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1	Introduction
In this contribution, we discuss the number of SRS resource sets that can be configured when SRS-SetUse is set to ‘Antenna Switching’, addressing the respective FFS in the following RAN1#92bis agreement.
Agreement 
· 1T4R antenna switching for SRS transmission is supported by 2 aperiodic SRS resource sets 
· two aperiodic SRS resource sets with total four SRS resources transmitted in different symbols of two different slots, each SRS resource consisting of a single SRS port, and where the SRS port of each resource is associated with a different UE antenna port
· each of the two SRS resource sets consists of two SRS resources, or one SRS resource set consists of a single SRS resource and the other SRS resource set consists of three SRS resources
· the UE shall expect the same value for the higher layer parameters alpha-srs, p0-srs, srs-pathlossReference-rs-config and srs-pcadjustment-state-config in the two SRS resource sets
· [bookmark: _GoBack]FFS: On UE ambiguity if two DCI triggers separately triggers two SRS resource sets
· FFS: The gap before or after any SRS resource set for antenna switching
· FFS: The number of SRS resource sets for other cases
[bookmark: _Ref178064866]2	Discussion
When UE antenna switching is enabled through configuration of SRS-SetUse = ‘antennaSwitching’, SRS may be configured as described in Section 6.2.1.2 of [1] to support the following 5 use cases: 1T2R, 2T4R, 1T4R (periodic/semi-persistent), 1T4R (aperiodic), and T = R. In the above agreement capturing the 1T4R (aperiodic SRS) case, there are several FFS items which we address here.
2.1	Number of SRS resource sets for antenna switching
The first FFS is with regards to the number of SRS sets that may be configured for the “other cases,” meaning the 4 out of the 5 antenna switching configurations apart from 1T4R (aperiodic) where the number of sets is restricted to two. As agreed previously, the maximum number of SRS resource sets is 16. For both SRS-SetUse = ‘codebook’ and ‘nonCodebook’, the maximum number of SRS sets has been agreed to be only 1. Hence, this leaves a total of 14 SRS resource sets for other use cases.
For the SRS-SetUse = ‘beamManagement’ use case, the idea behind allowing configuration of multiple sets is to support UEs with multiple antenna panels. One restriction with this use case is that only one resource per set can be transmitted at any given time instant, which corresponds to simultaneous transmission from multiple panels. Since the number of panels for a UE is expected to be quite small, e.g., 2 or 4, one might expect that up to 4 out of the 14 remaining sets could be used for beam management.
This leaves open the possibility to configure multiple sets for the SRS-SetUse = ‘antennaSwitching’ use case, hence the FFS in the above agreement. In our view, it is beneficial to make use of multiple sets to have good support for reciprocity-based DL beamforming which is the primary reason for configuring SRS-SetUse = ‘antennaSwitching.’.Allowing configuration of multiple sets is attractive when it is desired to configure SRS resources differently, such as different time domain behaviour (periodic vs. aperiodic), or different sounding bandwidths. Partition into different sets is a natural – if not required – method to support this. One typical example would be to support periodic sounding over the entire bandwidth part with one set, complemented with aperiodic sounding over the actually allocated PDSCH bandwidth with a different set.
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc513793188][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc509923397]Support configuration of multiple SRS resource sets when SRSSetUse = ‘antennaSwitching’ for the 1T2R, 2T4R, 1T4R (periodic/semi-persistent), and T = R cases. Note: the 1T4R (aperiodic) case is still restricted to two sets.
The following text proposal (red text) implements Proposal 1.
>>> Text proposal for 38.214 Section  6.2.1.2 >>>
[bookmark: _Toc510988236]6.2.1.2	UE antenna switching
When UE antenna switching is enabled by the higher layer parameter SRS-SetUse set as 'antenna switching' for a UE that supports transmit antenna switching, a UE may be configured with one of the following configurations depending on the UE capability:
-	One or more SRS resource sets each with two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and where the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the set, or
-	One or more SRS resource sets each with two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and where the SRS port pair of the second resource in the set is associated with a different UE antenna port pair than the SRS port pair of the first resource in the set, or	
-	One or more SRS resource sets each configured with higher layer parameter resourceType in SRS-ResourceSet set to ‘periodic’ or ‘semi-persistent’ and with four SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and where the SRS port of each resource in the set is associated with a different UE antenna port, or
-	two SRS resource sets each configured with higher layer parameter resourceType in SRS-ResourceSet set to ‘aperiodic’ and with a total of four SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource in a given set is associated with a different UE antenna port. The two sets are each configured with two SRS resources, or one set is configured with one SRS resource and the other set is configured with three SRS resources. The UE shall expect that the two sets are both configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-PowerControlAdjustmentStates in SRS-ResourceSet. Or, 
-	One or more SRS resource sets each with one SRS resource, where the number of SRS ports for each resource is equal to 1, 2, or 4
>>> End text proposal >>>
2.2 Aperiodic triggering for 1T4R
Another FFS item is with regards to possible ambiguity if the two SRS resource sets for the case of 1T4R with aperiodic SRS are triggered by two separate DCIs. In our view, it is much simpler, and less error prone, to enforce that both resource sets are triggered with the same DCI. This is easily achieved by enforcing that the two SRS resource sets are configured with the same value of the IE aperiodicSRS-ResourceTrigger within the SRS-ResourceSet IE.
[bookmark: _Toc513793189]For SRS-SetUse = ‘antennaSwitching’ with 1T4R antenna switching based on aperiodic SRS resources, the UE shall expect that the two SRS resource sets are configured with the same value of aperiodicSRS-ResourceTrigger within the SRS-ResourceSet IE.
2.3 Guard time for 1T4R
Since 1T4R antenna switching requires that the 4 resources are configured in two different slots, it is possible that in the second slot the UE is required to switch to a different antenna from the one currently used for PUSCH (or PUCCH) transmission, if these UL channel(s) are transmitted in the 2nd slot. This requires that a guard symbol be inserted between PUSCH/PUCCH and the first symbol of SRS to allow sufficient time for antenna switching. Such guard times have already been introduced in the spec for SRS resources within the same slot, but so far, there is no specification for the 2nd slot when 1T4R switching case. Hence we propose
[bookmark: _Toc513793190]For 1T4R antenna switching if PUSCH or PUCCH is transmitted in the OFDM symbols prior to the SRS resource(s) in the 2nd configured slot, introduce a guard symbol prior to the transmission of the first SRS resource in the slot.
Conclusion
In this contribution, we made the following proposals:
Proposal 1	Support configuration of multiple SRS resource sets when SRSSetUse = ‘antennaSwitching’ for the 1T2R, 2T4R, 1T4R (periodic/semi-persistent), and T = R cases. Note: the 1T4R (aperiodic) case is still restricted to two sets.
Proposal 2	For SRS-SetUse = ‘antennaSwitching’ with 1T4R antenna switching based on aperiodic SRS resources, the UE shall expect that the two SRS resource sets are configured with the same value of aperiodicSRS-ResourceTrigger within the SRS-ResourceSet IE.
Proposal 3	For 1T4R antenna switching if PUSCH or PUCCH is transmitted in the OFDM symbols prior to the SRS resource(s) in the 2nd configured slot, introduce a guard symbol prior to the transmission of the first SRS resource in the slot.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556][bookmark: _Ref510109421][bookmark: _Ref513788542]R1-1805796, “CR to 38.214 capturing the RAN1#92bis meeting agreements,” Nokia, RAN1#92bis, April 2018.
	2/3	
