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Introduction
Some agreements in SRS made in RAN1#92 and there are still some open issues [1] which require further discussion. In this contribution we address some of the remaining issues and provide our views.   

Discussion
SRS resource mapping in frequency domain
SRS resource mapping in frequency domain was discussed in RAN1#92 and following working assumption was agreed.
Working Assumption
· NR supports the case that different ports of one 4-port SRS resource have different comb offsets for comb 2 and 4.
All ports of an SRS resource are mapped on one OFDM symbol and it is very natural that different ports of an SRS resource can be mapped on different comb offsets. We confirm the above working assumption and also would like to extend it for one 2-port SRS resource where different ports can have different comb offsets.
Proposal 1: confirm the working assumption one 4-port SRS resource have different comb offsets for comb 2 and 4, and also support different port of one 2-port SRS resource have different comb offsets.

Aperiodic SRS triggering and transmission offset
Following was agreed in RAN1#92:
Agreement:
· The slot offset with respect to DCI that triggers an SRS resource set is higher layer configured in a per SRS resource set
· FFS: Details on the support for aperiodic SRS for 1T4R
Four 1-port SRS resources are configured for 1T4R antenna switching, as there is at least one symbol gap between each transmission with antenna switching ‘ON’, it is not possible for all four resources to be transmitted in one slot. For periodic and semi-persistent SRS transmission, slot offset is configured per SRS resource thus network can flexibly configure SRS resources to support 1T4R antenna switching. It was agreed in last meeting that slot offset is configured per SRS resource set for aperiodic SRS triggering, meaning that without special design/condition aperiodic SRS doesn’t work for 1T4R antenna switching.  
In our view, aperiodic SRS transmission offset per SRS resource configuration is the most efficient mechanism which is future proof design. Some companies raised the issue on UE preparation time for SRS transmission if transmission offset is configured per resource, however for periodic and semi-persistent SRS transmission it is already the case.
If there is no consensus on how to handle aperiodic SRS transmission for 1T4R UE, considering the remaining time for wrapping up Rel-15 and potentially sub-optimal design, our opinion is that aperiodic SRS for 1T4R antenna switching is not supported in Rel-15. Anyway, periodic and semi-persistent SRS can still be used for 1T4R antenna switching.
Proposal 2: aperiodic SRS transmission for 1T4R antenna switching is not supported in Rel-15.

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 3: specify UE behavior when an UE receives multiple aperiodic SRS triggering which fall into same SRS transmission occasion. 

On SRS-SetUse = ‘AntennaSwitching’
It was discussed in last meeting whether to extend AntennaSwitching use case when number of transmit and receive chains at UE are same, i.e. T=R. Currently, in 38.331 there is no value range defined for AntennaSwitching and it seems like with current specification of AntennaSwitching and SRS-SetUse DL channel acquisition through reciprocity is not support when T=R. One way to address this issue is to introduce single SRS resource with 1 or more ports for UE antenna switching in section 6.2.1.2 of 38.214, and another way is to address in 38.331. RAN2 is still discussing how to handle if configuration of ulTxConfig and SRS-SetUse conflict each other. If SRS-SetUse is {beamManagement, AntennaSwitching, Others} then for DL channel reciprocity, when T=R, the SRS set configured as “Others” can be used which is also used for codebook based UL transmission. Actually, in LTE there is no differentiation on SRS usage for UL transmission or DL channel acquisition through reciprocity.
Below is excerpt from current 38.331.
 (
Indicates if the SRS resource set is used for beam management vs. used for either codebook based or non-codebook based transmission.
    
-- Corresponds to L1 parameter 'SRS-SetUse' (see 38.214, section 6.2.1)
    
-- 
FFS_CHECK: Isn't codebook/noncodebook already known from the ulTxConfig in the SRS-Config? If so, isn't the only distinction 
    -- in the set between BeamManagement, AtennaSwitching and "Other”? Or what happens if SRS-Config=Codebook but a Set=NonCodebook?
    usage                                
ENUMERATED
 {beamManagement, 
codebook, nonCodebook
, antennaSwitching},
)





Proposal 4: for T=R, DL channel acquisition through reciprocity can be specified either in 38.214 or in 38.331.

Antenna Switching
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.

Conclusions
In this contribution we discussed some of the remaining issues on SRS, we have following observation and proposals:

Proposal 1: confirm the working assumption one 4-port SRS resource have different comb offsets for comb 2 and 4, and also support one 2-port SRS resource have different comb offsets.
Proposal 2: aperiodic SRS transmission for 1T4R antenna switching is not supported in Rel-15.
Proposal 3: specify UE behavior when an UE receives multiple aperiodic SRS triggering which fall into same SRS transmission occasion. 
Proposal 4: for T=R, DL channel acquisition through reciprocity can be specified either in 38.214 or in 38.331.

Observation: association between SRS resources and physical antenna ports is not needed to be specified.
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