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1 Introduction
In the last RAN WG1 meeting in [1] among other it was proposed to change the signaling table containing combinations of redundancy versions and constellations for 16‑QAM. In this contribution the performance of HARQ with various combinations of redundancy and constellation versions - including the proposal in [1] - is analyzed. Simulations have been carried out for various code rates and as well for partial IR operation as for full IR operation. Results show that with the currently defined combinations of redundancy and constellation versions for full IR operation the same performance can be achieved as proposed in [1]. For partial IR a small change to the current redundancy and constellation version signaling could enhance the performance from 3rd retransmission by 0.2 to 0.3 dB. Although the gain of the proposed change is small, it does not add any complexity and does not affect RAN4 simulation assumptions.

2 Simulation Results

In order to find a suitable set of redundancy and constellation versions for 16-QAM a performance comparison of several combinations of redundancy versions (RVs) and constellations for HARQ has been carried out. The comparison has been performed for various code rates (puncturing rates @ 2nd rate matching stage).

As pointed out in [2] and [3] depending on the puncturing rate of the 2nd rate matching either Chase Combining (CC), Partial IR or Full IR operation shows best performance (Table 1).

In this analysis the following assumptions have been made (more detailed simulation assumptions are provided in Annex A):

· CC has not been considered, since the definition of CC + Constellation Rearrangement is straightforward (same RV combined with 4 possible constellations).

· The 1st stage of the 2‑stage rate matching has been omitted. It is assumed that the HARQ performance mainly depends on the puncturing rate of the 2nd rate matching.

· The transport block size, the modulation scheme and the number of multi-codes has not been changed for retransmissions. 

	Overall Code Rate
	Puncturing Rate of 2nd RM
	Best Performing Scheme(s)

	0.33
	0 %
	CC

	0.37
	10 %
	CC

	0.42
	20 %
	CC / Partial IR

	0.50
	33 %
	Partial IR

	0.58
	43 %
	Full IR

	0.67
	50 %
	Full IR

	0.75
	56 %
	Full IR


Table 1.
Best performing HARQ schemes depending on the puncturing rate of 2nd rate matching (transparent 1st rate matching stage).

2.1 Performance for Partial IR

Here, partial IR is referred to as transmitting only redundancy versions, which are guaranteed self‑decodable, i.e. all transmitted RVs contain all systematic bits. According to the simulation assumptions in Annex A these are all RVs with s = 1 (RV0, RV2). Moreover, according to current specification RV0 can be transmitted with any constellation (Xrv = 0, 4, 5, 6), RV2 can be transmitted with constellations b = 1, 0 (Xrv = 2, 7) (Table 5 in Annex B). 

Table 2 shows a comparison of the best performance achievable with the current specification and the performance achieved by a slightly modified Xrv signaling table according to Table 6 in Annex B (using constellation b = 3 instead of b = 0 for Xrv = 7). For partial IR operation the redundancy and constellation versions are then identical to the signaling proposal in [1] (Table 7 in Annex B). A gain of 0.2 - 0.3 dB for the 4th transmission is achieved.

	Overall Code Rate
	Puncturing Rate of 2nd RM
	Best Scheme with current Spec
	Scheme with modified RV Signaling

	0.42
	20 %
	1st TX
	RV0 (b = 0)
	0.00
	RV0 (b = 0)
	0.00

	
	
	2nd TX
	RV2 (b = 1)
	0.00
	RV2 (b = 1)
	0.00

	
	
	3rd TX
	RV0 (b = 3)
	0.00
	RV0 (b = 2)
	0.00

	
	
	4th TX
	RV2 (b = 0)
	0.00
	RV2 (b = 3)
	0.30

	0.50
	33 %
	1st TX
	RV0 (b = 0)
	0.00
	RV0 (b = 0)
	0.00

	
	
	2nd TX
	RV2 (b = 1)
	0.00
	RV2 (b = 1)
	0.00

	
	
	3rd TX
	RV0 (b = 3)
	0.00
	RV0 (b = 3)
	0.00

	
	
	4th TX
	RV2 (b = 0)
	0.00
	RV2 (b = 3)
	0.20


Table 2.
AWGN gain in [dB] @ 10 % frame error rate for scheme with modified redundancy and constellation signaling vs. current specification for partial IR operation.

2.2 Performance for Full IR

Here, full IR is referred to as allowing to transmit any redundancy version for a retransmission with the constraint that every 2nd retransmission is guaranteed self‑decodable (contains all systematic bits).

Table 3 shows the performance achievable with the current specification (and the modified RV signaling according to Table 5 in Annex B) compared to the performance obtained with the signaling table proposed in [1] (Table 7 in Annex B). Note, that the best performance according to current specification (and proposed modified table) is achieved when using Xrv = 5 (RV0 and constellation b = 2) for initial transmission. The RV parameter eini has been calculated according to current specification. All schemes have very similar performance (all results are within 0.15 dB).

Applying the eini calculation according to the proposal in [1] we found the same relative behaviour between the schemes as shown in Table 3. However, all results show a slight absolute gain of 0.05 – 0.2 dB depending on the code rate and the transmission number.

