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1. Introduction
In RAN1 #90bis and the post meeting email discussion [90b-NR-12], the following alts are agreed for SRS grouping [1]. 

· 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 give our views on grouping issue for non-codebook-based UL transmission.
2. Discussion of SRS resource grouping 
Use cases for SRS grouping
SRS resource grouping is a useful tool to solve the issue of analog beam restriction when beamformed SRS is used. Generally, when UE sends SRS for gNB measurement, the SRS resources occupy different time/frequency resources to distinguish different analog/digital beams. Only one analog beam is allowed to be transmitted from one TXRU at each time instant. If gNB indicates more than one beams used for higher rank transmission, SRS grouping lets gNB to acknowledge which beams can be transmitted simultaneously. This prevents gNB to make incorrect decisions for higher rank transmission.

Generally, both UL beam management and non-codebook based UL require beamformed SRS to do analog/digital beam selection. In particular for non-codebook based UL, UE can derive candidate beams based on measuring DL RS or from UL beam management. 

-
In the case UE derives candidate beams based on measuring DL RS: Eventually gNB indicates the precoder used for PUSCH transmission via SRI based on measuring beamformed SRS, since gNB can make a decision considering information from the whole cell(s), e.g., estimation of UL interference. UE does not know whether which candidate beams are better to perform rank-2 transmission. Then in the configured SRS resources, UE would transmit SRS resources containing the candidate beams. On the other hand, from gNB's point of view, it does not know which beams cannot be transmitted simultaneously if SRS grouping is not supported. After measurement, gNB may make a wrong decision to force UE perform impossible rank-2 transmission. Therefore, SRS grouping is necessary for non-codebook based UL transmission.

-
In the case UE derives candidate beams based on beam management: SRS resource grouping configuration can be configured in the UL beam management procedure, gNB would know which beams can be transmit simultaneously and which cannot when configuring SRS resources for non-codebook UL transmission.

Based on the above analysis, it can be seen that SRS resource grouping configuration should be an independent feature which can be used on both UL beam management and non-codebook based transmission. When gNB configures SRS resources to enable beamformed SRS transmission, SRS grouping configuration can be configured. For non-codebook based transmission, SRS grouping can be turned off by gNB if gNB already knows which beams can be transmitted simultaneously.

Proposal 1: SRS resource grouping can be applied on both UL beam management and non-codebook based transmission.

Alternatives for SRS grouping
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Fig.1 Illustration of Alt 1


[image: image2.emf]TXRU 0

TXRU 1

SRS resource 0

SRS resource1

SRS resource 2

SRS resource 3

SRS resource 4

SRS resource 5

SRS resource 6

SRS resource 7

SRS resource set 0

SRS resource set 1

SRS resource set 2

SRS resource set 3


Fig.2 Illustration of Alt 2
The illustration of Alt 1 and Alt 2 are shown in figure 1 and figure 2 respectively. 

For Alt 1, only one SRS resource from each resource set can be transmitted at a given time instant. For the case that UE is equipped with one panel and dual polarization antennas, the candidate beams are [a ; a], [a ; -a], [b ; b] and [b ; -b], where a and b are analog beams and digital precoders are [1 ; 1] and [1 ; -1]. Then to perform rank-2 transmission, [a ; a] and [a ; -a] can be transmitted simultaneously, but a and b cannot be transmitted simultaneously. Then SRS set 1 contains [a ; a] and [b ; b]. SRS set 2 contains two SRS resources [a ; -a] and [b ; -b]. Then gNB may have the chance to indicate [a ; a] and [b ; -b] if Alt 1 is used, which cannot be transmitted simultaneously. To overcome this issue, more design and specification efforts need to be done for Alt 1. 

The above issue can be solved by both Alt 2 and Alt 3. Compared between these two alternatives,  we can observed that 

· Regarding Alt-2: Any cases can be well supported regardless of multiple panel/subarray/dual-polarization, but the key question is: in Alt-2, all potential combinations should be probed. The overhead of SRS resource request and subsequent UL SRS resources. For instance, each UL Tx sub-array can transmit 4 Tx beam and UE support 2 subarray, so 4*4=16 combination cases should be probed (i.e., 16 sets, each of which is 2 resources, for the perspective of SRS resource setting). For the perspective of Alt-1, only 4+4 =8 cases (i.e., 2 sets, each of which is {4}, for the perspective of SRS resource setting).  

· Regarding Alt-3: It seems as one merging solution for Alt-1 and Alt-2. If no restriction of more than one SRS resource should be selected together, the size of subset is one, which is equivalent to Alt-2, but if any restriction, it can be well supported through increasing the size of subset. Meanwhile, some information related to dual-polarization can be well presented.
Based on above consideration, we prefer that Alt 3 is supported for SRS resource grouping. 
Proposal 2: Support the following SRS grouping configuration:

· 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 UE can indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources per set, and the supported number of SRS resources that can be transmitted simultaneously per set.
3. Conclusion
In this contribution, we discuss non-codebook based UL transmission for NR. From the above discussion, we have the following proposals:

Proposal 1: SRS resource grouping can be applied on both UL beam management and non-codebook based transmission.
Proposal 2: Support the following SRS grouping configuration:

· 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 UE can indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources per set, and the supported number of SRS resources that can be transmitted simultaneously per set.
4. References
[1] Chairman’s notes, 3GPP RAN1 #90bis
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