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Introduction
Following agreements for 1T4R antenna switching were made in RAN1#92bis: 
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
· 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

There are still FFS points which require further discussion. In this contribution we address some of the remaining issues and few editorial corrections are suggested.   

Discussion

Antenna Switching
It was agreed 2 aperiodic SRS resource sets are configured for 1T4R antenna switching for SRS transmission, the reason is being it was impossible to transmit all SRS resources within a slot. However for other cases, i.e. 1T2R and 2T4R antenna switching for SRS transmission, one SRS resource set is sufficient. And, for periodic and semi-persistent SRS, periodicity and slot offset values are configured per SRS resource, which means one SRS set can efficiently support 1T4R antenna switching for SRS transmission. Therefore we have following text proposal in section 6.2.1.2 of 38.214: 

---------------------------------------------------------- start of TP --------------------------------------------------------
[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 SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of a single SRS port, and where the SRS port of the second resource is associated with a different UE antenna port than the SRS port of the first resource or
-	One SRS resource set with two SRS resources transmitted in different symbols, each SRS resource consisting of two SRS ports, and where the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or	
-	One SRS resource set configured with higher layer parameter resourceType in SRS-ResourceSet set to ‘periodic’ or ‘semi-persistent’ with four SRS resources transmitted in different symbols, 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, or
-	two SRS resource sets configured with higher layer parameter resourceType in SRS-ResourceSet set to ‘aperiodic’ with a total of four SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource 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, 
-	SRS resource set with one SRS resource, where the number of SRS ports is equal to 1, 2, or 4
<unchanged parts omitted>
-------------------------------------------------------------end of TP--------------------------------------------------------

Aperiodic SRS triggering collision
Aperiodic SRS can be triggered with UL and DL related DCI, which is similar to LTE. When an UE is triggered for aperiodic SRS transmission, there may be few slots offset between trigger message and actual transmission of SRS. It could be possible that gNB triggers aperiodic SRS multiple times which fall into same SRS transmission occasion. In LTE, it is specified that “A UE configured for type 1 triggered SRS transmission is not expected to receive type 1 SRS triggering events associated with different values of trigger type 1 SRS transmission parameters, as configured by higher layer signalling, for the same subframe and the same serving cell.” Similar description can be captured in NR for aperiodic SRS triggering and UE behavior for aperiodic SRS transmission.
Proposal 1: specify UE behavior when an UE receives multiple aperiodic SRS triggering which fall into same SRS transmission occasion. 

On SRS resource and antenna port association
UE antenna switching is useful to obtain full DL channel information at gNB through channel reciprocity when the UE has fewer transmitting chains than receiving chains. It has been agreed that NR supports 1T2R, 2T4R and 1T4R antenna switching, illustrative diagrams are shown in figure 1. It has also been agreed that 2 SRS resources with one port each are configured for 1T2R, 2 SRS resources with two ports each are configured for 2T4R and 4 SRS resources with one port each are configured for 1T4R antenna switching.

  
(a)                                           (b)                                                 (c)
Figure 1, antenna switching illustrative diagrams
Unlike LTE, different SRS resources are used to distinguish physical antennas in NR. gNB can distinguish physical antenna port of the UE from the transmitted SRS resource. For example in 1T2R scenario, the UE is configured with 2 SRS resources (SRS_0 and SRS_1) with one port each, the UE transmits SRS_0 using one physical antenna port and SRS_1 using another physical antenna port. gNB knows which physical antenna UE uses to transmit SRS resources from received SRS resource. The UE shall not randomly switch association between SRS resources and physical antenna ports however there is no need for hard definition of association between SRS resources and physical antenna ports. 
Observation: association between SRS resources and physical antenna ports is not needed to be specified.

Editorial corrections
--------------------------------------------- start of TP ---------------------------------------------------------

[bookmark: _Toc510988234]6.2.1	UE sounding procedure

The UE can be configured with one or more Sounding Reference Symbol (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSet. For each SRS resource set, a UE may be configured with SRS resources (higher later parameter SRS-Resource), where the maximum value of K is indicated by [SRS_capability [13, 38.306]]. The SRS resource set applicability is configured by the higher layer parameter usage in SRS-ConfigSRS-SetUse. When the higher layer parameter usage in SRS-ConfigSRS-SetUse is set to 'BeamManagement', only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant. The SRS resources in different SRS resource sets can be transmitted simultaneously.
< unchanged parts omitted>

6.2.1.2	UE antenna switching
When UE antenna switching is enabled by the higher layer parameter usage in SRS-ConfigSRS-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:
< unchanged parts omitted>
---------------------------------------------------end of TP-----------------------------------------------------------

In section 6.1.1.2 for Non-codebook based UL transmission, there is section where there is description on ‘if a UE is configured with associated CSI-RS’ thus it is not necessary to describe it again in section 6.2.1. Therefore we propose following text proposal for section 6.2.1.
-------------------------------------------------- start of TP ----------------------------------------------------------
6.2.1	UE sounding procedure
< unchanged parts omitted>
The 2-bit SRS request field [5 TS38.212] in DCI format 0_1, 1_1 indicates the triggered SRS resource set given in Table 7.3.1.1.2-24 of [5, TS 38212]. The 2-bit SRS request field [5, TS38.212] in DCI format 2_3 indicates the triggered SRS resource set given in Subclause 11.4 of [6, TS 38.213].
If a UE is configured with the higher layer parameter associatedCSI-RS and with the higher layer parameter usage set to 'nonCodebook' in SRS-ResourceSet, the UE may be configured with a NZP CSI-RS resource where a NZP-CSI-RS-ResourceId is associated with an SRS resource set. 
[bookmark: _Hlk498636457][bookmark: _Hlk498636712]For PUCCH formats 0 and 2, a UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s) or if aperiodic SRS is configured and PUCCH consists of beam failure request. A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK.  In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol with semi-persistent or periodic PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only.
< unchanged parts omitted>
------------------------------------------------------end of TP---------------------------------------------------------

Conclusions
In this contribution we discussed some of the remaining issues on SRS, we have following observation and proposals:
Proposal 1: specify UE behavior when an UE receives multiple aperiodic SRS triggering which fall into same SRS transmission occasion. 
Proposal 2: agree on TPs above.
Observation: association between SRS resources and physical antenna ports is not needed to be specified.
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