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1. 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 determination procedure for non-codebook based transmission.
2. Discussion
Frequency-selective precoding brings larger gain than wideband precoding when UE equips large number of Tx antennas. However, at the same time, it brings large signalling overhead if gNB indicates beam indices in every UL grant, e.g., codebook-based transmission. An alternative solution is to allow UE to determine its Tx beam, e.g., reciprocity based beam determination, so that gNB doesn’t need to signal beam indices. UE-based beam determination is beneficial to reduce signalling overhead when UE holds beam correspondence.

Proposal 1: Support UE to determine UL Tx beam for PUSCH based on measurement of DL RS when UE holds beam correspondence.
There is an argument that UE-based beam determination can cause inter-cell interference if full flexibility of beam determination is given to UE. In order to avoid this, we propose to support gNB to indicate DL signal, e.g., CSI-RS resource, that is used to determine UL Tx beam. UE is requested to adjust UL Tx beam to gNB beam transmitting the DL CSI-RS. As shown in Fig. 1, UE adjusts UL Tx beam to gNB beam according to the variation of propagation channel. Since gNB beam is fixed as long as same CSI-RS resource is indicated, gNB doesn’t need to adjust its Rx beam when UE updates Tx beam.
Proposal 2: Support gNB to indicate DL signal, e.g., CSI-RS resource, that is used to determine UL Tx beam.
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Figure 1: UE-based UL beam determination

Furthermore other schemes to avoid unintended inter-cell interference due to UE-determined beam can be considered. For example, gNB configures condition for the beam determination, e.g., metric such as RSRP or SINR of DL signal. Another option is to specify UE performance in RAN4.
Proposal 3: Further schemes to avoid unintended inter-cell interference due to UE-determined beam can be considered:

· Opt.1:  RRC configuration of  metric for beam determination, e.g., RSRP or SINR of DL signal
· Opt.2: UE performance specification in RAN4

In addition, it is beneficial that gNB can switch which of the UE or gNB to determine UL Tx beam. As shown in Fig. 2, when UE is located near TRP, interference from other cells is  relatively small. In this case, it is appropriate to operate by UE-based beam determination, since beam correspondence is achieved thanks to high uplink SINR. On the other hand, as UE moves to cell edge, risk of suffering inter-cell interference increases and it is appropriate to select gNB-based UL beam determinition. Hence, we propose to support dynamic switching between beam determination by UE and indication by gNB, e.g., TPMI and/or SRI.　The switching mechanism is beneficial to keep robustness against interference. 
Proposal 4: Support gNB to indicate UL Tx beam for PUSCH by beam indication, e.g., TPMI and/or SRI, in case that there is a risk that UE causes inter-cell interference, e.g, when UE is located cell at edge.
Proposal 5: Support dynamic switching between beam determination by UE and indication by gNB.
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Figure 2: Dynamic switching between beam determination by UE and indication by gNB
Specific procedure is described in Fig. 3. First of all, UE transmits non-precoded SRS, and then gNB determines whether to allow UE to determine UL Tx beam according to the received SRS signal quality. When gNB allows UE to determine UL Tx beam, gNB gives allowance for beam determination to UE. Otherwise gNB indicate UL Tx beam. The allowance can be one of beam index, e.g., if index #0 is received as TPMI beam is determined by UE, otherwise UE follows the indicated indices. In both cases, MCS and RI can be calculated using received SRS.
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Figure 3: Beam determination procedure
3. Conclusion

In this contribution we discussed the details of non-codebook based transmission. Our observation and proposals are as followed:
Proposal 1: Support UE to determine UL Tx beam for PUSCH based on measurement of DL RS when UE holds beam correspondence.

Proposal 2: Support gNB to indicate DL signal, e.g., CSI-RS resource, that is used to determine UL Tx beam.

Proposal 3: Further schemes to avoid unintended inter-cell interference due to UE-determined beam can be considered:

· Opt.1:  RRC configuration of  metric for beam determination, e.g., RSRP or SINR of DL signal
· Opt.2: UE performance specification in RAN4

Proposal 4: Support gNB to indicate UL Tx beam for PUSCH by beam indication, e.g., TPMI and/or SRI, in case that there is a risk that UE causes inter-cell interference, e.g, when UE is located cell at edge.
Proposal 5: Support dynamic switching between beam determination by UE and indication by gNB.
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