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1. Introduction
In RAN1 NR Ad-Hoc Meeting, it has been agreed that NR in the UL supports 3 transmission schemes: codebook based, non-codebook based and diversity based transmission schemes. 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 this contribution, we will provide some discussions on the non-codebook based transmission including the indication of DL measurement RS and the UL precoder determination mechanism.
2. Discussion
Indication of DL Measurement RS
For non-codebook based transmission scheme, if reciprocity can be confirmed, the UE can get the downlink channel from downlink reference signals, e.g. CSI-RS, and estimate the uplink precoder based on the downlink channel measurements. In this case, for the downlink reference signal reception, the same TRP and UE beams as that applied to PUSCH should be used. If the reciprocity cannot be achieved, the UE could still estimate some channel characteristics such as AoA and ZoA based on the downlink RS. 
It has been agreed that UE and TRP can maintain more than one beam pair links. In this case it is necessarily to indicate to the UE which link to be used for the measurement. If such signalling is available, UE could also determine the transmission power based on the measurement for the corresponding link. 
Re-use the DL links for UL links may result in some restrictions on UL scheduling. Due to antenna limitation gNodeB may not be able to schedule multiple UEs by using different Rx beams. Figure 1 illustrates one example of the possible scheduling limitation when the gNodeB only has one antenna panel. Multiple UEs may have different links and there may not be overlapping links among the corresponding UEs. Then to schedule the UEs simultaneously, one possible way is to select one Rx beam which should be correlated to the optimal beam in the measured link. However since the UL precoder has been derived based on the measured links, UL precoder for the correlated beams may not be valid. To release the uplink scheduling limitation, the number of measured DL beams could be more than that of maintained links and beam which are highly correlated to the beams in the maintained links should be also considered as the measured DL beam.

Figure 1: Example illustrating scheduling limitation
Proposal 1: To determine the UL precoder, NR should support signalling indicating the downlink RS associated with beam pair links for the measurements. Downlink RS associated with beams highly correlated DL beam pair links can also be considered as the measured downlink RS.
Mechanisms for UL Precoder Determination
After measurements on  the corresponding downlink RS, the following options can be considered  for determination of the UL precoder as well as the MCS.
· Option 1: non-precoded SRS
· Option 2: precoded SRS
· Option 3: hybrid non-precoded and precoded SRS

For option 1, the gNodeB could determine the rank and calculate the precoder based on the non-precoded SRS. Then gNodeB could configure the rank of precoder to the UE and the UE could use corresponding downlink RS to calculate the precoder. If the channel reciprocity can be confirmed and the channel condition is good enough, which means the UL and DL SINR could be high enough so that both the gNodeB and UE could estimate the channel well based on the UL and DL RS, the precoder calculated in both UE and gNodeB side could be quite similar. Then the MCS could be quite accurate. However if the channel coding is not good, the estimated channel in gNodeB side based on non-precoded SRS and that in UE side based on DL measured RS could be different. Then there may be some MCS estimation error in gNodeB side.
For option 2, it is not easy to determine the rank as the gNodeB cannot get the non-precoded channel. Then one possible way is to configure the maximum rank for the UE and the UE could apply the precoders with different ranks so that the gNodeB could select the rank according to multiple precoded SRS. If the maximum rank is large, the overhead of precoded SRS may be an issue.
For option 3, the gNodeB could use the non-precoded SRS to determine the rank and then configure the rank for the next precoded SRS and estimate the MCS based on the precoded SRS. Then the issue could be the latency.
Figure 2 illustrates the procedures for the three considered options. The option 1 can work with low latency and low overhead, but it has high requirement on the channel condition. The option 2 could have high overhead if the maximum rank is large. If the maximum rank is N, the UE has to transmit the precoded SRS with rank 1, 2, …, N-1 precoder. Hence this option is more suitable for smaller number of antenna ports. The option 3 needs additional procedure to determine the rank, which could increase the latency for the precoder calculation. However option 3 could work when the channel conditions are not good enough and when number of antenna ports is large. Therefore different options could serve different use cases. The non-precoded and precoded SRS should be supported to accomplish the procedures in the different options, and which option to be used can be configurable.

Figure 2: Possible procedures to determine the UL precoder
Proposal 2: Non-precoded SRS and precoded SRS should be supported and the mechanisms to determine the UL precoder should be configurable based on the following options:
· Option 1: non-precoded SRS
· Option 2: precoded SRS
· Option 3: hybrid non-precoded and precoded SRS

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: To determine the UL precoder, NR should support signalling indicating the downlink RS associated with beam pair links for the measurements. Downlink RS associated with beams highly correlated DL beam pair links can also be considered as the measured downlink RS.
Proposal 2: Non-precoded SRS and precoded SRS should be supported and the mechanisms to determine the UL precoder should be configurable based on the following options:
· Option 1: non-precoded SRS
· Option 2: precoded SRS
· Option 3: hybrid non-precoded and precoded SRS
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