of codes

Number of )
multi-codes can be allocated:
Offset from C Ch,16,0 . C ch,16, O+P-1

left/right in code
tree (SF=16)

Code ‘0" is
reserved for
common

channels \
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HS-SCCH a HS-DSCH modulation sceme ROHDE &SCHWARZ

*HS-DSCH modulation can be: QPSK
16 QAM

depending on the UE category.

*The value of x,¢ 4 is derived from the modulation:
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HS-SCCH & HS-DSCH redundancy version ROHDE &SCHWARZ

RV coding for 16QAM [ x "(value)
0

N|l=|~|~|]O|lO|T

N[Ol WOWIN]|~
Al Al A |la|lO|lm~lJlO|l~]0
N o o o —_ —_ (@) o -
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HS-SCCH & HS-DSCH transport block size ROHDE &SCHWARZ

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

Indicator). TFRI is a 6 bit value: xy,s 1, Xips 20 -+ Xpps 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 K, = 63) is reserved for TrBIkSizes where no mapping
exists in the case of retransmission.

 Examples:
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HS-SCCH a HS-DSCH HARQ info ROHDE &SCHWARZ

— Hybrid-ARQ process information (3 bits): Xnap, 11 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



HSDPA DL timing
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3" Tgot 7680 chips

HS-SCCH

3" Tgor 7680 chips

HS-PDSCH \

HS-DSCH sub-frame

Info:
HSDPA channel
codes,
Modulation
scheme
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HS-DPCCH frame structure ROHDE &SCHWAR2Z
P 1 slot = 2560 chips v 2 slots = 5120 chips _
HARQ-
(N)ACK cal

A
v

subframe 3 slots = 2ms

Subframe #i-1 Subframe #i Subframe #i+1
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UL channel structure ROHDE &SCHWARZ

Chs Bns e I+JQ 2 e

HS-DPCCH % % | S

dddddddd

If N
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UL channel structure ROHDE &SCHWARZ

Cd,1 Bd

DPDCH { { > |

Sdpch,n

Y R
6‘ [+jQ
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ACK/NACK/DTX

|

Channelcoding

CQl value 0..30
(0001..1111)

a,...a

4

Wo---Wg l

Channelcoding

Physical Channel Mapping

HARQ-
(NYACK

bo---byg J,

Physical Channel Mapping
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HS-DPCCH channel coding ROHDE &SCHWARZ

i Mio M; 1 M2 Miz | Mig
[ 0 1 0 0 0 1
1 0 1 0 0 1
2 1 1 0 0 1
1 0 1
CQl value 0..30 Em
ACK/NACK/DTX Q 7 N I T I
(0001..1111) O e B B RO
6 1 1 1 0 1
7 0 0 0 1 1
G0+ 8 1 0 0 1 1
9 0 1 0 1 1
10 1 1 0 1 1
Channelcoding Channelcoding iyl 0 0 1 1 1
12 1 0 1 1 1
: A 13 0 1 1 1 1
14 1 1 1 1 1
W... W, b....b 15 0 0 0 0 1
S 0°"T19 6 | 0 0 0o | o 1
17 0 0 0 0 1
18 0 0 0 0 1
Physical Channel Mapping Physical Channel Mapping 19 0 0 0 0 1




CQI mapping table table
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CQl mapping table for UE categories 1 to 6:

vglc:e .Br;::;g? zr; Nur:ll:r of Mo d:latio Reaf:jf:t(:ez?ger Nir Xrv
PDSCH
9600 | O
9 931 2 QPSK 0
10 1262 3 QPSK 0
11 1483 3 QPSK 0
12 1742 3 QPSK 0
13 2279 4 QPSK 0
14 2583 4 QPSK 0
15 3319 5 QPSK 0

Channel configuration
acc. to CQl
a PER <=10 %
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Constellation Re-arrangement ROHDE & SCHWARZ

X0, x1, x2, x3 a

Constellation version parameter b:

0: x0, x1, x2, x3
1: x2, x3, X0, x1
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® O o o
(1-1-11) (-1-1-1 1)

b=1

(1-111) (1-111)

11-11) (11-11)

(1111) (1111)

® O O @

(11-1-1) (11-1-1) (111-1) (-111-1)

O e e o

(1-1-1-1) (1-1-1-1)  (1-11-1) (-1-1 1-1)

A

® @ O O

, b=0

(11-1-1) (1 11-1) (111-1) (11-1-1)

(1111) (11-11)

o o ® ®
1-1-11) (1-111) (1-111) (1-1-11)

