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1	Introduction
Beam management solutions were standardized in Release-15. These solutions were designed to support UEs with directional antennas. The solutions included transmission of beam indications to the UE, reporting of L1-RSRP based on CSI-RS and SS/PBCH block and beam recovery solutions.
The release-16 NR eMIMO WID [1] includes improvements to beam management. At RAN1#96bis the following was agreed: 
Agreement
For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level
· FFS: Whether this is a UE optional feature
FFS: Whether above is applicable regardless of the aperiodic SRS target use

Thus, the corresponding working assumption from RAN1#96 was agreed. In addition, the different use case for SRS was discussed.
In this contribution, we discuss if MAC CE based spatial relation update should be applicable for all SRS target use cases and compare two different ways of using MAC CE signalling to update the spatial relation for aperiodic SRS resources.
[bookmark: _Ref178064866]2	Discussion
As discussed in [2], MAC CE provides good signalling flexibility while still maintaining low overhead. In Release-15, MAC CE signalling possibility does not exist for aperiodic SRS, but only for semi-persistent SRS. Hence it was agreed in RAN1#96bis to support MAC CE based spatial relation update also for aperiodic SRS resources. However, there were different views whether the agreement should be applicable for only aperiodic SRS resource sets with SRS-SetUse=‘beamManagement’, or if it should be applicable also for SRS resource sets with SRS-SetUse=‘codebook’, ‘nonCodebook’ and ‘antennaSwitching’. 
In our opinion, it is valuable if MAC CE-based update of spatial relations is applicable to all SRS use cases. If the MAC CE update is  only applicable to SRS sets with SRS-SetUse=‘beamManagement’ it means that SRS resources used for codebook based, non-codebook based or antenna switching needs to have an intermediate spatial relation to one of the SRS resources in an SRS resource set with SRS-SetUse=‘beamManagement’ to be able to use MAC CE for updating spatial relations, which would increase the amount of required overhead signalling. 
For example, if beam correspondence is assumed at the UE it is expected that spatial relation will be based on a DL-RS, for example SSB or CSI-RS, and that UL beam management procedures using SRS beam sweeping will not be needed. However, if MAC CE only can be used to update aperiodic SRS resources for SRS resource set with SRS-SetUse=‘beamManagement’, it means that a “dummy” SRS resource set for beam management needs to be configured to allow MAC CE based updates of spatial relation for SRS  resource for codebook based, non- codebook based or antenna switching, which is illustrated in Figure 1 for non-codebook based UL transmission. This would require unnecessary configuration signalling.
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Figure 1	A dummy SRS set for beam management is needed as an intermediate spatial relation for SRS resources used for codebook based, non-codebook based or antenna switching to enable MAC CE updated spatial relations for aperiodic SRS when beam correspondance is fullfilled if the MAC CE update can only be applied to SRS resources for beam management.
In case beam correspondence is not fulfilled at the UE, the spatial relation for SRS resources for codebook based, non-codebook based or antenna switching is expected to be based on SRS resources from SRS resource set(s) used for beam management. If the UE rotates, moves or gets blocked, and the network needs to update the UE TX beam, the network need to update the spatial relation(s) of SRS resource(s) used for codebook based, non-codebook based and/or antenna switching, from one SRS resource to another in the SRS set used for beam management. If the spatial relation of these SRS resource is not allowed to be updated with MAC CE signalling, RRC signalling will be needed, which introduce unnecessary overhead and latency, which is illustrate in Figure 2 for non-codebook based UL transmission.
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Figure 2	For UEs without beam correspondance, RRC signaling will be needed to update the UE TX beam in case MAC CE is not allowed to update the aperiodic SRS resource for codebook based, non-codebook based or antenna switching purposes.
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[bookmark: _Toc7621855][bookmark: _Toc534967577][bookmark: _Toc534987229][bookmark: _Ref528839673]Allow MAC CE based updates of spatial relation for aperiodic SRS resources belonging to SRS resource set with SRS-SetUse=‘beamManagement’, ‘codebook’, ‘nonCodebook’ and ‘antennaSwitching’
2.1 	Methods for updating spatial relation for aperiodic SRS resource with MAC-CE
One option would have been to let MAC CE directly control the spatial relation of each individual SRS resource. However, this leads to that MAC CE actually impacts the RRC configuration, mixing up the responsibility of the different protocol layers. This issue exists also for the semi-persistent SRS, and we should not introduce that also for aperiodic SRS:
Directly controlling the spatial relation of each aperiodic SRS resource means that RRC configurations are updated using MAC CE, which is clearly undesirable. 
Since there can be many SRS resources, directly updating them using MAC CE may lead to a significant MAC CE signaling overhead:
Directly updating each individual SRS resource can lead to a large MAC CE signaling overhead.
We have identified two alternative methods for updating the spatial relation of aperiodic SRS resources using MAC CE signaling: SRS resource subset selection and SRS resource set selection.
[bookmark: _Ref4651485]2.1.1	SRS resource subset selection
For SRS resource subset selection, the NW uses RRC signaling to define an SRS resource set for codebook based (CB) UL transmission with N>2 SRS resources. A MAC CE message will then be used to sub-select (activate) 1 or 2 out of the N SRS resources to be used for CB based UL transmission. By using different spatial relations for the different SRS resources in the SRS resource set, MAC CE signaling can in this way be used to implicitly update the spatial relation of PUSCH. The same method can also be applied for Non-codebook based (NCB). This is similar to how TCI states for PDSCH are down-selected for DCI indication. Figure 1 illustrates the basic principle of this method for codebook based UL transmission. 
However, one problem identified for this solution is that some SRS parameters (most notably the power control parameters) are defined on SRS resource set level. Since the MAC CE only selects SRS resources from the same SRS resource set, the parameters defined on set level will be the same. 
Of course, the number of SRS resources in an SRS resource set must be increased to cater for the maximum number of supported spatial relations. The MAC CE signaling must also be capable of selecting any 2 out of the SRS resources in the (large) SRS resource set for SRS-SetUse=’codebook’ and any 4 out of the SRS resources in the (large) SRS resource set for SRS-SetUse=’nonCodebook’. This would either lead to a large MAC CE overhead, or a complicated signaling design.

