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1 Introduction

In this contribution, we provide the analysis of RV signalling for 64QAM, which leads to the proposal shown in table 1. The focus is on the non-MIMO 64QAM, hence Rel-5 compliant signalling is assumed (1 bit NDI + 3 bit RV).
2 Simulation Results

2.1 Simulation Methodology

We compared the BLER performance that can be achieved with the following 3 RV tables:
A. Applying an unconstrained RV table, which is allowed to include all combinations of the parameters s and r ( {0, 1} and the constellation parameter b ( {0, 1, 2, 3}. Constellation versions are as proposed in [1]. This yields a 16-entry table. With this approach, we can gauge what the HARQ performance bound is and use it as a reference for other proposals employing RV tables limited to 8 entries.
B. Reusing the existing 8-entry 16QAM RV table for 64QAM [3]. Constellation versions are as proposed in [1].

C. Limiting the number of constellation versions to 2, i.e. s, r, b ( {0, 1}, which also leads to an 8-entry RV table. The constellation versions are the first two of [1][2].

For each of the above approaches, we searched for the optimum (in terms of BLER) RV sequence for up to 4 HARQ attempts, for coding rates of 1/2, 2/3, 3/4 and 5/6, which we believe to be most relevant for 64QAM. We did not perform a fully exhaustive search; instead we employed a heuristic approach to limit the simulation effort. Nevertheless, a significant number of options was evaluated for each approach A, B and C, which gives us a high confidence that the optimum was found. Rel-5 HSDPA rate matching was used in the simulations with 
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, the same as for 16QAM.
2.2 Simulation Results and Discussion

The simulation results are shown in the following plots, where blue denotes the 2nd, red denotes the 3rd and magenta denotes the 4th transmission BLER. 1st transmission BLER is identical for all approaches and therefore not shown. The following can be observed:
· The differences between approaches A, B and C are very small, and become visible at the 3rd or even 4th HARQ attempt.

· Approach B (4 CoRe, reusing 16QAM RV table) generally offers an improvement over approach C (2 CoRe); although isolated examples were found where this was not the case.
· Approach A performed best, as expected. It was found to offer an improvement of 0.1–0.25 dB over approach B for some of the tested coding rates.

After the simulations, the union of those RVs (out of the total of 16) that were actually selected in Approach A simulations was collected in a table. This lead to the remarkable finding that this only contained 7 entries, as shown in table 1, and the conclusion that the optimum can be achieved with a table limited to 8 entries and therefore compliant with the 3-bit Rel-5 RV signalling. One remaining issue is selecting the remaining 8th entry. One possibility is to choose the s, r, b triplet 1, 1, 2, which should be beneficial for partial incremental redundancy (RV 7a in table 1). Another possibility is the s, r, b triplet 1, 0, 3, i.e. introducing the 4th constellation version, which may be useful if more that 4 HARQ attempts take place (RV 7b in table 1). For the sake of comparison, the Rel-5 16QAM table is also shown in table 2. 
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Figure 1  Simulation results for CR = 1/2 and 2/3.
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Figure 1  Simulation results for CR = 3/4 and 5/6.
Table 1  Proposed RV coding for 64 QAM. Rows not present in the 16 QAM RV table are shown in bold. The ‘spare’ row is  highlighted in yellow.
	Xrv (value)
	s
	r
	b

	0
	1
	0
	0

	1
	0
	0
	0

	2
	0
	1
	0

	3
	1
	0
	1

	4
	0
	0
	1

	5
	1
	1
	1

	6
	1
	0
	2

	7a
	1
	1
	2

	7b
	1
	0
	3


Table 2  RV coding for 16 QAM [3].
	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


3 Proposal
Based on the above analysis, we propose that table 1 is adopted for RV coding for 64 QAM. In our view, RV 7a is slightly preferable to RV 7b, as it reduces the number of test cases for constellation rearrangement.
Annex: Simulation Assumptions

Table 3  Simulation parameters

	Parameter
	Value
	Unit
	Comment

	turbo decoding algorithm
	max log map
	
	

	# turbo decoding iterations
	8 
	
	

	max # HARQ transmissions
	4
	
	including 1st transmission

	channel
	static
	
	

	channel estimation
	perfect
	
	

	Transport block size (TBS)
	1692, 2280 2568, 2856
	bit
	CR: 1/2, 2/3, 3/4, 5/6 (64QAM)

	CRC length
	24
	bit
	

	Ndata
	3456
	bit
	576 symbols

	FEC
	turbo
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