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Introduction
In RAN1#90, RAN1 decided 2-Tx precoder matrices for DFT-S-OFDM and CP-OFDM [1]. 
	Agreements:
· For DFT-S-OFDM, use rank 1 precoders from table below for 2 Tx with wideband TPMI only
· Note: in the following table “codebook index” should be called “TPMI index”
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Agreements:
· For CP-OFDM
· At least TPMI indices 0-3 for rank 1 and TPMI indices 0 and 1 for rank 2 are used
· One of the two following Antenna port selection mechanisms is supported; 
· Decide among the two alternatives in RAN1# 90bis
· Alt 1: TPMI indices 4 and 5 for rank 1, and 2 for rank 2, from the above table are used for CP-OFDM
· Alt 2: SRI indicates selected antenna ports


In RAN1-NR#3 and RAN1#90bis, RAN1 decided precoder matrices for 4-Tx DFT-S-OFDM based transmission [2, 3]. For CP-OFDM, Rel.8 DL, Rel.10 UL and Rel.15 DL are listed as candidate codebooks.
	Agreement:
· For DFT-S-OFDM, support LTE 4Tx rank 1 UL codebook for TPMI 0-15
· Additional codewords for antenna port selection will be also supported
· FFS: Details on the additional codewords for antenna port selection (e.g. number of codewords, scale factors, etc)
Agreement:
· At least for the case where single SRS resource is configured and for DFT-S-OFDM, support additional 4Tx rank 1 codebook below
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Agreement:
· For 4 Tx with wideband TPMI, use at least single stage DCI
FFS for 2 stage DCI
· For wideband TPMI, for NR 4 Tx codebook for CP-OFDM, downselect one of:
Alt 1: Rel-10 UL, possibly with additional entries: 
Alt 2: Rel-15 DL, possibly with additional entries: 
Alt 3: Rel-8 DL, possibly with additional entries
· Evaluate performance of candidate codebooks & decide by RAN1#91


In RAN1#91, RAN1 need to narrow down the candidate codebooks captured in the agreement. In this contribution, we discuss which codebook is preferable for NR UL transmission with CP-OFDM.
Discussion
As captured in the agreement RAN1 made in RAN1#90bis, there are three candidate codebooks for CP-OFDM based 4Tx transmission, i.e., Rel.8 DL, Rel.10 UL and Rel.15 DL codebooks. First of all, we discuss whether antenna correlation should be taken into account for codebook design. From our point of view, high spatial correlation doesn’t need to be assumed for the codebook, because typical operation for the UL is multi-scattering environment with large angular spread. Furthermore, even if high correlation needs to be considered, it can be performed by non-codebook based transmission, e.g., based on UE implementation. Hence a codebook assuming high antenna correlation, i.e., Rel.15 DL codebook, can be removed. Then remaining candidates are Rel.8 DL and Rel.10 UL codebooks. Next we talk about PAPR issue. For CP-OFDM transmission, PAPR is not critical issue. If PAPR is critical, CP-OFDM should not be used for the UL transmission. In conclusion, reusing Rel.8 DL codebook seems to be reasonable.
Proposal 1: Reuse Rel. 8 DL precoder matrices for 4-Tx CP-OFDM based UL transmission.
Another question is whether dual-stage DCI is needed. There is an argument that dual-stage DCI is useful to acquire DCI payload size such that resource allocation is indicated in the first DCI then TPMIs are indicated in the second DCI [4]. However, as it was agreed in RAN1#90, that DCI size is independent of allocated resource size, there is no benefit to support dual-stage DCI anymore. Furthermore dual-stage DCI will cause signaling delay, which would cause performance degradation. Therefore dual-stage DCI should not be supported even if dual-stage codebook is supported for sub-band precoding.
Proposal 2: Dual-stage DCI should not be supported even if dual-stage codebook is supported for sub-band precoding.
 Regarding sub-band precoding, RAN1 have no agreement so far which states sub-band indication details, although RAN1 agreed to support it. Since RAN1#91 is the last meeting for Rel.15 NSA and SA common specs, it seems to be difficult for RAN1 to decide the details within RAN1#91. Therefore, we propose to discuss it for Rel.15 SA or later specs.
Observation: It seems to be difficult for RAN1 to decide the details of sub-band precoding for UL within RAN1#91. It can be discussed for Rel.15 SA or later releases.
Conclusion
In this contribution, we discussed UL codebook design. Our observations and proposals are as followed;
Proposal 1: Reuse Rel. 8 DL precoder matrices for 4-Tx CP-OFDM based UL transmission.
Proposal 2: Dual-stage DCI should not be supported even if dual-stage codebook is supported for sub-band precoding.
Observation: It seems to be difficult for RAN1 to decide the details of sub-band precoding for UL within RAN1#91. It can be discussed for Rel.15 SA or later releases.
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