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Introduction
In RAN1-NR #1, it was agreed to support non-codebook based transmission for uplink [1].  
	Agreements:
· 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


In this contribution, we discuss the details of beam/precoder determination procedure for non-codebook based transmission.
Discussion
Definition of non-codebook based transmission
In RAN1#89, there was a discussion about what signalling should be used for UL Tx beam/precoder determination in Scheme B, e.g., SRI, TPMI or nothing. According to the definition of Scheme B, TPMI seems not to be suitable for this purpose. Because, although scheme B is defined as non-codebook based transmission, TPMI based group indication is a kind of codebook based transmission, i.e., precoder selection from a codebook. While codebook is designed assuming specifc Tx antennas pattern, non-codebook based transmission allows UE to determine an optimal precoder considering its antenna deployment. Such flexibility is one of biggest benefits of non-codebook based transmission. Therefore TPMI should not be used for precoder determination in non-codebook based transmission. TPMI based group indication can be discussed for Scheme A, i.e., codebook based transmission, if needed.
Observation 1: According to the definition of Scheme B, it’s not preferable that TPMI is used for beam determination in Scheme B. TPMI based group indication can be discussed for Scheme A if needed.
Interference management
When discussing non-codebook based transmission, remedy for out-going interference and in-coming interference should be considered. Out-going interference means unintended inter-cell interference to neighbour cells due to UE-determined beam. In-coming interference includes UL interference in MU-MIMO. As far as out-going interference is concerned, UE can determine preferable beam/precoder avoiding causing interference based on inter-cell DL signal measurement when UE holds beam correspondence and full channel reciprocity exists. Regarding in-coming interference, accurate channel quality is known at gNB side while UE isn’t aware of UL interference. Hence, TRI and MCS should be determined by gNB.
Observation 2: UE can avoid causing interference to neighbor cells by determining precoder based on inter-cell DL measurement.
Observation 3: gNB can determine appropriate RI and MCS taking UL interference into account.
Beam/precoder determination and link adaptation procedure
Taking what we discussed above into account, following procedure is preferable. First, UE determines Tx precoders, e.g., hybrid beam forming, based on DL CSI-RS measurement. The number of precoders is equal to maximum number of PUSCH transmission ports, i.e., maximum rank, and precoders are identical for the transmission ports. UE transmits SRS using the precoders on a single SRS resource with multiple SRS ports, where the number of SRS ports is equal to that of the precoders. Then gNB signals UL grant including TRI and MCSs based on the SRS measurement. If enough channel quality is not observed, gNB can drop some of the UE-determined precoders by TRI indication. In other words, when TRI is smaller than the number of SRS/PUSCH transmission ports, lower numbered precoders are used. For example, when the maximum number of ports is 4 and TRI is 3, precoders indexed #0, 1, 2 are used for PUSCH port #0, 1, 2 respectively. Although there is an argument that multiple SRS resources with single SRS port should be used, the use of multiple SRS resources increases signaling overhead, e.g., more SRS resources and SRI indication. On the other hand, with TRI-based precoder selection, there is an advantage on signaling reduction, i.e., no SRI is needed. SRI-based precoder selection has also some benefit on flexibility of precoder selection. For example, gNB can select precoders with index #0 and 2 for two-layer transmission. However, further investigation will be needed before deciding to support SRI based precoder determination because it need more signalling.
Proposal 1: Precoder for PUSCH transmission should be determined by UE, while UL grant including TRI and MCS should be given by gNB after UE determining the precoder.
· gNB can drop some of UE-determined precoders by indicating TRI if enough channel quality is not expected.
Proposal 2: A single SRS resource with multiple SRS ports should be used for the link adaptation.
· FFS: Multiple SRS resources and SRI indication
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Figure 1: Beam/precoder determination and link adaptation procedure
Conclusion
In this contribution we discussed the details of non-codebook based transmission. Our observations and proposals are as followed:
Observation 1: According to the definition of Scheme B, it’s not preferable that TPMI is used for beam determination in Scheme B. TPMI based group indication can be discussed for Scheme A if needed.
Observation 2: UE can avoid causing interference to neighbor cells by determining precoder based on inter-cell DL measurement.
Observation 3: gNB can determine appropriate RI and MCS taking UL interference into account.
Proposal 1: Precoder for PUSCH transmission should be determined by UE, while UL grant including TRI and MCS should be given by gNB after UE determining the precoder.
· gNB can drop some of UE-determined precoders by indicating TRI if enough channel quality is not expected.
Proposal 2: A single SRS resource with multiple SRS ports should be used for the link adaptation.
· FFS: Multiple SRS resources and SRI indication
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