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Introduction
In RAN1-NR #1, RAN1 discussed codebook design and agreed some alternatives [1].  
	Agreements:
· One of the following UL codebook design principles is down-selected until next meeting.
· Alt1:
· NR supports UL codebook at least for a single panel. 
· Note: This does not preclude the use of components of single panel UL codebook for multi-panel.
· FFS on multi-panel UL codebook
· Whether or not support additional components (e.g., panel co-phase)  
· NR supports a UL codebook optimized for single-panel and support multi-panel via indicating multiple TPMIs
· Focus on single panel based UL codebook design first, then support multi-panel via selecting a panel via SRI or indicating TPMI per SRS resource.
· Alt 2: 
· Focus on designing a common framework UL codebook for single-panel and multi-panel
· Alt 3: 
· Design different UL codebooks for single-panel and multi-panel, respectively.
· Codebook details are FFS 
· Existing LTE codebooks should be considered as baseline.


In this contribution, we discuss the codebook design to narrow down them. And codebook for 1 layer transmission is also discussed.
Discussion
In RAN1#89, there was a discussion about how RAN1 supports multi-panel transmission. From our perspective, Alt. 1 seems to be preferable unless clear performance gain of multi-panel transmission is shown. Multi-panel transmission may have a problem on power consumption due to possible increase in the number of RF circuit. In addition, to enable it, panel specific TA command may be needed. In the agreement made in RAN1#89, reuse of existing LTE codebook is mentioned. If multi-panel transmission is supported, SRI and TPMI signalling can be used to select panel and precoders.
Proposal 1: Support Alt. 1 for UL codebook design principles.
· NR supports UL codebook at least for a single panel
· FFS on multi-panel UL codebook
Another remaining issue on codebook/non-codebook is on waveform for single layer transmission. RAN1 agreed to support DFT-S-OFDM as well as CP-OFDM. DFT-S-OFDM was supported for NR to handle power-limited case, e.g., when UE is located at cell edge. While CP-OFDM is used for both single and multi-layer transmission, DFT-S-OFDM is limited to single-layer transmission. However, how to switch the waveforms has not been clarified yet, e.g., static, semi-static or dynamic. From our perspective, dynamic waveform switching should be supported, e.g., using DCI, in case of abrupt channel degradation. UE transmission power is very limited compared to gNB. In addition power back-off will be needed for CP-OFDM due to high-PAPR property. Only with static or semi-static switching, it’d be difficult for UE to keep up with abrupt channel change, e.g., high-speed moving, blockage and rotation. Hence we propose to support dynamic waveform switching in order to manage it.
Proposal 2: Support dynamic waveform switching, e.g., UE can fall back to DFT-S-OFDM using DCI.
Conclusion
In this contribution we discussed codebook design for UL. Our proposals are as followed:
Proposal 1: Support Alt. 1 for UL codebook design principles.
· NR supports UL codebook at least for a single panel
· FFS on multi-panel UL codebook
Proposal 2: Support dynamic waveform switching, e.g., UE can fall back to DFT-S-OFDM using DCI.
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