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1 Introduction
The agreed Rel.12 CSI feedback codebook size correspond to 4 bit for W1 sub-codebook when rank 1 and 2 is reported and no bits for W1 for rank 3 and 4 since the identity matrix is implicitly assumed in this case. There are two reasons why the full codebook cannot be used in PUCCH feedback; the PUCCH CSI feedback container and encoder is limited in size to 11 bits payload and the coverage of the PUCCH needs to be considered which further limits the number of payload bits that can be transmitted in some cases, as when the rank indicator bit is transmitted.  
In this contribution we address the codebook subsampling issue for PUCCH mode 1-1, sub-mode 1 which use a feedback type 5 report to feedback rank indicator and a PMI corresponding to W1 (wideband PMI). The rank indicator consists of 1 bit in case of a UE supporting at most two layer reception and 2 bits in case the UE supports more than two layers (when 4 CSI-RS ports is configured). It has already been agreed on the RAN1 email reflector to use the W1 codebook corresponding to indices 
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in the rank 2 case. In this contribution we discuss the remaining issue of the rank 1 case. 
2 Subsampling proposal
Our general view is that CSI feedback in PUCCH is not designed to optimize the throughput but to inform the eNB about the coarse channel conditions at the UE. Hence, the PUCCH feedback should be designed with uplink reliability and coverage as the first priority and not to optimize the downlink throughput. Instead, the aperiodic CSI feedback will be triggered to get more accurate downlink CSI knowledge at the eNB for throughput optimization when there is data available in the downlink buffer. Furthermore, the uplink PUCCH coverage in case of four CSI-RS ports is configured should not be worse than the coverage when eight CSI-RS ports is configured, in which case the type 5 report have 16 and 20 detection hypotheses respectively for two and four layer reception (resulting in 4 and 5 bit payload). Hence, if we have the same or smaller number of detection hypotheses for four CSI-RS ports, sufficient PUCCH coverage should be ensured.  
The remaining open issue in this topic seems to be whether to support the full 4 bit W1 codebook for rank 1 feedback in the case the UE support more than two layer reception. In this case there are 32 detection hypotheses available and due to the rank 2-4 agreements, only 10 has been utilized (8+1+1) so far. Hence, there is in theory room for the full codebook with 16 additional hypotheses in case of rank 1 (in total 26 hypotheses). Due to the reliability and coverage reasons mentioned above, this is not preferable. A gain in downlink throughput cannot justify a loss in coverage since the design target is robustness, and since the aperiodic CSI report is readily available when downlink throughput optimization is targeted.
We thus propose to subsample also rank 1 codebook to 8 hypotheses in the four layer case as well as in the two layer case. This will then also make the subsampling unified independently of the number of supported layers, which is desirable. For rank 1 subsampling, there are basically two approaches: either use consecutive indices
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, or every other index 
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. In the first approach, the DFT beam selection granularity of the overall W1W2 codebook is higher since all 32 beams can be represented. The second approach has 16 beams but on the other hand there are more co-phasing alternatives per beam selection. Since the beam widths are quite wide for a 4 antenna array, we have a slight preference to put more emphasis on co-phasing than beam selection, i.e. using every other index. 

3 Conclusion

Our subsampling proposal for PUCCH mode 1-1, submode 1 can be summarized by the table shown below:
Table 7.2.2-?: Joint encoding of RI and 
[image: image4.wmf]1

i

 for PUCCH mode 1-1 submode 1.
	Value of joint encoding of RI and the first PMI
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	16
	3
	NA

	17
	4
	NA

	18-31
	reserved
	NA
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