11-11) (1111)

O e e o

(1-1-1-1) (11 1-1) (11 1-1) (1-1-1-1)
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DL Channel Timing ROHDE &SCHWARZ

Any CPICH

P-CCPCH Radio framewith (SFN modulo 2) = 0 Radio framewith (SFN modulo 2) = 1

kith S-CCPCH,__ts-ccporix

PICH for k:th
S-CCPCH
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HSDPA UL HS-DPCCH Timing ROHDE &SCHWARZ

Taot 2560 chips
+«——>

Uplink DPCH - Slot#1 | Slot#2 | Slot#3 | Slot#4 | Slot#5 | Slot#6 | Slot#7 | Slot#8 | Slot#9 | Slot #10! Slot #11} Slot #12

3" Tygo 7680 chips

tuer » 19200 chips

A

Uplink HS-DPCCH | |




HSDPA timing ROHDE &SCHWARZ

| 1 Radio Frame =10 ms

P-CCPCH

| 2slots
oo <% \

—» <—T_dpch_offset

DL-DPCH

Tx_Diff

- [
- -
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HSDPA CQI scheduler ROHDE &SCHWARZ

HSDPA scheduler
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Adaptive modulation and coding (AMC)

Tests 1&2 2codesx4TS

—— QPSK 253
—— QPSK 282
—— QPSK 315
—— QPSK 351
QPSK 391
QPSK 436
— QPSK 487
QPSK 543
——— QPSK 605

QPSK 675
—— 16-QAM 712

1200

(swely-gns/syq) indybnoay |

200 - ----—----
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Stop and Wait Protocol (SAW) ROHDE &SCHWARZ

Network

ACK/NACK

——
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HSDPA N-channel SAW ARQ scheduler ROHDE &SCHWARZ

HSDPA scheduler
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HSDPA N-channel SAW ARQ ROHDE &SCHWARZ

UL DPCCH UE1

UL DPCCH UE2

UE1 HARQ
channel 1

UE1 HARQ
channel 2

UE1 HARQ
channel 3

UE1 HARQ
channel 4
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HSDPA N-channel SAW ARQ ROHDE &SCHWARZ

I/-| 7
]

UL DPCCH UE1

UL DPCCH UE2

UE1 HARQ UE1 HARQ UE1 HARQ UE1 HARQ
channel 1 - channel 2 - channel 3 - channel 4




HSDPA UE Capability
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HS-DSCH category

Maximum
number of HS-
DSCH codes
received

Minimum
inter-TTI
interval

Maximum number of
bits of an HS-DSCH
transport block
received within
an HS-DSCH TTI

Total number
of soft channel
bits

Category 9

20251

Category 2 5 3 7298 28800
Category 3 5 2 7298 28800
Category 4 5 2 7298 38400
Caegys | 5 | 1 | 78 | stew |
Category 6 5 1 7298 67200
Category 7 10 1 14411 115200
Category 8 10 1 14411 134400
1

172800

7 Mbps class 10 Mbps class
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HSDPA — UE Testing
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HSDPA — UE Testing -RF- ROHDE &SCHWARZ

Measurement Set-up FRC*, HS-SCCH performance AWGN |
 Generator
HS-DSCH—> | :
12.2kbps DL_» ................ ATT = attenuator
System Simulator DTCH /DCCH ,\ Ioc HYB = hybrid combiner
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HSDPA — UE Testing -RF- ROHDE &SCHWARZ

Measurement Set-up cQl reporting SE————
~ AWGN
. Generator
HS-DSCH —> I ..................... :
HS-SCCH—> ATT2
12.2kbps DL_) L ATT = attenuator
System Simulator DTCH/DCCH 1, HYB = hybrid combiner

X

UE Measurement B E R
)

