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Introduction
In RAN1#90 and NR-AH3, the following agreement and working assumption on UL MIMO were made [1][2]:
	Agreements:
· For PUSCH precoder determination in non-codebook-based UL MIMO, support Alt.1, (i.e., at least SRI(s) only without TPMI indication in the UL grant) for wideband indication.
· Note: The gNB should only signal SRI(s) such that the UL precoding transmission inferred from the signaled SRI(s) can be simultaneously conducted by the UE. 
· FFS details
· FFS: If sub-band indication is supported, down-select Alt. 1-3 for it

Working assumption
· For PUSCH precoder determination using wideband SRI only indication in non-codebook based UL MIMO, only one SRS port per SRS resource can be configured 
· Note: to support high rank transmission, multiple SRS resources should be indicated
· FFS: subband SRI indication
· FFS: Details of DCI for wideband SRI indication
· FFS: Details on how to reduce the overhead and SRS resource



[bookmark: _Ref446598547]This contribution addresses further details related to the highlighted part of the agreement. 

Multiple SRIs
1 
For non-codebook-based transmission, SRI serves the function of TPMI used in codebook-based transmission – although in a different manner. In codebook-based transmission, the gNB selects the precoder (used for UL transmission) from a predetermined codebook and indicates the selection via TPMI. In non-codebook-based transmission, the gNB selects the precoder from precoded SRS transmitted by the UE and indicates the selection via SRI. Here, SRI is an index/indicator to an SRS resource. The SRS resource is associated with N ports and a certain SRS bandwidth. Therefore, SRI is frequency selective or non-selective to the extent that the associated SRS resource is frequency selective (partial band) or non-selective (“wideband”).   
According to the agreement in RAN1#90 and NR-AH3, multiple SRIs can be configured for “wideband indication.” While the meaning of this phrase is unclear, it seems to indicate that the SRS resource is configured to be “wideband” (transmitted over the entire UL system bandwidth). In this case, an immediate use case for multiple SRIs (Use Case 1) is for spatial multiplexing – relevant especially for high-frequency operation when fully analog beamforming architecture is used. Here, each of the K>1 SRS resources comprises N=1 port. Here, the gNB selects the precoder for UL data transmission (UE-assisted, gNB-centric) where SRI implicitly performs the function of TPMI. How CSI-RS is utilized in this case remains unclear. If configured this way, the UE can infer the number of UL transmission layers simply from the number of SRIs. If rank adaptation is to be done, the number of SRIs will vary since each SRI (to some extent) is associated with a transmission layer. 
The rationale of Use Case 1 is as follows. At higher frequencies, spatial multiplexing cannot be performed across multiple digitally-precoded antenna ports since digital precoding is infeasible. This, however, seems relevant only for fully analog beamforming architecture where only one digital port is available. In this sense, multiple SRIs are used to facilitate UL frequency non-selective precoding. The number of layers is implicitly indicated by the number of SRIs or, alternatively, the selected SRS resources. TRI is not needed.
As implied in the above discussion, the other use case (Use Case 2), multiple SRIs can be used to enable frequency selective precoding wherein each SRI can be associated with a particular subband. For this use case, each SRS resource can be associated with N>1 ports and for each resource. Strictly speaking, TRI is needed for each of the SRS resources. However, assigning different number of layers across different subbands leads to layer/RE mapping complexity. Therefore, one TRI is used in conjunction to multiple SRIs.

Observation: Multiple SRIs can be used as follows:
· [Use case 1] When each SRS resource is associated with N=1 port, multiple SRIs facilitate UL spatial multiplexing with frequency non-selective precoder
· TRI is not required 
· [Use case 2] When each SRS resource is associated with N>1 ports and a part of the UL system bandwidth, multiple SRIs facilitate UL spatial multiplexing with frequency selective precoder
· A single TRI (associated with all the SRIs) may be required 

When used for frequency non-selectively precoded spatial multiplexing, the UL-related DCI should include M SRIs where M is associated with the maximum number of layers the UE is configured with. While M should be designated as a UE capability, the maximum possible M for Phase I NR seems to be 4. Furthermore, following CSI-RS, the maximum value of K is 8. Therefore, it seems that an UL-related DCI must include M SRIs wherein each SRI is of 3 bits. However, a more efficient manner to signal the choice of L≤K selected SRS resources is simply to use a length-K bitmap. That is, if the maximum value of K is 8, an 8-bit bitmap is sufficient. The number of layers is the number of non-zero values in the bitmap. 
The applicability of UL frequency selective precoding for NR is still unclear. Therefore, supporting “subband SRI” seems premature considering the time limitation.  
 
Proposal: Introduce the following components into UL-related DCI:
· Length-K bitmap indicating the L selected SRS resources (where L is the assigned number of UL transmission layers)
· Use case 2 (for frequency selective precoding) is not supported in Phase I

2 Conclusions
In this contribution, Samsung’s view on UL non-codebook-based transmission for NR is presented. Our observation is summarized as follows:
· Multiple SRIs can be used as follows:
· [Use case 1] When each SRS resource is associated with N=1 port, multiple SRIs facilitate UL spatial multiplexing with frequency non-selective precoder
· TRI is not required 
· [Use case 2] When each SRS resource is associated with N>1 ports and a part of the UL system bandwidth, multiple SRIs facilitate UL spatial multiplexing with frequency selective precoder
· A single TRI (associated with all the SRIs) may be required 
The following proposal is made
· Introduce the following components into UL-related DCI:
· Length-K bitmap indicating the L selected SRS resources (where L is the assigned number of UL transmission layers)
· Use case 2 (for frequency selective precoding) is not supported in Phase I
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