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1. Introduction
In RAN1 NR Ad-Hoc Meeting, it has been agreed that UL could support 3 transmission schemes: codebook based, non-codebook based and diversity based. The detail agreements are as follows [1] [2]. 
· Support at least the following UL transmission schemes for data in NR
· Scheme A: Codebook based UL transmission
· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than X (FFS: Value of X).
· Study codebook design including single-stage and multi-stage, e.g., W1W2 structure, codebook 
· Study the following DL signaling, e.g.,
· One level DCI
· Two level DCI
· MAC CE
· DCI associated with PDSCH (like UCI associated with PUSCH in LTE)
· Scheme B: Non-codebook based UL transmission
· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y).
· Support the indication of DL measurement RS for UE to calculate candidate precoder
· Study the mechanisms for UL precoder determination, e.g. precoded SRS based, non-precoded SRS based, hybrid precoded and non-precoded SRS based
· Diversity-based transmission schemes
· FFS: Whether the scheme has specification impact or not
· FFS: Merging of the schemes
· Support rank determination by gNB
· Support PRB bundling for CP-OFDM
· Study configurability of PRG size for CP-OFDM
· Study the PRG size
· FFS: Single port transmission is supported for the UE capable for multiple antenna port transmission.
In RAN1 #88 meeting, the following agreements have been achieved. [3]
· In NR, support UE to report its capability regarding the max number of spatial layers (N) for UL transmission
· NR supports UL codebook for an UE based on the reported capability, at least one of the followings is supported 
· Alt1: Network configures multiple codebooks each corresponding to a # of antenna ports
· Alt2: Network configures a scalable/nested codebook supporting a variable # of antenna ports
· Alt3: Network configures a codebook same as UE capability
· Alt 4: UE recommends a subset of codebook(s)
· This alternative may be absorbed into one or more the above alternatives
· FFS the codebooks corresponding to a given number of TX antenna ports can be fixed in specification or configurable 
· UL codebook structure: at least one of the following two is supported
· Alt 0: single-stage codebook 
· Alt 1: dual-stage codebook 
· Consider using LTE codebooks, the impact of multi-panel, etc. for UL codebook design
In this contribution, we will provide some discussions on the UL codebook design as well as the DL signalling to support UL frequency selective precoding.
2. Discussion
UE Antenna Structure
The UE may have different types of supported antenna structures, e.g. with uniform or non-uniform antenna spacing, co-polarized and cross-polarized antennas. Further the UE may have multiple directional antenna panels, where targeting direction of each antenna panels could be the same or different. For example, the UE may have two antenna panels which are targeting the opposite directions. Hence unlike the gNodeB, the UE multiple panel based uplink transmission may have some constraints as different antenna panels in one UE may have some physical separation. 
Denote the number of TXRUs is NTXRU, the number of UE’s antenna panel is NAP, and the number of antenna ports per panel is NP, there can be two types of UEs:
· Type 1: without antenna selection: NTXRU =  NAP X NP
· Type 2: with antenna selection: NTXRU <  NAP X NP
For type 1 UE, all antenna can be used simultaneously, but for type 2 UE, only a sub-set of antenna can be used at one time. Hence for type 2 UE, some antenna selection indication should be necessary. Hence when reporting the UE capability, the reporting of number of antenna ports, number of antenna ports per group and number of antenna ports group should be reported.
Proposal 1: when reporting the UE capability, the reporting of number of antenna ports, number of antenna ports per group and number of antenna ports group should be reported.
UL Codebook
For the UEs with multiple antenna panels, the panel selection should be necessary. One possible way is to define the panel selection based on some explicit indication, such as SRS resource index. Then both type 1 and type 2 UE could be supported easily. Another possible way is to support the panel selection by the codebook. However it is not easy to select the antenna panel only based on the codebook if the UE is using type 2 antenna structure. 
Further, the number of RF chains for one antenna panel at the UE side could be smaller than that in gNodeB side. Therefore, for small number of RF chains, the single stage based codebook should be sufficient. As discussed before, it is not easy to support multi-panel transmission in UL due to physical separation between different antenna panels. Hence the number of antenna ports in UL may not be quite high. Whether it is necessary to define the two stage based codebook should be for further studied. Hence it should be supported to use single stage codebook as well as some antenna ports group indication signaling.
To reduce the overhead of subband PMI indication, it is better to adopt nested structure in the codebook design, which means the precoding vector of low rank for one PMI should be the sub-set of the precoding matrix for the higher rank PMI. In this case, if the gNodeB would like to change the transmission rank, it does not necessarily need to indicate the subband PMIs again. Instead, the UE could directly use the precoder in the same PMI for a new rank.
Proposal 2: with regard to type 1 and type 2 UE antenna structure as well as limited number of TXRUs in one UE, single-stage based codebook as well as the indication of antenna ports group index should be supported.
Proposal 3: since each antenna panel is targeting to different direction and different coupling loss can be observed in different panels, the codebook should not take multi-panel based transmission into account.
Proposal 4: to save the overhead of subband PMI indication, the codebook should support nested structure for different rank at the same PMI.
Control Signaling
Channel delay spread could be different depending on the analog beamforming. For most cases, the delay spread for beamformed channel is smaller than that for non-beamformed channel. However for some cases, the delay spread may be increased after beamforming. Hence, the size of PRG should be configurable. 
After the size of PRG is indicated to the UE, the subband PMIs should be signaled by the gNodeB. However such information does not need to be indicated whenever the uplink transmission is required. Instead, the subband PMIs can be updated only when the gNodeB finds out better precoders. In this case, the following options to transmit the subband PMIs should be considered:
· Option 1: one level DCI
· Option 2: two level DCIs
· Option 3: MAC CE
· Option 4: DCI associated with PDSCH
For option 1, the payload size of the DCI is large especially if the PRG size is small and the number of transmission ports is large. For example, if the UE has 2 antenna ports, and one PRG contains 4 RBs, for a 100 RBs system bandwidth, the payload for the DCI could be about 66 bits with 16bits CRC. If the number of antenna ports gets higher, more DCI payload is required. 
For option 2, the UE has to decode two DCIs to get the exact precoders for each subband. Then more CCEs may be required and it is not easy for the gNodeB to determine whether both DCIs have been decoded successfully.  
For option 3, there should be some feedback from UE whether the subband PMIs are correctly decoded. The drawback of Option 3 is increased latency due to some feedback procedure. 
For option 4 the latency of the subband PMIs transmission could be slower as no feedback is needed. So if the subband PMIs are transmitted in subframe n, the gNodeB could assume they could be valid in subframe n+k, where k is the downlink decoding latency. The gNodeB could use different coding rate and modulation order for the DCI compared to the PDSCH. Moreover the REs close to the DMRS REs can be allocated to the DCI to increase the decoding performance of DCI. Therefore based on the above discussion, for UL subband precoding, it is better to use option 3 or option 4. 
Since the UL precoder may not be necessarily updated in each subframe, it could be de-coupled with normal uplink grant. The size of PRG can be configurable so that the payload size for subband precoder indication can be different. If the payload size is small (e.g. wideband precoding) and there is no PDSCH, UL precoding can be indicated by one DCI. If there is PDSCH for current UE or the payload size is large, option 3 or option 4 could be used to indicate the precoder for each subband.
Proposal 5: At least one of the following options UL subband precoding indication should be supported: MAC CE based; DCI associated with PDSCH.
3. Conclusions
In this contribution we have provided our views on codebook based UL subband precoding for NR. From the discussion, we have achieved the following observations and proposals.
Proposal 1: when reporting the UE capability, the reporting of number of antenna ports, number of antenna ports per group and number of antenna ports group should be reported.

Proposal 2: with regard to type 1 and type 2 UE antenna structure as well as limited number of TXRUs in one UE, single-stage based codebook as well as the indication of antenna ports group index should be supported.
Proposal 3: since each antenna panel is targeting to different direction and different coupling loss can be observed in different panels, the codebook should not take multi-panel based transmission into account.
Proposal 4: to save the overhead of subband PMI indication, the codebook should support nested structure for different rank at the same PMI.
Proposal 5: At least one of the following options UL subband precoding indication should be supported: MAC CE based; DCI associated with PDSCH.
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