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1 Introduction

In order to minimize the RV signalling overhead for dual stream MIMO, a reduction of NDI+RV signalling bits from 4 to 2 has been suggested [1]. In this document, we propose a way of implementing this.
Although any of the 8 redundancy versions can be used for a given HARQ process in Rel-5 HSDPA, it is well known that in practice the RV sequence can be optimized (in terms of throughput), depending on the coding rate. Other, less optimal retransmission strategies are of course also possible, e.g. from the point of view of the protocol error rate or hardware limitations. However, the motivation for such strategies is probably weaker when one aims for high peak rates, as is the case with MIMO.
Thus, depending on the initial coding rate, we identify a subset of RVs with the intention of optimizing the BLER performance for the initial 4 HARQ attempts (as 2-bit signalling permits).

2 Proposal
The proposal is shown in tables 1 and 2 below. We identify the following alternative:

Option (a): Within the RV subset for a given modulation and coding rate, the Node B retains a degree of freedom in choosing the RV order. For example, with QPSK and 1/2 ≤ Nsys / Ndata < 3/4:

· Redundancy Version Pointer (RVP) 0, indicating RV index 0, must be used for the 1st HARQ attempt. It may also be used in any following HARQ attempt to command a buffer flush in the UE.

· RVP of 1, 2 or 3 (indicating RV index 3, 4 or 7 respectively) may be used in any kth HARQ attempt for k > 1; row 3 (a) in tables 1 and 2 applies.
Option (b):  The Node B has no freedom in choosing the RV order and simply follows the pre-defined sequence. This is an HSUPA-like approach (but non-synchronous), with RV linked to RSN.  For example, with QPSK and 1/2 ≤ Nsys / Ndata < 3/4:
· RSN of 0, 1 and 2, indicating RV index 0, 3 and 4 must be applied to the 1st, 2nd and 3rd HARQ attempt, respectively.
· For the 4th and further HARQ attempts, RSN is set to 3, and RV index is determined by the formula (row 3 (b) in tables 1 and 2 applies.

The advantage of option (a) is that, in line with Rel-5, the Node B retains some freedom in RV choice. For example, it is possible to schedule self-decodable retransmissions only if that’s deemed important.

The advantage of option (b) is marginally more signalling robustness; also, for a large number of HARQ attempts there might be some throughput gains from allowing a wider variety of RVs through the formulas in row 3(b), although that remains to be confirmed. Some very small gains might be achievable through further optimizing the rule 3(b).
Table 1: Proposed RV subsets/sequences for QPSK.
	RVP (a)

or

RSN (b)
	Nsys / Ndata < 1/2
	1/2 ≤ Nsys / Ndata < 3/4
	Nsys / Ndata ≥ 3/4

	
	RV Index
	RV Index
	RV Index

	0
	0
	0
	0

	1
	2
	3
	3

	2
	4
	4
	7

	3 (a)
	6
	7
	4

	3 (b)
	[ (TTIN/NARQ( mod 4 ] x 2
	(TTIN/NARQ( mod 8
	(TTIN/NARQ( mod 8


Table 2: Proposed RV subsets/sequences for 16QAM.

	RVP (a)

or

RSN (b)
	Nsys / Ndata < 1/2
	1/2 ≤ Nsys / Ndata < 3/4
	Nsys / Ndata ≥ 3/4

	
	RV Index
	RV Index
	RV Index

	0
	0
	0
	0

	1
	2
	3
	3

	2
	5
	5
	1

	3 (a)
	6
	1
	5

	3 (b)
	(TTIN/NARQ( mod 8
	(TTIN/NARQ( mod 8
	(TTIN/NARQ( mod 8


The analysis and simulation results that led to the identifying the above proposal are included the Annex.
3 Conclusion

We identified two possible ways of implementing 2-bit HS-SCCH RV signalling. In our view option (a), giving the Node B some freedom in RV choice is slightly preferable.

Annex: Simulation Results

The motivation for selecting 3 CR intervals (as determined by the boundary coding rates of 1/2 and 3/4), and the RV subsets in tables 1 and 2 is as follows:

· Nsys / Ndata < 1/2 : all transmissions are self-decodable (with partial IR); ~2 x systematic bits and ~1 x parity bits are sent after 2 transmissions.

· 1/2 ≤ Nsys / Ndata < 3/4 : every 2nd transmission is self-decodable; 1 x systematic bits and ~1 x parity bits are sent after 2 transmissions.

· 3/4 ≤ Nsys / Ndata : every 3rd transmission is self-decodable; 1 x systematic bits and ~1 x parity bits are sent after 3 transmissions.

In the simulation campaign, we first defined baseline RV subsets, which are well known to be a reasonable choice. These are shown in the following tables. The RVs for different HARQ attempts were chosen in the natural order, according to increasing RVP values. Following that, we proceeded with comparing the baseline to other sub-sets of the RV index for a number of relevant coding rates. An extensive number of options was simulated, to arrive at the proposal described in section 2.
The simulation results below compare the baseline (plots marked CASE B) to the final proposal of section 2 (plots marked CASE A). Black denotes the 1st, blue denotes the 2nd, red denotes the 3rd and magenta denotes the 4th transmission BLER. 
Table 3: Baseline RV subsets for QPSK.

	RVP
	Nsys / Ndata < 1/2
	1/2 ≤ Nsys / Ndata < 2/3
	2/3 ≤ Nsys / Ndata 

	
	RV Index
	RV Index
	RV Index

	0
	0
	0
	0

	1
	2
	5
	5

	2
	4
	2
	7

	3
	6
	7
	2


Table 4: Baseline RV subsets for 16QAM.

	RVP
	Nsys / Ndata < 1/2
	1/2 ≤ Nsys / Ndata < 2/3
	2/3 ≤ Nsys / Ndata 

	
	RV Index
	RV Index
	RV Index

	0
	0
	0
	0

	1
	2
	3
	3

	2
	4
	2
	1

	3
	7
	1
	2
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Figure 1  Simulation results for QPSK, CR = 0.4 and 0.5.
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Figure 2  Simulation results for QPSK, CR = 0.66 and 0.73.
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Figure 3  Simulation results for QPSK, CR = 0.83.
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Figure 4  Simulation results for 16QAM, CR = 0.4 and 0.5.
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Figure 5  Simulation results for 16QAM, CR = 0.66 and 0.73.
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Figure 6  Simulation results for 16QAM, CR = 0.83.
Table 5: Simulation assumptions.
	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)
	[756, 948,1268, 1388, 1588]

[1524, 1908, 2548, 2790, 3188]
	bit
	[Qpsk: CR = 0.4, 0.5, 0.66, 0.73, 0.83]

[16Qam: CR = 0.4, 0.5, 0.66, 0.73, 0.83]

	CRC length
	24
	bit
	

	Nsys = (TBS+CRC+4)

[Qpsk: Ndata = 1920]

[16Qam: Ndata = 3840]
	[784, 976,1296, 1416, 1616]

[1552, 1936, 2576, 2818, 3216]
	bit
	[Qpsk: Nsys/Ndata = 0.408, 0.508, 0.675, 0.7375, 0.8416]

[16Qam: Nsys/Ndata = 0.404, 0.504, 0.671, 0.734, 0.8375]

	FEC
	turbo
	
	


It was assumed in the simulations that the rate matching algorithm and RV tables remain unchanged compared to Rel-5; some gains might be realized if the rate matching algorithm were modified and MIMO-specific 16QAM RVs were allowed.
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