Report
cQl
L—RX




HSDPA — UE Testing -RF- %HDE &SCHWARZ

HS-DSCH category Corresponding
requirement
Category 1 H-Set 1
Category 2 H-Set 1
Category 3 H-Set 2
Category 4 H-Set 2
Test Propagation Reference value
Category 5 H-Set 3 Numbe | Conditions
r (dB) =0dB =10dB
Category 6 H-Set 3
Category 11 H-Set 4 1 PA3 8 &5 Sl
Category 12 H-Set 5 '3 N =)
-6 23 181
2 PB3
-3 138 287
-6 22 190
3 VA30
-3 142 295
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HS-DSCH category Corresponding Parameter Unit Value
requirement . .
Nominal Avg. Inf. Bit Rate kbps 534 777
Inter-TTI Distance TTI's 3 3
Number of HARQ Processes Proce 2 2
Category 3 H-Set 2 sses
Category 4 H-Set 2 Information Bit Payload Bits 3202 4664
Category 5 H-Set 3 Number Code Blocks Blocks 1 1
Category 6 H-Set 3 Binary Channel Bits Per TTI Bits 4800 7680
Category 11 H-Set 4 Total Available SML’s in UE SML'’s 19200 19200
Category 12 H-Set 5 Number of SML’s per HARQ Proc. SML’s 9600 9600
Coding Rate
Inf. Bit Payload 0.67 0.61
CRC Addition 3202 24|CRC
SR Number of Physical Channel Codes Codes 5 4
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HSDPA — UE Testing -Protocol- ROHDE &SCHWARZ

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




HSDPA — UE Testing -Protocol-
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Higher RAB/Signalling RB RAB

layer

RLC Logical channel type DTCH
RLC mode AM
Payload sizes, bit 320 (alt. 640)
Max data rate, bps depends on UE category

NOTE1

AMD PDU header, bit 16

MAC MAC-d flow ID 0
MAC-d header, bit 0
MAC multiplexing N/A
MAC-d PDU size, bit 336 (alt. 656)
MAC-hs header fixed part, bit 21
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HSDPA — UE Testing -Protocol- ROHDE &SCHWARZ

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




HSDPA — UE Testing -Protocol- ROHDE &SCHWARZ

Hiaher | avar PNLI | Hiaher | aver PDUI | Higher Layer Loop back point for
e | e P erloer |
| ] UE test loop mode 1
|
Reassembly ! RI C SN RLC SDU
A i I W
v | T
) << ~ - ; - L2RLC
Segmentation S~oo S~ o .
= (non-transparent)
& RLc | |

I T
: |

P P

1 C- - | MACd -

Il_'\_ﬂli_ti_ MAC-d SDU i ______ MAC-d SDU L2 MAC-d

| [ (non-transparent)

MAC-d PDLI MAC-d PDLI
i
MAC-hs ! MAC-hs SDU MAC-hs SDU

Transnort Rlack (MAC-hs PDLIN
Loop back point for

UE test loop mode 2
CRC
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HSDPA — Node B Testing
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HSDPA — Node B Testing ROHDE &SCHWARZ

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
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UMTS — OSI structure ROHDE &SCHWARZ
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Protocol termination for dedicated connection ROHDE &SCHWARZ

RRC | €— — % Rre Protocol termination for
RLC g > RIC dedicated control
MAC |« > MAC
< > PHY
o
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Protocol termination for HSDPA ROHDE &SCHWARZ
RLC e T Ric Protocol termination for
MAC ¢ MAC control plane

MAC 4 MAC

PHY <4 | PHY

UE Node B SRNC
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HSDPA Architecture ROHDE &SCHWARZ
UE Node B SBNC
NAS
| RLC
RLC MAC-d — lu
MAC MAC-hs Frame | Frame
protoco protocol
WCDMA L1 WCDMA L1 Transport Transport

e |ub/lur —
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MAC-hs Node B ROHDE &SCHWARZ
[ moev ]

Logical Channel | |
MAC-d
MAC-d flows | Scheduli |
. cheauling.
| — — «CQl analysis

MAChs /~ *Priority handling

. L] >
Scheduling/Priomt handmg
Priority Queue
distribution

|

Priority Priority Priority /

Queue Queue Queue

MAC - Control

*Re-ordering Queue selection
*HARQ process

\
N L ] /'K *RV selection J

| |

HARQ enity — *TFRC selection:
*Transportblock size
[ TFRe seecton ‘Number of physical channels

MAC- hs header| MAC- hs SDU Padding (opt
Mac- hs payload
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HSDPA Data Unit ROHDE &SCHWARZ

Flag
VF: Version Flag SID: No. of (_=10ff0" nexlt S('jD
(= 0 for R5) Size Index | | MAC-D PDUS/ payload)
VF |Queve | TSN | sD,7| N, Folsm, | & | B [---- s | N | R

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

Mac-hs payload
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MAC-hs UE ROHDE &SCHWARZ
[ moey ]

Logical Channel

Disassembly

'liiiﬁiﬁ'

Re-ordering queue distribution

HARQ

MAC - Control

-

ool [ e[ ]

MAC- hs header| MAC- hs SDU Padding (opt
Mac- hs payload



