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1 Introduction

In RAN#80 meeting, specifications of NR Rel-15 were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on maintenance for the details of NR Rel-15.  There are some issues on MIMO transmission schemes, including codebook and non-codebook based UL. We provide our views on these open issues in this contribution.
2 Codebook based UL
Valid configurations of spatialRelationInfo
NR has introduced multiple SRS resources for codebook based UL transmission. UE transmits up to two SRS resources in the resource set. gNB selects one of the two resources and indicates the selection via SRI to UE. The use cases of supporting SRI indication in codebook based UL includes the support of multi-beam operation and multi-panel operation.
To support multi-beam operation, UE would use different transmit beams to transmit SRS. The beams used by UE is configured via spatialRelationInfo. In this use case, the following configurations are possible in current specification, but the corresponding UE behavior or use case is not clear.
· Only one of the resources is configured with spatialRelationInfo. Then it’s not clear to the UE how to determine the beam for the other resource. It would also confuses gNB how to determine the receive beam for the other resource. Moreover, the use case to support this configuration is not clear. This configuration should be avoided.
· A same spatialRelationInfo is configured for these two resources. This is equivalent to configure just one SRS resource. If both resources are configured with spatialRelationInfo, the UE shall be configured with different ones.

For the use case to support panel selection via SRI, SRS resources are transmitted in different UE antenna groups. One implementation approach is to configure the two different SRS resources with spatialRelationInfo indicating SRS for antenna switching. For example, for a two-panel UE with two antennas in each panel, gNB can configure the two SRS resources for codebook based UL. Each resource has two ports and is configured with a 2T4R SRS resource for antenna switch. Then a joint selection of panel and TPMI can be achieved for codebook based UL. In some cases, e.g., two SRS resource with 4 ports in each resources, gNB cannot configure a 4T8R SRS resource for antenna switch in spatialRelationInfo. Then gNB doesn’t need to configure spatialRelationInfo for any of the two resources. In this case, the UE behavior to transmit SRS resources shall be clarified. The SRS resources shall be associated with different UE antennas. As the selection of UE antennas is equivalent to use a proper spatial filter which is a selective vector, the two SRS resources shall have different spatial-domain filter. 
Based on the above analysis, we have the following proposal to clarify valid configurations for spatialRelationInfo in codebook based UL.
Proposal 1: For the SRS resources of codebook based UL, both or none of the resources are configured with spatialRelationInfo

· If both resources are configured with spatialRelationInfo, UE is not expected to be configured with a same spatialRelationInfo

· If none of the resources is configured with spatialRelationInfo, the SRS resources shall have different spatial-domain filters
Clarification of SRI indication

In current NR specification, up to 2 resources can be configured in each BWP for codebook based UL. In DCI format 0_1, 1-bit SRI is indicated to select one SRS resource from 2 SRS resources. However, as SRS is configured per BWP with local resource index, this 1-bit SRI cannot carry the BWP information. Hence UE would not know which SRS resource should be selected from all the BWPs. 
The following two Alts can be identified to solve the above issue.

Alt 1: The SRS resource indicated by SRI is from the active BWP.

Alt 2: The SRS resource indicated by SRI is from the BWP indicated in the same DCI.

There are several issues for Alt 2. Firstly, if the BWP indicated in the same DCI is not the active BWP, the SRS resources configured in the new BWP may not have been transmitted, or be transmitted long time ago. This would degrade the SRI indication performance a lot as the beam is dynamically changed. Further, Alt 2 is not a complete solution as the issue still exists if there is no BWP indication in this DCI.

For Alt 1, one may argue that there would be cross-BWP indication, i.e., the scheduled PUSCH and the indicated SRS resource may come from different BWPs. However, as beam and panel is usually a wide-band information, this is not a big issue. Further, cross-BWP beam determination has been supported in NR as spatialRelationInfo can be configured for SRS in a different BWP. 
Same issues exist for SRI indication in non-codebook based UL, where the same solution should be applied.
Proposal 2: For codebook based and non-codebook based UL, the SRS resource(s) indicated by SRI shall come from the active BWP.
3 Non-codebook based UL
Valid configurations of spatialRelationInfo
Similarly as the analysis for codebook based UL, in current specification, there are some configurations which are possible configurations for spatialRelationInfo in non-codebook based UL without clear use case or UE behavior.
The use cases for non-codebook based UL include reciprocity based UL operation, beam selection and antenna selection through SRI. 

· For reciprocity based UL operation, a CSI-RS resource can be configured to all the SRS resources or the SRS resource set through either spatialRelationInfo or associatedCSI-RS. 

· For beam selection, an SRS for beam management can be configured in spatialRelationInfo to let UE determine the transmit beam of each SRS resource for NCB based UL.

· For antenna selection, an SRS resource for antenna switch can be configured in spatialRelationInfo to let UE determine the transmit antenna of each SRS resource for NCB based UL.

Besides the above configurations, the current specification also allows configuring neither spatialRelationInfo for the SRS resources for NCB based UL nor associatedCSI-RS for the resource set. For this type of configuration, UE would not know how to determine the UL Tx spatial filter. It will also cause confusion for gNB on how to determine the correct receiver, e.g., the correct receive beam. The use case to support this type of configuration is also not clear. Hence we have the following proposal.

Proposal 3: For non-codebook based UL, either spatialRelationInfo for all the SRS resources or associatedCSI-RS for the SRS resource set shall be configured.
4 Conclusion

In this contribution, we analyze some remaining issues on codebook based and non-codebook based UL. Based on the above discussion. We have the following proposal.
Proposal 1: For the SRS resources of codebook based UL, both or none of the resources are configured with spatialRelationInfo

· If both resources are configured with spatialRelationInfo, UE is not expected to be configured with a same spatialRelationInfo

· If none of the resources is configured with spatialRelationInfo, the SRS resources shall have different spatial-domain filters
Proposal 2: For codebook based and non-codebook based UL, the SRS resource(s) indicated by SRI shall come from the active BWP.
Proposal 3: For non-codebook based UL, either spatialRelationInfo for all the SRS resources or associatedCSI-RS for the SRS resource set shall be configured.
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