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1. Introduction
Some agreements in SRS made in RAN1#AH 1801 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. 
2. Discussion
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.
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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.
Aperiodic SRS triggering and transmission offset

Aperiodic SRS triggering has been supported in NR, however timing for aperiodic SRS transmission is yet to be agreed. In LTE, when UE detects a positive SRS request in subframe n the UE transmits SRS in the first subframe satisfying 
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. Similar constraint for aperiodic SRS transmission in NR should also be agreed otherwise it is not clear when the UE shall transmit aperiodic SRS after receiving a positive SRS request.
Proposal 1: after receiving positive SRS request the UE shall transmit aperiodic SRS in the UL slot at least Y symbols after detection of SRS request. 
It was discussed in RAN1#AH 1801 whether SRS transmission offset shall be per set or per resource after receiving aperiodic SRS triggering. Unlike aperiodic CSI-RS triggering and transmission offset, SRS has many use cases including UE antenna switching. Per resource configuration of aperiodic SRS transmission is more flexible which can support all use case scenarios. 
For example, an UE with 1T4R antenna is configured with SRS antenna switching and configured with 4 SRS resources 1 port each. The UE transmits 1 SRS resource from one physical antenna and another SRS resource from another physical antenna. There is at least 1 symbol time gap required for antenna switching which means it is not possible (as shown in figure 2 (a), only 3 SRS resources can be transmitted) to transmit all 4 SRS resources within a slot since only last 6 symbols in the slot can be configured for SRS. For periodic and semi-persistent SRS, different resources can be configured with different slot offset such that all UE antennas can be sounded. However, for aperiodic SRS triggering if SRS transmission offset is configured per set then it is not possible for to all UE antennas for 1T4R antenna switching case unless some complicated mechanism is introduced.
[image: image5.png]Potential SRS
symbols in a slot

———

Configured
SRS symbols



  [image: image6.png]Slotn Slotn+1

RN [

SRS resource SRS resource SRS resource SRS resource
0 1 b 3





(a)                                                                                              (b)
Figure 2, examples of SRS resources configuration

To solve the issue of aperiodic SRS triggering with 1T4R antenna switching, a simple solution would be to configure SRS transmission slot offset independently for each resources within a set. For example in figure 2 (b), SRS resource 0 and 1 have same slot offset and transmitted on slot n while SRS resource 2 and 3 are transmitted in slot n+1. In other use cases where different transmission slot offset is not necessary, the UE can be configured with same transmission slot offset for all resources.
Proposal 2: for aperiodic SRS triggering, SRS transmission slot offset is configured per SRS resource.

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 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 RRC parameters SRS-SetUse and ulTxConfig
There are two RRC parameters SRS-SetUse and ulTxConfig already defined.  According to the agreed RRC parameters list value range of SRS-SetUse is CHOICE {BeamManagement, Codebook, NonCodeBook, AntennaSwitching} and value range of ulTxConfig is CHOICE {Codebook, NonCodeBook}. The choices of these two parameters could be conflicting if not configured properly, for example SRS-SetUse is set as Codebook and ulTxConfig is set as NonCodeBook. To avoid this potential risk the value range of SRS-SetUse can be modified as CHOICE {BeamManagement, Codebook/NonCodeBook, AntennaSwitching}; which determines if the SRS set is for beam management or CSI acquisition or antenna switching and ulTxConfig determines if it is codebook based or non codebook based transmission.
Proposal4: modify the values range of RRC parameters SRS-SetUse as CHOICE {BeamManagement, Codebook/NonCodeBook, AntennaSwitching}.

3. Conclusions

In this contribution we discussed some of the remaining issues on SRS, we have following observation and proposals:
Observation: association between SRS resources and physical antenna ports is not needed to be specified.

Proposal 1: after receiving positive SRS request the UE shall transmit aperiodic SRS in the UL slot at least Y symbols after detection of SRS request. 
Proposal 2: for aperiodic SRS triggering, SRS transmission slot offset is configured per SRS resource.

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

Proposal4: modify the values range of RRC parameters SRS-SetUse as CHOICE {BeamManagement, Codebook/NonCodeBook, AntennaSwitching}.
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