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Introduction
In 3GPP RAN1#87 meeting, working assumption on advanced CSI feedback based on linear combination of orthogonal basis was agreed [1]:
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If no significant issue is identified with UE complexity, the working assumption will be automatically confirmed at RAN1#88 meeting. Feedback on PUCCH and PUSCH were also agreed to be supported for advanced CSI reporting. In this contribution, details of PUCCH feedback will be discussed. 
Discussion
As advanced CSI feedback is specified only for rank 1 and rank 2, CSI reporting for higher rank is still based on Class A codebooks or codebooks specified in previous releases. CSI contents for advanced CSI include RI, W1, W2, CQI, and possibly subband indicator if subband reporting is supported. The exact CSI reporting content depends on the reported rank. If RI <= 2 is reported, advanced CSI is reported. If RI > 2 is reported, legacy codebook is used.
Reporting of each CSI contents is discussed in the following.
· RI: The payload size depends on the maximum supported MIMO layers.
· 3 bits for rank 1 – 8
As RI will influence the interpretation of subsequent reporting, its reliability shall be guaranteed. Therefore, reporting RI alone in a reporting instance is preferred. This means no joint encoding is performed between RI and other CSI contents.
Proposal 1:
· RI is reported alone in a reporting instance.
· W1: The payload size depends on the antenna configuration.
· 

Leading beam indication:  bits. The maximum payload is 8 bits when .
· Indication of second beam: The maximum payload is 3 bits.
· Relative power of the second beam: 2 bits.
The maximum payload of W1 is 8 + 3 + 2 = 13 bits. To carry W1 in PUCCH, there are three options: 
· 
Alt-1: Subsample codebook for W1 so that the payload can be carried in PUCCH format 2. For example, by reducing the oversampling factor to , the payload can be reduced to 11 bits. However, accuracy of CSI reporting is scarified.
· Alt-2: Reporting different components of W1 in different reporting instance with PUCCH format 2. For example, leading beam is reported in one reporting instance, and the indication and the relative power of the second beam are reported in another reporting instance. Though additional dependency between subframes is introduced, the performance of advanced CSI feedback is not compromised. 
· Alt-3: Reporting all components of W1 in one reporting instance with PUCCH format 3. The performance of advanced CSI can be guaranteed without introducing additional inter-dependency between subframes.
From performance perspective, both Alt-2 and Alt-3 are acceptable to us.
Proposal 2:
· W1 is reported in one reporting instance with PUCCH format 3 or in multiple reporting instances with PUCCH format 2.
· W2/CQI: Payload size of W2/CQI depends on the reported rank. The payload of W2 is 6 bits and 12 bits for rank 1 and rank 2, respectively. According to previous evaluation results, the maximum performance gain is achieved when W2 is reported per subband. Wideband reporting of W2 seems unnecessary. 
Proposal 3:
· Wideband reporting of W2 is not supported.
For subband reporting, W2 is reported together with CQI and subband indicator in earlier releases. Then the total payload per subband without overhead reduction would be 6 (W2) + 4 (CQI) + 2 (subband indicator) = 12 bits and 12 (W2) + 7 (CQI) + 2 (subband indicator) = 21 bits for rank 1 and rank 2, respectively. Thus without overhead reduction, the payload is unable to be carried by PUCCH format 2.
Several possible ways can be considered to reduce W2 overhead, e.g., restricting combination coefficients on layers, on polarizations, or reducing the coefficients from QPSK to BPSK.
· 


Restriction on layers: For example,, where is the combination coefficient for the first layer and the first polarization, is combination coefficient for the first layer and the second polarization. By this way, the feedback overhead for W2 of rank 2 is reduced to 6 bits. The overhead for rank 1 is still 6 bits.
· 






Restriction on polarizations: For example, , where is the combination coefficient for the first layer and the first polarization, is combination coefficient for the second layer and the first polarization. and  are phase combination between two polarizations. Assuming and are quantized by 2 bits individually, the feedback overhead for W2 is then 8 bits for rank 2, and 4 bits for rank 1.
· 
Restriction on layers and polarizations: For example, , then the feedback overhead for W2 would be 4 bits for rank 1 and rank 2. 
Even restriction on both layers and polarizations are introduced, the payload for rank 2 (including W2, CQI and subband indicator) is 13 bits and still unable to be carried in PUCCH format 2. Moreover, with such restriction, the performance of advanced CSI would be significantly degraded, making advanced CSI meaningless. In this case, PUCCH format 3 can provide large enough payload to carry subband W2.
Proposal 4:
· Subband W2 is carried by PUCCH format 3 without overhead reduction.
Reporting wideband parameters in PUCCH and reporting subband parameters in PUSCH seems to be able to solve the payload issue of PUCCH. But dependency between PUCCH and PUSCH will complicate both UE and eNB implementation. In addition, the payload of wideband parameters is significantly less than the payload of all subband parameters. As a result, the wideband parameters can be carried in PUSCH along with subband parameters without significantly increasing the overhead.
Proposal 5:
· Joint operation between PUCCH and PUSCH is not supported.
Conclusions
In this contribution, details of PUCCH feedback for advanced CSI reporting are discussed. Based on the discussion, we have the following proposals:
Proposal 1:
· RI is reported alone in a reporting instance.
Proposal 2:
· W1 is reported in one reporting instance with PUCCH format 3 or in multiple reporting instances with PUCCH format 2.
Proposal 3:
· Wideband reporting of W2 is not supported.
Proposal 4:
· Subband W2 is carried by PUCCH format 3 without overhead reduction.
Proposal 5:
· Joint operation between PUCCH and PUSCH is not supported
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