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1 Introduction

Various HARQ schemes has been proposed for High Speed Data Packet Access (HSDPA) in 3GPP RSG RAN1. Two most popular schemes are Chase Combining and Incremental Redundancy.

The channel-coding scheme that is adapted [1] for HSDPA is turbo coding with 1/3 coding rate as release 99. The coded data is then ratematched (punctured or repeated) according to a predefined ratematching pattern (P matrix) as shown on Fig 1.

In this document, we compare the performance of Chase Combining and various Incremental Redundancy Schemes for 16-QAM under Additive Gaussian Noise Channel (AWGN) and Rayleigh Channel. The simulations performed here lead us to show that the chase combining is superior to the partial IR for a ½ rate code system. We also note that, based on the performance deviation amongst the prevailing Incremental Redundancy (IR) techniques, simulations are needed to establish the baseline. The current observations indicate that Full IR has outperformed Partial IR and Chase combining for ¾ rate code system. Furthermore, we also propose an improved Full IR where in the third transmission the systematic bits are repeated.
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Figure 1. Rate Matching Block.

2 Simulation Assumptions

Parameters
Values

Carrier Frequency
2GHz

Propagation conditions
AWGN, 1-Path Rayleigh

Vehicle Speed for Flat Fading
3kmph

CPICH power
-10dB (10%  of  Tx power  at NodeB)

DSCH power
-1dB (80%  of  Tx power  at NodeB)

Closed loop Power Control
off

HSDPA frame Length
2 ms

Spreading factor (SF)
16
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Variable

Channel Estimation
Ideal

Fast fading model
Jakes spectrum

Channel coding
Turbo code, rate ½, ¾.

Tail bits
6

No. of iterations for Turbo Coder
8

Metric for Turbo Coder
Max

Input to Turbo Decoder
Soft

Number of Rake fingers
1

Hybrid ARQ
Chase Combining and various IR

Max  No. of retransmissions for H-ARQ
2

Information Bit Rates (Kbps)
As shown on Table 1.

Number of Multicodes Simulated
1 

TFCI model
None

STTD
Off

Other L1 Parameters
As Specified in Release-99

Table 1. Number of bits for each block
MCS
Modulation
Rate
InfoBits

(User  Data)

CRC Bits

Info+CRC

Enced Bits

Punced Bits

TailBit

Dummy Bits

OutPut Bits
Info Rate(Kbps)

5
16-QAM
½
933
24
957
2883
1914
6
0
1920
466.5

6
16-QAM
¾
1410
24
1434
4314
1912
6
2
1920
705.0

3 Simulation Results 

3.1 Chase Combining (CC) 

This scheme [2] is to send a number of identical packets and combine  them by appropriate weighting prior to decoding at the receiver. Fig 2a and 2b show simulation results of symbol level Chase combining under AWGN channel for ½ rate coding with puncturing matrix, 
[image: image3.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

101010

010101

111111

1

P

  and  for ¾ rate coding with puncturing matrix, 
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         Figure 2a  FER of Symbol level Chase combing  for 16-QAM (½ rate coding) under AWGN channel 
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Figure 2b. FER of Symbol level Chase combing for 16-QAM (3/4 rate coding) under AWGN channel.

3.2 Partial IR (PIR)

The Coded data and additional redundant information is transmitted if the decoding fail on the first attempt. Each transmission contains systematic bits and different set of parity bits and is restricted to be self-decodable.

Coding Rate ½ [3][5]: The systematic bits and some of the parity bits are sent in the first attempt. In the second transmission, same systematic bits and all remaining parity bits are sent. If further retransmissions are required, the same sequence is repeated. At the receiver, bits are added bit-wise to the corresponding stored bits. Fig 3 shows simulation results of Partial IR with ½ rate coding using the following puncturing matrix:
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        Figure 3. FER of Partial IR  for 16-QAM (½ rate coding) under AWGN channel
Coding Rate ¾ [5]: In this case, the first transmission comprises the systematic bits and a set of parity bits. In the retransmissions, the same systematic bits and different set of parity bits are sent. The same sequence is repeated if the process is completed, and bits are added bit-wise to the corresponding stored bits. In general, there are two possible methods of puncturing patterns.  One possibility is to continue until all the parity bits are sent. Alternatively, instead of continuing, stop the processing before all parity bits are sent and repeat same process for further retransmissions. Examples of puncturing matrix for both methods and their simulation results are shown below. 

