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1	Introduction
Decent progress has been made in RAN1 for the detail design of non-codebook based transmission for NR uplink. The detail design includes support of SRI only signaling, mapping between SRS resource and SRS ports, wideband SRI support, linkage between CSI-RS and uplink precoding determination, UE coherence capability, and support of multiple SRS resource sets. 

The SRI only (without TPMI) signaling is supported for non-codebook based transmission, with the RAN1 agreements from [1]: 
	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



The mapping between SRS resource and SRS port has been agreed as the working assumption [2] and the WA was later confirmed:
	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


Each SRS resource will be configured one SRS port at a time for non-codebook based UL transmission, based on the agreements.
On the support of frequency selection precoding for non-codebook based UL transmission, only wideband SRI is supported as the agreement from [3]:
	Agreements:
· Only wideband SRI is supported in Rel-15 for non-codebook based UL transmission
· The above does not preclude frequency selective precoding on SRS



The linkage between CSI-RS and UE’s determination of UL precoder is agreed in [3] to support the DL measurement indication (CSI-RS indication):
	Agreements:
· 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



In the last RAN1 meeting, UE capability to support coherence transmission is supported with three levels of coherence capability [3]:
	Agreements:
NR supports 3 levels of UE capability for UL MIMO transmission 
· Full coherence
All ports can be transmitted coherently
· Partial coherence
Port pairs can be transmitted coherently
· Non-coherence
No port pairs can be transmitted coherently
TPMI codewords from the codebook are used by gNB accordingly



The UE coherence capability can be extended to SRS coherence ports, as the agreed definition in [3]:
	Agreements:
For 1 SRS resource
· Full coherence
· All ports corresponding to ports in an SRS resource can be transmitted coherently
· Non-coherence
· All ports corresponding to ports in an SRS resource are not transmitted coherently
· Partial coherence
· Ports pairs corresponding to ports in an SRS resource can be transmitted coherently



With this definition of UE coherence capability, it is possible to use multiple SRS resource sets for non-codebook base transmission. An email discussion on SRS grouping has reached an agreement of this proposal [4]:
	Agreements:
Proposal
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




With these progress, there are still a few remaining issues for non-codebook based transmission. This contribution addresses two remaining issues for non-codebook based transmission: 
i. support of frequency selective precoding,
ii. and support of multiple SRS resource sets.

2	Support of frequency selection precoding
For non-codebook based transmission, RAN1 has agreed to support frequency selective precoding when the transmission port is greater than 2, and when the UE is configured. This indicates that subband based precoding for PUSCH transmission shall be used when the subband precoding is configured. 
Only wideband SRI is supported in Rel-15 for non-codebook based UL transmission, as agreed in last meeting [3]. No subband SRI is supported for Rel-15, indicating that gNB won’t be able to indicate SRS at subband level. However, subband based SRS precoding is still possible. UE can pick its subband SRS precoding based on its associated CSI-RS measurement. For multiple SRS resources, each SRS resource can include its own subband precoding. With wideband SRI, the UE can select its subband PUSCH precoders based on the selected SRS resource with its SRS subband precoding. 
Note that there is no specification impact to support frequency selection precoding for non-codebook based transmission. The DCI signaling is only the wideband SRI. The choice of subband SRS precoding is pure UE’s implementation. gNB only use wideband SRI to indicate one of potential SRS resources, which may use UE’s selection of precoders at subband level. With this observation, we propose
Proposal 1: There is no explicit specification support of frequency selection precoding for non-codebook based transmission.
With this proposal, frequency selection precoding is still possible; however, the choice of subband precoders becomes UE’s implementation issue.

3	Operation with multiple SRS resource sets
RAN1’s design of non-codebook based transmission with single SRS resource set is quite clear. UE measures CSI-RS to select a set of candidate SRS resource. UE initiates multiple SRS transmission with multiple SRS resource. Each SRS resource will be mapped to one SRS port. Given the maximum number of supported SRS ports is 4, there are maximum 4 SRS resources per SRS resource set. Upon the receipt of SRS transmission, gNB transmits wideband SRI as a bitmap in uplink grant of DCI. The UE shall follow the SRI for its precoded PUSCH transmission.
One key issue for uplink MIMO is to address a hybrid of coherent and non-coherent transmit ports. As defined in [3], there are three levels of UE coherence capabilities, also led to three types of SRS coherence ports: full coherence, non-coherence, and partial coherence. Non-codebook based transmission shall be the natural fit to support UE transmission with different types of coherence ports.
Multiple SRS resource sets could be the good concept to support transmission with different coherent levels. This concept can be applied for multi-panel transmission as well. For partial coherence, it is beneficial to use multiple SRS resource sets to support partial coherence UE. For example, a partial coherence UE may have a total of 4 SRS ports with two sets of x-pol ports. The two cross-polarization ports within one set are coherent, while there is no coherence between the two sets of ports. Two SRS resource sets can be used for this implementation.
Based on the email discussion on multiple SRS resource sets [4], there are three alternatives regarding the SRS resource transmission in one or among multiple SRS resource sets:
· 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
The issue is related to whether UE can simultaneously transmit different SRS resource within a SRS resource set or cross different SRS resource sets. Such limitation on simultaneous transmission is necessary because of the limited maximum transmission power of UE. Flexible or arbitrary simultaneously transmitting won’t be efficient for UE to allocate its limited Tx power for performance and coverage. 
This issue can be applied for both uplink CSI acquisition and uplink beam management; however, we shall focus on the application to CSI acquisition here.
Two key issues are related with these three alternatives:
1. In one SRS resource set, whether one, a subset, or all of SRS resources can be transmitted.
2. Among different SRS resource sets, whether one or a subset of SRS resources can be transmitted.
With one SRS resource set, all related SRS ports are coherent. Since it is agreed that only one SRS port is configured for one SRS resource, it is beneficial to concentrate Tx power on a limited number of SRS resources. Therefore, we shall support only one resource or two resources in one of UE’s SRS resource sets can be transmitted simultaneously. This proposal is very close to Alt 1.
Proposal 2: Support simultaneous transmission of one SRS resource or two SRS resources in each of multiple SRS resource sets. 
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4	Conclusions
This contribution addresses two remaining issues for non-codebook based transmission: frequency selective precoding, and the support of multiple SRS resource sets. We propose:
Proposal 1: There is no explicit specification support of frequency selection precoding for non-codebook based transmission.
Proposal 2: Support simultaneous transmission of one SRS resource or two SRS resources in each of multiple SRS resource sets. 
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