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1. Introduction
In this contribution, we provide simulation results to assess the performance of various RV definition schemes in the context of the ‘signalled RV’ approach, where the RV is explicitly signalled as part of the scheduling grant.
2. Overview of RV Schemes
Scheme 1: This is the current RV definition in [1]. The offsets defining the redundancy versions are placed at 
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 is the subblock interleaver size in [1] section 5.1.4.1.1. Bits are read out of the virtual circular buffer in the forward direction.
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Scheme 2: This was proposed in [3]. The offsets defining the redundancy versions are placed at 
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. Bits are read out of the virtual circular buffer in the forward direction for RV = 0, 2 and in the reverse direction for RV = 1, 3.
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Scheme 3: This was proposed in [4]. The offsets defining the redundancy versions are placed at 
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. Bits are read out of the virtual circular buffer in the forward direction. In order to reduce the signalling overhead no NDI bit is present. Instead, RV = 0 is used to denote a new transmission, and only RV = 1, 2, 3 can be used for retransmission.
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Scheme 4: This can be thought of as a hybrid of schemes 2 and 3. The offsets defining the redundancy versions are placed at 
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. RV = 0 is used to denote a new transmission, and only RV = 1, 2, 3 can be used for retransmissions. Bits are read out of the virtual circular buffer in the forward direction for RV = 0, 2 and in the reverse direction for RV = 1, 3.
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Scheme 5: This was proposed in [5]. The offsets defining the redundancy versions are placed at 
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. Bits are read out of the virtual circular buffer in the forward direction. RV = 0 is used to denote a new transmission, and only RV = 1, 2, 3 can be used for retransmissions.
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3. Summary of Simulation Results
In this section, we summarize the simulation results comparing the performance of the above RV definition schemes. The simulations were performed in the static channel with AWGN for code block size equal to 2048 bits.
The following table summarizes the relative performance of different schemes; the numbers shown were rounded to 0.1 dB. 
	coding rate
	# of HARQ attempts
	Performance loss compared to best scheme (out of schemes 1–5), dB

	
	
	Scheme 1
	Scheme 2
	Scheme 3
	Scheme 4
	Scheme 5

	0.4
	2
	0.0
	0.0
	0.0
	0.0
	0.0

	
	3
	0.0
	0.0
	0.0
	0.0
	0.0

	
	4
	0.0
	0.0
	0.0
	0.0
	0.0

	0.5
	2
	0.0
	0.0
	0.0
	0.0
	0.0

	
	3
	0.0
	0.0
	0.0
	0.0
	0.0

	
	4
	0.0
	0.0
	0.0
	0.0
	0.0

	0.6
	2
	0.0
	0.0
	0.2
	0.0
	0.0

	
	3
	0.0
	0.0
	0.0
	0.0
	0.0

	
	4
	0.0
	0.0
	0.1
	0.0
	0.0

	0.667
	2
	0.0
	0.0
	0.4
	0.0
	0.2

	
	3
	0.0
	0.0
	0.0
	0.0
	0.0

	
	4
	0.0
	0.0
	0.2
	0.0
	0.1

	0.7
	2
	0.0
	0.0
	0.4
	0.0
	0.1

	
	3
	0.0
	0.0
	0.0
	0.0
	0.0

	
	4
	0.0
	0.0
	0.2
	0.0
	0.0

	0.8
	2
	0.0
	0.0
	0.3
	0.0
	0.0

	
	3
	0.1
	0.1
	0.0
	0.0
	0.0

	
	4
	0.0
	0.0
	0.1
	0.0
	0.0


4. Conclusion
We can draw the following conclusions from the simulation results:
· The performance differences between different RV schemes are small or negligible, perhaps with the exception of Scheme 3.

· No performance difference was observed between the proposals not combining NDI and RV (scheme 1 and 2).
· Out of the proposals combining NDI with RV signalling, Scheme 3 is clearly the poorest one. Schemes 4 and 5 are very close, although for coding rates around CR = 2/3, it is possible to achieve small gains with scheme 4.
· It is possible to combine NDI and RV signalling without affecting HARQ performance (schemes 4, 5 vs. schemes 1, 2).
Note that Schemes 2 and 4, involving reverse reading from the VCB, can be converted to forward-reading by simply pre-calculating the end position of the reverse read, and then reading forward from that position. For implementation simplicity, such pre-calculation should operate with VCB column granularity; since this is high (1%), we do not expect it to incur noticeable performance penalties. On the other hand, Scheme 5 is nearly equivalent to Scheme 4 in terms of performance, without the need for such pre-calculation.
Annex A  Detailed Simulation Results

Since, in all cases, the 1st HARQ attempt uses RV=0 identical for all schemes, the plots below show the performance corresponding to HARQ attempts 2, 3, and 4 (0.5, 0.33 and 0.25 of maximum throughput, respectively). For each scheme, an optimal RV sequence was selected based on short simulation runs. QPSK was used.
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Figure 1  HARQ simulation results.

References

[1]

3GPP TSG RAN TS 36.212 v8.0.0 “Multiplexing and Channel Coding”.

[2]

3GPP TSG RAN TS 25.212 v7.5.0 “Multiplexing and Channel Coding (FDD)”.

[3]

R1-073563, “Redundancy version definition for DL-SCH”, Samsung.
[4]

R1-073751, “On open issues channel coding”, Ericsson.
[5]

R1-073849, “RV and NDI Definition”, Motorola.

















































































































































































58  RV(2)





RV(0) &  NDI





86  RV(3)





30  RV(1)





2





95





0









_1252761296.unknown

_1252762008.unknown

_1252763100.unknown

_1252763111.unknown

_1252763121.unknown

_1252762017.unknown

_1252761314.unknown

_1252761364.unknown

_1252761305.unknown

_1252761272.unknown