[image: ]
Figure 3	 Schematic illustration of the method SRS resource subset selection

2.1.2	SRS resource set selection
For SRS resource set selection, the NW uses RRC signaling to define N candidate SRS resource sets for CB UL transmission where each SRS resource set can have up to 2 SRS resources. A MAC-CE message will then be used to select (activate) one out of the N candidate SRS resource sets for CB UL transmission. The same method can also be used for NCB UL transmission. Figure 2 illustrates the basic principle of this method for codebook based UL transmission. This method will remove the identified problem related to the SRS resource subset selection, since individual power control loops can be defined for respective candidate SRS resource set. This selection procedure is similar to how aperiodic triggering states are down-selected in NR Release-15.
On the other hand, the additional flexibility comes at the cost of more RRC signaling: the number of configured SRS resource sets will increase. Assuming that we would like to have 64 possible spatial relations for the aperiodic SRS, we would need to define 32 SRS resource sets, using DCI to switch between the two SRS resources. On the other hand, the MAC CE signaling is trivial to design: it only selects among the configured SRS Resource Sets.
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Figure 2	Schematic illustration of the method SRS resource subset selection
2.2	Comparison
As described above, the SRS resource subset selection method has lower RRC overhead but will lead to a higher MAC CE overhead or to a more complicated MAC CE signalling design. The SRS resource set selection provides somewhat more configuration flexibility, since power control parameters may be different for the different SRS resource sets.
Due to the better flexibility and simpler/cleaner MAC CE design, we propose
[bookmark: _Toc7621856]Select method two (SRS resource set selection) for updating spatial relation for aperiodic SRS resources via MAC CE signaling

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Allow MAC CE based updates of spatial relation for aperiodic SRS resources belonging to SRS resource set with SRS-SetUse=‘beamManagement’, ‘codebook’, ‘nonCodebook’ and ‘antennaSwitching’
Proposal 2	Select method two (SRS resource set selection) for updating spatial relation for aperiodic SRS resources via MAC CE signaling
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