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1. Introduction
In RAN1#62 and RAN1#62b several decisions were made regarding CSI feedback signaling and some open issues for further discussion were identified. In this contribution we present our views on the remaining details of CSI feedback on PUCCH and PUSCH, specifically on the following topics –

a) Sub-sampling for PUCCH Mode 1-1 (both CSI mode 1 and CSI mode 2)

b) Modifications and/or need for PUCCH Mode 2-1

c) Need for PUSCH Mode 3-2

d) Need for CQI/PMI feedback with MU hypothesis  
2. Views on CSI reporting modes on PUCCH 
a) PUCCH Mode 1-1 with W1+RI in one subframe (CSI mode 1) – The main issue in this case is the codebook sub-sampling for the joint W1+RI report. Without any sub-sampling the payload size equals 5 bits for ranks1-2 (16+16 W1 choices) and 6 bits for ranks 1-8 (16+16+4+4+4+4+4+1 W1 choices). Comparing this with 2 bits of payload for RI report in Rel-8 suggests a performance degradation of the joint W1+RI report. The tradeoff between the performance degradation due to the payload size of the W1+RI report and due to the sub-sampling of W1 depends on operating conditions, for example, in deployments that are DL capacity limited a sub-sampling of W1 may not be necessary. This motivates the following two approaches for this problem –
· Certain specific codebook subsets are specified for sub-sampling to reduce the payload size of W1+RI report to 4-5 bits, perhaps depending on the maximum rank. A configuration may also be specified without any sub-sampling.
· Codebook sub-sets for sub-sampling are not specified but is left to the discretion of the eNB. The codebook subset restriction can be used in this case to specify certain subsets. A re-indexing of W1 is performed based on the codebook subset restriction. This approach can provide complete flexibility at the eNB in employing sub-sampling or not as well as in controling the degree of sub-sampling. The size of the bit-map for codebook subset restriction comes out to be 108 including 52 W1 choices (16+16+4+4+4+4+4) and 56 W2 choices (16+16+16+8).
b) PUCCH Mode 1-1 with W determined from a single subframe report (CSI mode 2) – In this case the total payload size including W1, W2 and CQI was agreed to be contained within 11 bits. To achieve this target for ranks 2 and higher the combined W1+W2 payload size will need to be sub-sampled to 4 bits. In the case of rank 1 there is more flexibility and a higher payload size for W1+W2 could be maintained. In view of this we have the following proposals – 
· Consider more than 4 bits of feedback for W1+W2 if the recommended rank is one, consider 4 bits feedback for W1+W2 for ranks greater than one.
· Consider joint sampling of C1 and C2 to optimize the performance of the sub-sampled codebook. Joint sampling implies that the co-phasing subset (from C2) is a function of the beam chosen (from C1).
c) Modifications and/or support for PUCCH Mode 2-1– In this section we list our observations regarding some aspects of this mode. 
· It is not clear whether PTI could be forced to 0 (always) by the eNB for 8Tx ports. If this is possible, then functionally this mode becomes the same as PUCCH Mode 1-1 (CSI mode 1) but with higher latency and more overhead.

· The original motivation for this mode from Rel-8 perspective is to provide UE selected subband CQI information with small overhead. We believe that there is no reason to change this intention while extending this mode. Predefined cycling will introduce more latency for acquiring subband CQI and does not preserve the original intention of this mode. 
· The potential benefit of this mode is to provide subband W2 information at the cost of higher latency. Including subband CQI, subband W2 and subband selection indicator in a single subframe will lead to large payload sizes. The small benefits of providing subband W2 information (on top of subband CQI) is also limited to large angle spread channels and fairly static scenarios. 

· Due to the reasons mentioned above we believe in the current form the utility of this mode is questionable. The following may be considered for modification of this mode –

· Sending only subband CQI information

· Sending wideband W2 information with W1 (with joint sub-sampling)

· Removing this mode altogether

3. Views on CSI reporting modes on PUSCH
a) Support of PUSCH mode 3-2 – The primary intention of this mode is to provide a very high resolution feedback, both in terms of CQI and PMI. It may be noted that CSI feedback with very fine time-frequency resolution is also less robust to feedback delay and speed. 
· This mode is characterized by subband PMI + subband CQI, applicable for 2, 4, 8Tx and for all ranks

· Significantly higher overhead compared to Mode 2-2

· May be beneficial in specific scenarios (like MU-MIMO) and where uplink overhead is not a concern. The benefits are not significant if the spatial correlation is high (typical for MU-MIMO) and if the feedback delay or UE speed is not low. In our view this mode has limited applicability and may be considered in addition to mode 2-2 (not as a replacement).

b) Introduction of additional CQI with MU hypothesis 
· Goal of MU-CQl: The intention is to provide a better estimate for MU-MIMO post-processing SINR. 

· MU-CQI Accuracy: The MU-MIMO post processing SINR depends on the resource allocation (since most MU-MIMO resource allocations in practice will be partially overlapping), the transmit weight of the paired user and the MU-MIMO receiver among other things. The resource allocation of the paired user and the transmit weight of the paired user is determined by the eNB. These depend on traffic, control channel constraints and scheduler parameters that is unknown to the UE at the time of CQI determination. Therefore the MU-MIMO CQI estimates determined by an UE assuming hypothetical resource allocation and transmit weights for paired users are very rough.    

· MU-MIMO Receiver: In terms of a MU-MIMO receiver it may be noted that unlike SU (where SIC, quasi-ML, ML receivers are possible) in the case of MU the range of possible receivers is very restricted. A typical scenario would be to consider intra-cell interference being treated in the same way as outer-cell interference. Some variations in receiver implementations could be easily handled using an outer-loop of link adaptation.
· Performance of MU-CQI: It is clear from the discussion above that the performance improvement due to the introduction of an additional CQI with MU hypothesis cannot be accurately predicted by full-buffer simulations. In addition, the overhead increase due to additional CQI with MU hypothesis is also a concern.

· Conclusions: 

i. The introduction of an additional CQI with MU hypothesis should be approached with caution and practical benefits should be carefully considered.
i. MU related improvements to CSI reports may be restricted to PUSCH reporting modes. Simple modifications like reporting additional rank-1 CQI (with SU hypothesis) in case of the recommended rank being greater than one may be considered for further investigation. However, we should also keep in mind that a UE reporting a rank greater than one will most likely be scheduled with SU-MIMO in optimizing system performance. In addition, this particular solution also introduces additional overhead and the benefits should be studied carefully.
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