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1
Introduction 
In RAN1#62 several crucial decisions on DL MIMO enhancement were made, including the 8Tx codebook, which follows a double codebook structure [1]. For wideband reporting such as performed in PUCCH Mode 1-1, the double codebook structure leads to an effective PMI payload of 8-bits for conveying a specific precoder. In order to accommodate this increased payload, different CSI reporting modes have been proposed: 
· Mode 1-1 using CSI mode 1, in which RI and W1 are conveyed in the same report
· Mode 1-1 using CSI mode 2, in which W1 and W2 are conveyed in the same report
In this contribution, we focus on comparing CSI mode 1 and CSI mode 2 above.  PUCCH Mode 2-1 is discussed in companion contributions [2, 7].
2
Details of PUCCH Mode 1-1 Design
The reporting structure for PUCCH Mode 1-1, as agreed in the way forward [3], is summarized in Table 1
Table 1: Reporting structure for PUCCH mode 1-1
	
	Report 1
	Report 2

	CSI mode 1
	RI-W1 jointly encoded
	CQI, W2

	CSI mode 2
	RI
	W1-W2 jointly encoded, CQI


Note that for the CSI mode 2, Report 2 exceeds the maximum allowable payload of 11 bits and therefore codebook subsampling is necessary. Since the CQI may take up to 7 bits, the reported PMI can take no more than 4 bits instead of 8 bits as in the case of no subsampling.

Regarding CSI mode 1, considering the total number of W1 hypotheses across all the ranks, 6 bits would be sufficient to feed back both RI and W1.  However, doing so may compromise the reliability of the RI report, which in turn would increase the likelihood of error propagation.  As a result, for CSI mode 1, one could either consider subsampling W1 to reduce the additional payload for the RI/W1 report, or using a stronger coding scheme that obviates the need for subsampling.  In this contribution we follow the latter approach and propose to improve the reliability of the RI report, by repeating it multiple times for the sake of avoiding a subsampling of W1. 
Specifically, according to Rel-8 specification, the RI report is reported with a multiple of the feedback periodicity and has an offset compared to the CQI/PMI reporting instances.  With regard to repeating the RI report for improved reliability we propose to have the initial report occur according to Rel-8 principles.  The repeated report could then either occur one or multiple subframes later, or it could be repeated after one feedback period. 
In our quantitative comparison, we assume that the repetition of the RI report avoids the need for codebook subsampling for CSI mode 1.  For CSI mode 2, we consider the following codebook subset which has been also addressed in [4]:

·  Rank 1: i1= {0,2,4,6,8,10,12,14} and i2= {0,2}

·  Rank 2: i1= {0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15} and i2= {0}
Where the indices i1 and i2  refer to the corresponding indices in [5].  Note that for rank 1, 3 bits for W1 and 1 bit for W2 are used, while for rank 2 only the non-subsampled W1 (4 bits) is fed back. In both cases, the overall report is composed of 11 bits (i.e. 7-bit CQI and 4-bit PMI).  
3 
System-Level Performance Evaluation
In this section, we present the results of system-level performance evaluations that compare Mode 1-1 based on CSI mode 1 and CSI mode 2, respectively.  The simulation assumptions are consistent with the agreed evaluation methodology [6] and are listed in the appendix.  

The results are shown in Table 2 for SU-MIMO and MU-MIMO operation separately. We can see that Mode 1-1 based on CSI mode 1 outperforms Mode 1-1 based on CSI mode 2 with a gain greater than 3% in case of SU-MIMO and about 12% in case of MU-MIMO.  Based on our performance results, the gains shown in Table 2, in our opinion, are significant enough to motivate the support of PUCCH Mode 1-1 based on CSI mode 1.
Table 2: Performance comparison of CSI modes 1 and 2
	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]

	Mode 1-1, CSI mode 1
	2.931
	0.1241
	3.442
	0.1439

	Mode 1-1, CSI mode 2
	2.835
	-3.3%
	0.1163
	-6.3%
	3.033
	-11.9%
	0.1198
	-16.7%


Note that the large MU-MIMO losses observed could be likely mitigated in the simulated scenario if instead of           i2= {0, 2}, we used i2= {0, 8} for W2 subsampling. On the other hand, the comparison between these two subsampling options (i.e. BPSK co-phasing vs. higher DFT beam granularity) could be probably the opposite if we used X-pol antenna configuration instead of ULA for the evaluation. This highlights some of the risks involved with subsampling, namely that the current subsampling designs may be optimized for the limited set of channel models and antenna configurations being used for the evaluation. 
4 
Conclusions

In this contribution, we have discussed remaining design details for PUCCH Mode 1-1 and compared CSI modes 1 and 2 based on system-level performance evaluations. In our view, codebook subsampling can be avoided entirely for CSI mode 1 by repeating the RI report to improve its reliability.  Based on the presented simulations results, PUCCH Mode 1-1 based on CSI mode 1 clearly outperforms CSI mode 2 and should therefore be supported. 
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Appendix

The simulation assumptions are consistent with the agreed framework in [6]. Other simulation assumptions are listed in Table 3 below. 
Table 3: 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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