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1
Introduction
In RAN1#62bis several way forwards in favor of supporting PUSCH Mode 3-2 were presented [1,2,3] but no agreement was reached.  The differentiating aspects among the way forwards were primarily twofold, namely (i) whether to keep the Rel-8 subband size or whether to consider coarser feedback granularity, and (ii) whether or not the 8Tx codebook should be subsampled. 

In this contribution we provide our views on these remaining design issues and propose that PUSCH Mode 3-2 be supported.  Remaining design issues relating to PUSCH Mode 3-1 are discussed in a companion contribution [4] which also provides a quantitative comparison between PUSCH Modes 3-1 and 3-2. 
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Remaining details of PUSCH Mode 3-2
The remaining design issues relating to PUSCH Mode 3-2 center on whether to keep the same feedback granularity as in Rel-8 as well as whether to perform subsampling of the codebook in the 8Tx case to save on feedback overhead.  In this section we provide our views on these two issues together with system-level simulation results that evaluate the subsampling proposed in [5]. 

With regard to feedback granularity, it is our view that the granularities chosen in Rel-8 have been carefully selected to strike a balance between performance and feedback overhead.  While some evaluations conducted in the scope of the last meetings may show a relatively small loss with increased subband size, we believe that such results may not be representative across a wide range of channel models and antenna configurations.  As a result, we think that it would be prudent to keep the Rel-8 subband size, especially since PUSCH feedback reporting modes primarily target performance.  Our view can therefore be summarized as follows: 

Proposal 1: 
· If PUSCH Mode 3-2 is adopted in Rel-10, keep the subband granularities same as in Rel-8
With regard to whether or not to subsample the 8Tx codebook, we have performed system-level performance evaluations to assess the performance loss of subsampling.  The results were obtained in accordance with the agreed simulation methodology [6] and are shown in Table 1.  Additional simulation assumptions are provided in the appendix. 

Table 1: Performance comparison of PUSCH Mode 3-2 with and without subsampling

	Reporting method
	SU-MIMO
	MU-MIMO

	
	Average cell spectral efficiency [bps/Hz]
	Cell-edge UE spectral efficiency [bps/Hz]
	Average cell spectral efficiency [bps/Hz]
	Cell-edge UE spectral efficiency [bps/Hz]

	PUSCH 3-2, 
no subsampling
	3.367
	0.1378
	3.918
	0.1638

	PUSCH 3-2, 
with subsampling
	3.351
	-0.5%
	0.1367
	-0.8%
	3.876
	-1.1%
	0.1621
	-1.0%


The performance loss due to subsampling is relatively small for the scenario under consideration and amounts to roughly 0.5% for SU-MIMO and 1-2% for MU-MIMO.  While the loss of subsampling is indeed quite small in this case, similar to the one reported in [5], we do not think this result by itself justifies the introduction of subsampling.  Ultimately, PUSCH Mode 3-2 is being introduced to achieve the best performance possible, even in light of a relatively large feedback overhead.  Consequently, it seems unnecessary to subsample the agreed 8Tx codebook for such a mode.  In fact, it should be noted that if the agreed 8Tx codebook were subsampled even for PUSCH 3-2, then it would likely never be used in its original form, which seems somewhat contradictory to its agreement in the first place. 

Finally, we would like to point out that while our evaluations do not show significant performance loss, there may be a larger loss for different propagation conditions.  Also, the standardization effort associated with agreeing on a certain subsampling scheme seems challenging at this point. 

Based on the above considerations we make the following proposal: 

Proposal 2: 

· If PUSCH Mode 3-2 is adopted in Rel-10, the 2, 4, and 8Tx codebooks should be used without subsampling
3
Conclusions
In conclusion, we support the introduction of PUSCH Mode 3-2 in Rel-10.  With regard to the remaining issues of feedback granularity and codebook subsampling we make the following proposals: 

· Keep the subband granularities same as in Rel-8

· The agreed 2, 4, and 8Tx codebooks should be used without subsampling
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Appendix

The simulation assumptions are consistent with the agreed framework in [6]. Other simulation assumptions are listed in Table 2 below. 
Table 2: Simulation assumptions

	Parameter
	Value

	Transmission Bandwidth
	10 MHz

	Channel Model
	3GPP Case 1, SCM-E High Spread

	Antenna configuration
	ULA, 0.5λ, vertically polarized

	Number of UEs per cell
	10

	Number of Tx antennas
	8

	Number of Rx antennas
	2

	Receiver Type
	Linear MMSE modeled

	Channel estimation
	Non-ideal

	Allocation Size 
	Adaptive

	Rank selection
	Adaptive

	CQI/Precoding feedback period
	5 ms

	Feedback subband size
	6 RBs

	Feedback error
	Not modeled

	Frequency sensitive scheduling
	Yes

	Scheduling fairness
	Proportional fair

	Interference Estimation
	No interference covariance knowledge is assumed

	HARQ target
	10% BLER after 1st transmission

	Maximum number of retransmissions
	4
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