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1. Introduction

In previous RAN1 meetings and email discussions, agreements regarding non-CB based UL MIMO transmission are made as follows:
Agreement:
· Only wideband SRI is supported in Rel-15 for non-codebook based UL transmission

· The above does not preclude frequency selective precoding on SRS

Agreement:
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded AP-SRS resource via DCI
· The DL measurement RS is a CSI-RS for CSI acquisition

· Specify the following mechanism for DCI signalling:

· Using the same field for AP-SRS resource triggering 

· Association between triggering state, triggered SRS resource(s) and the CSI-RS resource ID is higher layer configured

· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded P/SP-SRS resource via higher layer signalling
· The DL measurement RS is a CSI-RS for CSI acquisition

· AP-SRS(s) association with P(>1)-port AP-CSI-RS: 

· AP-CSI-RS can be transmitted in the same slot as the DCI containing AP-SRS trigger. 

· The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. 

· FFS: The scope of X and whether the AP-SRS and AP-CSI-RS can be in the same slot

· AP/SP/P-SRS(s) association with P(>1)-port P/SP-CSI-RS

· Timing of UL precoder calculation based on the associated CSI-RS is up to UE implementation

Agreement:
When a UE is configured with multiple SRS resource sets, one of three behaviors below applies:

· Alt 1: Only one resource in each of multiple SRS sets can be transmitted at a given time instant 

· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously 

· Alt 2: All resources in one of a UE’s SRS resource sets can be transmitted simultaneously 

· The SRS resources in different SRS resource sets may or may not be transmitted simultaneously

· Alt 3: A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously 

· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously

· Select in RAN1#91 which of the three behaviors is supported and strive to minimize the impact on SRS configuration framework

· FFS: whether or not specification in addition to UE capability is needed to support the selected behavior 

· The UE can indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources per set, and/or, for Alt 3), either 

· per subset, or

· the supported number of SRS resources that can be transmitted simultaneously per set

· Decide in RAN1#91 if this applies to either UL beam management or non-codebook based precoding, or to both UL beam management/non-codebook based precoding

In this contribution, we discuss remaining details on non-codebook based transmission for UL.
2. Discussion
The three alternatives to be down-selected for UE behaviours to transmit SRS on configured SRS resources associated to multiple SRS resource sets had been identified as an outcome of RAN1#90bis email discussion#12. There has been many debates on the concept, necessity, and usage of the SRS resource grouping. In our view, most important two information about the UE are the number of UE panels and the maximum number of simultaneously transmittable beams(or the number of TXRUs) per UE panel. The first information is important to address different UE implementations, especially related to the coherency capability of the UE as agreed to be introduced in RAN1#90bis. Some UEs may have perfect calibration capability across different panels but some UEs do not. For the UEs having non-ideal calibration capability across different panels, UE should not be requested to do coherent transmission using UL antenna ports from multiple panels. Note that UE can still be requested to do coherent transmission using UL antenna ports from the same panel in this case. The second information is needed for gNB to know how many SRS resources can be FDMed. For example, if UE has two panels and the maximum number of simultaneously transmittable beams per panel is four, gNB can configure up to 8 FDMed SRS resources to the UE. In other words, gNB should not configure more than 8 FDMed SRS resources to the UE. The information is also important to determine maximum UL rank for non-codebook based operations. In this regard, we propose that each SRS resource set should refer to each UE panel and UE reports the supported number of SRS resources that can be transmitted simultaneously per set to the gNB. 
Proposal 1: Support the following UE capability information for non-codebook based UL
· The supported number of SRS resource sets
· Note: This may correspond to the number of panels
· The supported number of SRS resources that can be transmitted simultaneously per set
· Note: This may correspond to the maximum number of FDMed beams/ports per panel
· Port coherency capability across different SRS resource sets

The exact number of beams a UE can produce would also be needed for UL beam management purpose for gNB to know how many SRS resources and symbols per resource would be required for U-1/U-2/U-3 procedures, but the information seems not necessary for non-codebook based operation because non-codebook based operation would be done based on full/partial reciprocity of the wireless channel. Especially for partially reciprocal environment(i.e. long-term reciprocity holds but short-term reciprocity does not), UE can try different beamforming for different SRS transmission based on estimated DL channel and the number of trials can be guided by gNB. In other words, the required number of trials would not necessarily be reported to the network.
Observation1: For non-codebook based operation, the exact number of SRS resources per set seems not needed to be reported.
Following above principle, gNB can configure multiple SRS resource sets to a UE. In this case, UE transmits multiple FDMed and/or TDMed SRS resources within a set from the same panel. From specification point of view, UE can assume the set indices configured by gNB map to the set indices reported by UE capability since ‘panel’ is an implementation oriented terminology that needs to be avoided in RAN1 specification. We think this is enough for specification perspective, since TDM/FDM of multiple SRS resources would be handled by gNB with the reported UE capability. If we choose one from the three alternatives, our preference is Alt 3 that aligns well with above principle and compatible with various UE implementations. 
Proposal 2: When UE is configured multiple SRS resource sets, UE can assume the set indices configured by gNB map to the set indices reported by UE capability. 

Proposal 3: Support Alt 3 (A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously)
· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously
3. Conclusion

This contribution discussed non-codebook based transmission for UL in NR. The following proposals are given, based on the discussion:
Proposal 1: Support the following UE capability information for non-codebook based UL
· The supported number of SRS resource sets
· Note: This may correspond to the number of panels
· The supported number of SRS resources that can be transmitted simultaneously per set
· Note: This may correspond to the maximum number of FDMed beams/ports per panel
· Port coherency capability across different SRS resource sets

Proposal 2: When UE is configured multiple SRS resource sets, UE can assume the set indices configured by gNB map to the set indices reported by UE capability. 

Proposal 3: Support Alt 3 (A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously)
· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously
