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1. Background
With the introduction of double-codebook, PUCCH and PUSCH also need to be re-designed for 4Tx. It is worth noting that for 8Tx, PUCCH/PUSCH alone took two meetings after the 8Tx codebook was finalized. This is more challenging for 4Tx where we need to finish everything in one meeting. In this section we discuss PUCCH and PUSCH channels related to the new 4Tx codebook.

2. PUCCH/PUSCH details

The details of W1/W2 structure are contingent on the ongoing codebook discussion. A high-level analysis and summary of the current proposals are given in a companion contribution [15]. Overall, the following can be noted:

· Wideband W1 matrices divide the composite codebook W into 
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· Subband W2 is the dominant component of CSI feedback overhead.
In this section we discuss PUCCH and PUSCH designs using the two codebook alternatives proposed in [3].

2.1. PUCCH and PUSCH design for codebook alt-1 

Codebook alt-1 uses exactly same GoB parameters of 8Tx, resulting in precisely the same grid structure and W1/W2 overhead as 8Tx. As such, the same PUCCH and PUSCH channel for 8Tx can be re-used for 4Tx, for UEs supporting 2-layer. In principle, W1 matrices with overlapping beams can be skipped because the edge effect is not present for wideband PUCCH. 
For rank-3/4, it is found that new codebooks do not bring any performance gains over Rel.8 codebook [17]. Therefore, rank-3/4 shall reuse Rel.8 codebook in Rel.12, where W1 codebook comprises a single entry of identity matrix I4, and W2 has 4-bit. No sub-sampling is needed for rank-3 and rank-4 for both sub mode-1 and sub mode-2, as PUCCH payload is sufficient. The sub-sampling details for PUCCH mode 1-1 are given Table 1 and Table 2, for sub-mode 1 and sub mode 2, respectively.

Table 1: PUCCH for mode 1-1, sub mode-1

	Value of joint encoding of RI and the first PMI
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Table 2: PUCCH for mode 1-1, sub mode-2

	RI
	Relationship between the first PMI value and codebook index 
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	Relationship between the second PMI value and codebook index 
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	Value of the first PMI 
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For PUSCH mode 3-2, it is our preference to at least adopt a baseline mode with the same CQI/PMI subband size as mode 3-1, and without W​1/W2 sub-sampling. This is to ensure that the 4Tx fully benefits from the CSI enhancement work. The same ordering of RI/PMI/CQI bit fields for 8Tx mode 3-1 can be reused, except that multiple W2 are present in one PUSCH report. This is applicable irrespective of the decision on CQI/PMI subband size (e.g. fixed or RRC-configurable).

If the overhead of PUSCH mode 3-2 is a concern, two alternatives can be considered for CSI overhead reduction, e.g. PMI sub-sampling and configurable subband size. These two candidates shall be further compared in terms of their feedback overhead, performance degradation, and standardization efforts. 
2.2. PUCCH and PUSCH design for codebook alt-2

For this codebook alternative, each the first eight W1 matrices consist of four adjacent DFT beams, whereas each the last eight W1 matrices comprise four uniformly distributed DFT beams to provide wider angular spread coverage. For this codebook design, the same PUCCH mode 1-1 sub-sampling schemes as in Table 1-2 can be reused for PUCCH mode 1-1, submode-1 and submode-2.
Likewise, for PUSCH mode 3-2, our preference is to at least adopt a baseline feedback mode without W​1/W2 sub-sampling. The same bit sequence ordering of 8Tx mode 3-1 can be reused. 

3. Conclusions

In this contribution we discussed PUCCH/PUSCH feedback for double-codebook of 4Tx. 

Proposal:

· PUCCH mode 1-1:

· For rank-1/2, consider sub-sampling in Table 1 and 2 for sub mode 1 and sub mode 2.
· For rank-3/4, reuse the Rel.8 legacy codebook with PUCCH details in Table 1 and 2, without any PMI sub-sampling.

· PUSCH mode 3-2

· At least adopt a baseline mode with the same CQI/PMI subband size as PUSCH mode 3-1, and without W1/W2 sub-sampling.

· If the overhead is a valid concern, further compare configurable subband size and PMI sub-sampling in terms of their overhead, performance, and standardization efforts.
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