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1. Introduction

Sounding Reference Signal (SRS) has been widely used for various functionalities in NR, e.g., antenna switching for DL CSI, beam management, codebook based PUSCH and non-codebook based PUSCH. After extensive discussions for Rel-17 MIMO enhancement, some potential enhancements for SRS were agreed in the WID of FeMIMO for Rel-17[1], where the detailed objectives for SRS enhancements are summarized as follows:
	· Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction

· Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})

· Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency


In this contribution, we will discuss the remaining issues of simulation assumptions and provide ours views on the potential enhancements for flexible SRS triggering, the possible UE Rx/Tx combinations for antenna switching and SRS capacity/coverage.

2. Discussion
2.1. SRS evaluation methodology

There was an offline email discussion for the general methodology for SRS evaluation before this e-meeting, and the views of companies and some consensus were summarized in Offline discussion on EVM - Phase 2 ITEM 3. From our perspective, LLS is an efficient and sufficient way to evaluate SRS enhancement, at least for flexibility, antenna switching and coverage enhancement. LLS can also be applied for most capacity enhancement. In contract, SLS may not be necessary for Rel-17 SRS evaluation due to the large work load and limited “add-on” benefit. Hence, we propose to use LLS to evaluate SRS enhancement, while companies can still perform SLS for capacity enhancement in addition to LLS if needed. 
Proposal 1: LLS is used to evaluate SRS enhancements in Rel-17 FeMIMO, while SLS can be used optionally for evaluating SRS capacity.

2.2. Flexible SRS triggering
For aperiodic SRS, gNB will configure slot offset(s) k via RRC signaling for the corresponding SRS resource set(s).  If the UE receives the DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot 
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. One issue here is the determined slot 
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for aperiodic SRS transmission might not be available for uplink transmission due to the dynamic change/indication of slot format configuration and possible HARQ-ACK transmission. An example of failed transmission of AP SRS due to this reason is shown in Fig 1(a).  The transmission of AP-SRS will be dropped because the triggered slot corresponding to k =4 is not available for uplink. In order to avoid this issue and provide more flexibility for gNB, a more flexible SRS triggering mechanism can be considered. 
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Figure 1: Design of the slot offset
One method is to allow a flexible offset via dynamic signaling for aperiodic SRS, which needs additional DCI/MAC CE overhead. The second method is to delay transmission until the following available slot similar to LTE, as shown in Fig 1(b). Another similar method is re-define the slotOffset k as the kth available slot, as shown in Fig 1(c), though it may increase the latency of SRS transmission. All the methods can improve the opportunity of success SRS transmission and can be further studied. 
Proposal 2: Study the following potential enhancement for more flexible AP-SRS triggering:
· A flexible offset via dynamic signaling;
· Delaying transmission until the first available slot ;
· The slot offset k indicates the kth available slot.
2.3. SRS antenna switching
In the Rel-15, SRS antenna switching of 1T2R, 2T4R, 1T4R, 1T4R, 2T4R, 1T=1R, 2T=2R, 4T=4R is introduced for DL CSI acquisition. With the development of new commercial form-factor CPEs and laptops, the requirements of supporting antenna switching with up to 6Rx and 8Rx are emerging. The main benefits of supporting 6Rx/8Rx are to enable higher date streams of PDSCH and improve the DL spectrum efficiency. Considering typical products in the market are usually equipped with 1 or 2 Tx antennas it is preferred to expand the SRS antenna switching to 1T6R, 2T6R, 1T8R and 2T8R SRS.  Further enhancement, e.g. 4T8R, can also be considered if there is requirement.
Proposal 3: The following antenna switching mechanisms are prioritized for enhancement of antenna switching with up to 6Rx and 8Rx in Rel-17: {1T6R, 2T6R, 1T8R, 2T8R}.
2.4. SRS capacity and/or coverage enhancement
SRS capacity enhancement is very important to ensure the performance of UL/DL transmission, especially in UE dense area. In the Rel-15, the UE may be configured by the higher layer parameter resourceMapping in SRS-Resource with an SRS resource occupying 
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 adjacent symbols within the last 6 symbols of the slot. There are at least 8 symbols not available for SRS transmission, which limits the SRS capacity. Moreover, SRS for NR positioning, LTE Rel-16 SRS and SRS for NR-U already support up to 14 symbols in a slot for SRS transmission, it is unclear whether the SRS design for NR-U can also be applied to the licensed band (which may be decided by RAN plenary). If the feature can be also directly supported and reported by a UE in the licensed band, no further enhancement is needed to support 14 SRS symbols for MIMO. 14 symbol SRS transmission brings the possibility of increasing SRS repetition, thereby improving the coverage of SRS.
Proposal 4: In order to increase the SRS capacity and enhance SRS coverage, Rel-17 supports up to 14 symbols within a slot for normal SRS transmission.

There are also some other options mentioned by companies to further enhance SRS capacity:

· Partial sounding on each hop i.e., only sounding a subset of PRBs on each hop;
· Partial sounding with a subset of hops;
· Larger comb size. 
Fig 2 shows the example of above-mentioned three options, which assume
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. For the method of partial sounding on each hop (Fig 2b), SRS is only transmitted on 6 PRBs on each hop, while 12 PRBs are used for SRS transmission for the current Rel-15 frequency hopping (Fig 2a). Partial sounding on each hop not only provides larger SRS capacity, but also brings extra 3 db power boosting at the cost of lower SRS density. Fig 2c illustrates partial sounding with a subset of hops which reduces the hopping times 
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to a half of a normal SRS hopping. For these two methods, a new hopping pattern is needed to achieve hopping in partial resources. The method with lager comb size (Fig 2d) can also achieve similar goals without introducing a new hopping pattern. The design for SRS for positioning in Rel-16 can be reused if a larger comb size is introduced in Rel-17. Further performance evaluation is needed to compare these potential enhancements. 
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Figure 2: partial band sounding and a lager comb scheme
Proposal 5: Study the following potential enhancement for SRS capacity by taking specification impact and performance into account:
· Partial sounding on each hop;
· Partial sounding with a subset of hops;
· Larger comb size. 
3. Conclusions
In this contribution, we discuss simulation assumptions and potential solutions for Rel-17 SRS enhancement. The proposals are summarized as below:
Proposal 1: LLS is used to evaluate SRS enhancements in Rel-17 FeMIMO, while SLS can be used optionally for evaluating SRS capacity.

Proposal 2: Study the following potential enhancement for more flexible AP-SRS triggering:
· A flexible offset via dynamic signaling;
· Delaying transmission until the first available slot ;
· The slot offset k indicates the kth available slot.

Proposal 3: The following antenna switching mechanisms are prioritized for enhancement of antenna switching with up to 6Rx and 8Rx in Rel-17: {1T6R, 2T6R, 1T8R, 2T8R}.
Proposal 4: In order to increase the SRS capacity and enhance SRS coverage, Rel-17 supports up to 14 symbols within a slot for normal SRS transmission.

Proposal 5: Study the following potential enhancement for SRS capacity by taking specification impact and performance into account:
· Partial sounding on each hop;
· Partial sounding with a subset of hops;
· Larger comb size. 
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