Method1:
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Method2: 
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   Figure 4. FER of Partial IR  for 16-QAM (3/4 rate coding) under AWGN channel.
3.3 Full IR (FIR)

Contrary to the PIR, in FIR, if the decoding fails an additional redundant information is incrementally transmitted. The additional information is usually unsent parity bits, that means the retransmissions are not self-decodable. The Data length for additional information does not have to be the same as previous transmissions. However, we only consider equal data length for frame format simplicity. 

Coding Rate ¾ [3][4]:The systematic bits and some parity bits are sent at the first attempt. In the retransmissions, a set of new parity bits is incrementally sent from the remaining parity bits. Three possible methods of puncturing patterns and their simulation results are shown below.
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Method2 : 
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       Figure 5a. FER of Full IR  for 16-QAM (3/4 rate coding) under AWGN channel.

Here we propose an improved full IR solution where we repeat sending systematic bits as well as any remaining parity bits in the third transmission, as shown in method 3.

Method3: 
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Figure 5b. FER of Full IR Method 3 and Method 1 for 16-QAM (3/4 rate coding) under AWGN channel.

4 Chase combining vs Incremental Redundancy  on AWGN Channel
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            Figure 6a. FER comparison of CC and PIR (1/2 rate  coding)

[image: image31.png]10°

Bas oy

34 rate coding LS

Y by

3

o it

10 *\\
FER b
i i

107 = Isttx i
-o— 2nd tx PIR Method1 |

= 2nd 1x Chase Cormb 4

o 3rd tx PIR Methodl B

1] It Chase Comb
KT} IS 2
ortdoe





        Figure 6b. FER comparison of CC and PIR (3/4 rate  coding)
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        Figure 6c. FER comparison of CC and FIR Method 3 (3/4 rate  coding)
Figures 6.a through 6.d show the comparative performance of chase combining, Partial IR and Full IR for various coding rates for AWGN channels. Based on the studies, the following observations were derived.

· For ½ rate coding, Chase combining is noted to outperform the Partial IR

· For ¾ rate coding, Full IR outperforms Partial IR

· For ¾ rate coding, Chase combining outperforms Partial IR

· For ¾ rate coding, an improved Full IR outperforms Chase combining in the second transmission, but chase combining performs better in the third transmission.

5 CC vs FIR  under Rayleigh Channel
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Figure 7a. FER comparison of Chase combining and Full IR (Method 3)  under 1-Path Rayleigh channel at UE speed of 3kmph.

[image: image34.png]Be+05

[

5

4405

ES

Throughput (bits/sec)

5

1e+405

fi = Jnph
16-QAM
374 rate coding

stz

-o— 2nd tx FIR Method3
- 2nd tx Chase Comb
o 3rd s FIR Method 3
o 3rd tx Chase Comb

37FE @ 0 12 14 16 18 2
Jort foc




 Figure 7b.Throughput comparison of Chase combining and Full IR (Method 3)  under 1-Path Rayleigh channel at UE speed of 3kmph.

The throughput (T) is calculated as:
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Where 
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 is the transmitted information bit rate, 
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 is the residual Frame Error Rate and 
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 is the average number of transmission attempts.

6 Conclusions:

This contribution outlined the performance comparison of Chase Combining and various Incremental Redundancy Schemes for 16-QAM. Based on the simulations, the following issues were highlighted.

· Chase Combining outperforms Partial IR for ½ rate code system under AWGN channel.

· Under AWGN channel, Full IR outperforms Chase Combining for ¾ rate code system in the second transmission and vice versa in the third transmission.

· Under Rayleigh channel at UE speed of 3kmph, Full IR outperforms Chase Combining all the time. This was reflected from both Frame Error Rate (FER) and throughput analysis.

Whilst further results are being prepared for 30kmph and 60kmph, if RAN1 intends to standardise Full or Partial IR then we propose our Method 3 as a promising candidate for IR H-ARQ.
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