	Overall Code Rate
	Puncturing Rate of 2nd RM
	Best Scheme with current Spec (starting with b = 0)
	Best Scheme with current Spec
	Proposed Scheme in [1]

	0.58
	43 %
	1st TX
	RV0 (b = 0)
	0.00
	RV0 (b = 2)
	0.00
	RV0 (b = 0)
	0.00

	
	
	2nd TX
	RV1 (b = 0)
	0.00
	RV1 (b = 0)
	0.05
	RV1 (b = 1)
	0.00

	
	
	3rd TX
	RV2 (b = 1)
	0.00
	RV2 (b = 1)
	0.15
	RV2 (b = 3)
	0.00

	
	
	4th TX
	RV3 (b = 1)
	0.00
	RV3 (b = 1)
	0.15
	RV3 (b = 2)
	0.15

	0.67
	50 %
	1st TX
	RV0 (b = 0)
	0.00
	RV0 (b = 2)
	0.00
	RV0 (b = 0)
	0.00

	
	
	2nd TX
	RV1 (b = 0)
	0.00
	RV1 (b = 0)
	0.00
	RV1 (b = 1)
	0.00

	
	
	3rd TX
	RV2 (b = 1)
	0.00
	RV2 (b = 1)
	0.05
	RV2 (b = 3)
	0.00

	
	
	4th TX
	RV3 (b = 1)
	0.00
	RV3 (b = 1)
	0.05
	RV3 (b = 2)
	0.05

	0.75
	56 %
	1st TX
	RV0 (b = 0)
	0.00
	RV0 (b = 2)
	0.00
	RV0 (b = 0)
	0.00

	
	
	2nd TX
	RV1 (b = 0)
	0.00
	RV1 (b = 0)
	0.00
	RV1 (b = 1)
	0.00

	
	
	3rd TX
	RV2 (b = 1)
	0.00
	RV2 (b = 1)
	0.00
	RV2 (b = 3)
	0.00

	
	
	4th TX
	RV3 (b = 1)
	0.00
	RV3 (b = 1)
	0.10
	RV3 (b = 2)
	0.10


Table 3.
AWGN gain in [dB] @ 10 % frame error rate vs. current specification (starting with b = 0) for full IR operation.

3 Summary and Conclusion
In this contribution we compared the 16‑QAM HARQ performance based on redundancy and constellation version signaling according to:

· current specification

· a slightly modified redundancy and constellation version signaling (b = 3 instead of b = 0 for Xrv = 7)

· redundancy and constellation version signaling as proposed in [1]
The analysis shows that a modification of the currently specified 16-QAM redundancy and constellation version signaling can slightly improve HARQ performance. The achievable HARQ performance based on the signaling proposed in [1] and based on the modification shown in this contribution is very similar. Since the modification shown in this contribution does not add any complexity and does not affect RAN4 test cases, we propose to change the redundancy and constellation version signaling in the specification accordingly [4].

4 References

[1]
R1-01-0619, Texas Instruments, “Optimization of the Redundancy Versions for HARQ Functionality,” 3GPP TSG RAN WG1, Paris, France, April 9th-12th 2002.

[2]
R1-01-0273, Panasonic, “DL Signaling for 2‑Stage Rate Matching and Constellation Rearrangement,” 3GPP TSG RAN WG1, Orlando, USA, February 18th-22nd 2002. 

[3]
R1-01-0276, Siemens, “Signalling of Redundancy Versions and Constellation Rearrangement for HSDPA,” 3GPP TSG RAN WG1, Orlando, USA, February 18th-22nd 2002. 

[4]
R1-01-0773, Panasonic, “Redundancy and constellation version signaling for 16-QAM,” 3GPP TSG RAN WG1, Gyeongju, Korea, May 13th-16th 2002. 

Annex A

	Chip-rate
	3.84Mcps
	

	Spreading Factor
	16
	

	Number of codes for HS-DSCH
	1
	

	Channel Model
	AWGN
	

	Carrier Frequency
	2 GHz
	

	Channel Estimation
	Ideal
	

	TTI Length
	2 ms (3 slots)
	

	# Iterations for Turbo Decoding
	8
	

	Turbo Decoder Metric
	MAX Log
	

	STTD
	Off
	

	Channel Coding
	Rates 0.42, 0.5, 0.58, 0.67, 0.75
	Generated from rate 1/3 Turbo Code

	Modulation
	16-QAM
	1920 channel bits per TTI

	HARQ Bit Collection
	Priority to systematic bits
	According to 25.212

	Interleaving
	2 parallel R’99 Interleavers
	According to 25.212

	HARQ Redundancy Versions
	RV
	s
	r
	Omitted 1 Stage, full code available at 2nd stage

According to 25.212 

	
	RV0
	1
	0
	

	
	RV1
	0
	0
	

	
	RV2
	1
	1
	

	
	RV3
	0
	1
	

	Constellation Rearrangement
	b
	According to 25.212 (Table 11)


Table 4.
List of simulation parameters.

Annex B

	Xrv (value)
	s
	r
	b

	0
	1
	0
	0

	1
	0
	0
	0

	2
	1
	1
	1

	3
	0
	1
	1

	4
	1
	0
	1

	5
	1
	0
	2

	6
	1
	0
	3

	7
	1
	1
	0


Table 5.
RV Coding according to 25.212.

	Xrv (value)
	s
	r
	b

	0
	1
	0
	0

	1
	0
	0
	0

	2
	1
	1
	1

	3
	0
	1
	1

	4
	1
	0
	1

	5
	1
	0
	2

	6
	1
	0
	3

	7
	1
	1
	3


Table 6.
Slightly modified proposed RV Coding.

	Xrv (value)
	s
	r
	b

	0
	1
	0
	0

	1
	0
	0
	1

	2
	1
	1
	3

	3
	0
	1
	2

	4
	1
	0
	1

	5
	1
	0
	2

	6
	1
	0
	3

	7
	1
	1
	1


Table 7.
RV Coding according to proposal in [1].



























































































































































































































































































































































































































































































































































































































































































6
3

