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1. Introduction
In RAN1 #87, the following working assumption was achieved with respect to the design of linear combination codebook. The working assumption determines the number of combined beams, the beam selection mechanism and coefficient feedback granularity. We copy part of the working assumption below.
Working Assumption: 
To be confirmed automatically at RAN1#88 if no significant issues are identified with UE complexity. 
· For W1:
· Orthogonal basis
1. First select a group of up to 8 uniformly spaced orthogonal beams
2. Then select 2 beams out of the group
· Non-equal gain combining (with 2 bits) is wideband
· 2-beam selection is wideband
· For W2:
· Beams are combined in W2 using QPSK
· Independent encoding of layers
· Feedback on PUSCH is surpported
· Feedback on PUCCH is surpported
· Details FFS until RAN1#88
More details on the design of W1 and W2 can be found in [1]. In this contribution, we discuss feedback mechanism to support the above advanced CSI on PUCCH.
2. PUCCH feedback mechanism
Assuming (N1, N2, O1, O2) = (4, 4, 4, 4), then the codebook designed in [1] requires 13-bit W1 feedback overhead, and 6-bit W2 feedback overhead for rank 1 and 12-bit W2 feedback overhead for rank 2. Compared with legacy Class A feedback, PMI overhead for both W1 and W2 are increased. Hence special consideration is required for advanced CSI in PUCCH.
2.1 Advanced CSI feedback for PUCCH mode 1-1
The feedback overhead of W1 consists of three aspects: -bit leading beam indication, 3-bit second beam indication and 2-bit relative power indication of weaker beam (or power matrix). It can be calculated that the feedback overhead in terms of beam selection is at most bits. Therefore beam selection information can be reported in one report instance. As for relative power, since it represents long term relative power information of each beam and only needs 2 bits to indicate, it can be fed back in one report instance separate with beam information. 
For 2-beam combination using QPSK, W2 requires 6 bits and 12 bits for rank 1 and rank 2 respectively. There are two alternatives to resolve feedback overhead issue of rank 2 feedback. The first one is to subsample W2 codebook so that the feedback overhead is not larger than 11 bits, which may cause performance degradation due to codebook subsampling. The other one is to report rank-2 W2 via two report instances, whereas it may cause relative larger feedback delay. Moreover, as eNB can trigger PUSCH feedback to reduce CSI delay, CSI delay for PUCCH feedback may not be a significant issue. Hence we propose to report rank-2 W2 feedback via two report instances. Therefore the 
Proposal 1: For PUCCH mode 1-1 of advanced CSI feedback
· Beam selection information, i.e. leading beam indication and 2nd beam indication, can be reported in one report instance.
· Relative power information can be fed back in one report instance. 
· Report W2 feedback in two report instances for rank 2.
Therefore, for PUCCH mode 1-1, advanced CSI contains 5 report instances as follows.
· 1st instance: RI
· 2nd instance: Beam information in W1
· 3rd instance: Relative power information in W1
· 4th instance: Layer-1 phase information in W2
· 5th instance: Layer-2 phase information in W2 and CQI
For the above instances, 1st instance has the largest periodicity and 5th instance has the smallest periodicity. 2nd and 3rd instance can have the same periodicity, and 4th and 5th instance can have the same periodicity. One example of these five report instances is shown in Figure 1.


Figure 1 Report instances for PUCCH mode 1-1 of advanced CSI
2.2 Advanced CSI feedback for PUCCH mode 2-1
For PUCCH mode 2-1, as beam information and relative power gain reports should be wideband, it can be the same as mode 1-1 that beam information and power gain are reported via two report instances separately. On the other hand, for UE selected sub-band CQI and W2, layer-1 phase, layer-2 phase and CQI should be reported separately for each BP in round robin manner. Codebook subsampling for layer-1 and layer-2 phases can be performed if needed, e.g., QPSK quantization of phases can be subsampled to BPSK quantization if codebook subsampling is needed.
Proposal 2: For PUCCH mode 2-1 of advanced CSI feedback
· Wideband beam information and power gain are reported via two report instances separately.
· For UE selected sub-band CQI and W2, layer-1 phase, layer-2 phase and CQI should be reported separately for each BP
· Codebook subsampling for layer-1 and layer-2 phases can be performed if needed, e.g., QPSK quantization of phases can be subsampled to BPSK quantization.
3. Conclusions
In this contribution, we discuss feedback mechanisms to support advanced CSI feedback on PUCCH. Based on above discussion, we have made the following proposals.
Proposal 1: For PUCCH mode 1-1 of advanced CSI feedback
· Beam selection information, i.e. leading beam indication and 2nd beam indication, can be reported in one report instance.
· Relative power information can be fed back in one report instance. 
· Report W2 feedback in two report instances for rank 2.
Proposal 2: For PUCCH mode 2-1 of advanced CSI feedback
· Wideband beam information and power gain are reported via two report instances separately.
· For UE selected sub-band CQI and W2, layer-1 phase, layer-2 phase and CQI should be reported separately for each BP
· Codebook subsampling for layer-1 and layer-2 phases can be performed if needed, e.g., QPSK quantization of phases can be subsampled to BPSK quantization.
4. Reference
. RAN1#87 Chairman notes.
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