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1	Introduction 
In this contribution, we provide our views on the enhancements of SRS.
[bookmark: _Ref178064866]2   SRS enhancements on TDD C-JT
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved [1], which includes the following objective:
Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32


For joint transmission for multiple TRP, there are two schemes:  non-coherent joint transmission (NCJT) and coherent joint transmission (CJT). The specification work on NCJT has been discussed in Rel-16/17. In order to further enhance coverage of cell-edge users and improve system performance, coherent joint transmission (CJT) will be supported and relevant specification work will be discussed in Rel-18.  For CJT in TDD systems, the user will seed SRS to not only serving cell/TRP, but also the collaboration cell/TRP. For example, TRP 1 and TRP 2 are adopted to joint transmission for UE 1 which is served by TRP 1. UE1 will send SRS to both TRP1 and TRP2, as shown in Fig.1. But UE2 will also seed SRS toTRP2. SRS transmission of UE2 will be interference with SRS transmission of UE1 for TRP2, which degrades the performance of uplink channel estimation of UE1.


Fig 1. Inter-TRP SRS interference in CJT

According to the identified WID in [1], SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization is to be studied. The reason of inter-TRP cross-SRS interference is that users in the collaborative cells/TRPs adopt the same SRS sequence and send SRS on the same time-frequency domain location. Since the SRS transmit power of cell-center user is larger than that of cell-edge user, gNB may not accurately estimate the uplink channel of the cell-edge user. This will result the performance of cell-edge degrade when CJT is adopted. In this contribution, we consider the following SRS enhancement options to avoid inter-TRP cross-SRS interference:
· Option 1: Frequency domain multiplex (FDM) is used.
· Option 2: Code domain multiplex (CDM) is used.
In Rel-17 SRS coverage and capacity enhancement, frequency scaling factor Pf =2 or 4 is introduced for RB-level partial frequency sounding, and larger comb value KTC = 8 is supported as well in addition comb value KTC = 2 and 4. In order to avoid inter-user SRS interference, SRS of different users can be transmitted on different subcarrier or RB sets so that these users are multiplexed in frequency domain, i.e., Option 1.  For an SRS symbol, the location of SRS transmission depends on the starting point in frequency domain. In [2], the starting porting is defined as
	 	(1)
where.
In order to make users from different cells/TRPs transmit SRS on different domain location, the starting point should be different through SRS parameter configuration. E.g., different  is configured via RRC signaling. However, these parameters configured by different cells/TRPs may be same, which results that inter-TRP cross-SRS interference is still existed. In order to address the issue, the starting point of SRS transmission for different cells/TRPs can be associated with serving cell ID. For example, the frequency domain offset for partial frequency sounding can be expressed by
		(2)
where  the cell ID. Assume Pf is configred as 4, and there are four hops in a SRS peroid. Fig.2. shows the illustration of the calcualted starting point according to (2) in frequency doamin for each hop of both UE1 and UE2, where UE1 and UE 2 are located in the neighbouring cells/TRPs.  Hence, the inter-SRS interference of UE1 and UE2 is avoided. 


Fig.2. the illustration of the starting point of SRS transmission for UE1 and UE2 when  

Proposal 1: In order to address the issue of the inter-TRP cross-SRS interference, the starting point of SRS transmission in frequency domain can be associated with cell ID such that SRS in different cells /TRPs is transmitted on different frequency domain location.

In order to further enhance SRS coverage and capacity, large frequency scaling factor Pf , e.g., 8 can also be supported. In the scenario of TDD CJT, more users from serving cell and neighboring cell will send SRS for uplink channel obtained by gNB. In current specification, the pattern of frequency domain shift for each hop have been defined when  or 4. The pattern of frequency domain shift for each hop can be studied when 
Proposal 2: Larger Pf value, e.g.,8  is preferred to increase SRS capacity and adopted to avoid inter-TRP cross-SRS interference via FDM for SRS transmission.

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For Option 2, CDM is adopted to enhance SRS capacity and avoid inter-SRS interference. One potential way is that maximum number of cyclic shifts for a certain SRS comb structure can be increased to support more available SRS resource. For example, for comb value KTC = 2, the maximum number of cyclic shifts is 8 in Rel15/16. Then, the number of SRS resources occupying the same time and frequency resources with same base sequence is up to 8. If the maximum number of cyclic shifts is set to 12/24, more SRS resources occupying the same time and frequency resources can be supported. Then, the cyclic shift  for the first antenna port of a multi-port SRS resource configured by RRC signaling for different cells/TRPs can selected from different sets. For example, when the maximum number of cyclic shifts is set to 12,  for first cell/TRP is selected form{0,2,4,6,8,10} and  for neighboring cell/TRP is selected form{1,3,5,7,9,11}. Then, the inner product of the sequences corresponding to the two UE is 0 if the base sequence for UE1 and UE2 is the same, because the cyclic shifts for the two UEs are different. At the same time, the supported values of  for different UE under the same cell/TRP are selected with equally interval across the range of 0,1,2,… in this example to ensure the cyclic shift spacing of the SRS sequence in the same cell/TRP  is not too small. 
Proposal 3: The maximum number of cyclic shifts for a given comb value can be increased to enhance SRS capacity and avoid the inter-SRS interference.

3   SRS Enhancements on 8Tx UL SU-MIMO
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved [1], which includes the following objective:
Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.


For the uplink transmission with 8Tx, it needs some further enhancements on SRS design if it is agreed to support the PUSCH maximum number of transmission layers to 8. In current spec, only maximum 4 transmission layers for the PUSCH is supported. The following issues needed to be solved for SRS enhancements to support 8Tx uplink transmission.

First, to support the codebook based PUSCH transmission, the supported number of SRS ports of SRS resource with usage of “non-codebook” needs to be extended to 8 for all SRS types including periodic, semi-persistent and aperiodic SRS. The 8-port SRS design should not introduce new SRS sequence and new RE mapping patterns to ensure the possibility of SRS resource sharing with legacy UEs. Several methods may be considered as following, 
· Aggregate 8 cyclic shifts for a configured comb value; 
· For a configured Comb value, 8 different ports can be allocated to different combs; 
· FD-OCC(OCC-2, OCC-4) based on a set of cyclic shifts configured/allocated to generate more orthogonal CDM-ed ports based on the current configured Comb.
Proposal 4: 8-port SRS enhancement is needed for codebook based PUSCH transmission.

Second, to support the non-codebook based PUSCH transmission, the supported maximum number of SRS resources within a SRS resource set with usage of “non-codebook” need to be extended to 8.
Proposal 5: Extend the maximum number of SRS resources in a SRS resource set for non-codebook based PUSCH transmission to 8.

Third, the SRS configured for antenna switching also needs to be enhanced for all SRS types including periodic, semi-persistent and aperiodic SRS. The antenna switching configuration supportedSRS-TxPortSwitch of “8T8R” should be specified. UE reports a combo of antenna switching configurations as UE capabilities. If the maximum transmission layers is supported to RANK-4, it is reasonable for the 8Tx antenna switching configuration to support only 4T4R or 2T2R since the antenna array may be divided into two/four groups for the DL reception, and the antenna switching on SRS resources can be sounded with different antenna groups.
Proposal 6: Specify the antenna switching configuration “8T8R” to support the maximum RANK-8 transmission based on 8Tx UE architecture; otherwise, the antenna switching configuration is “4T4R” or “2T2R” sounded with different antenna array groups defined by UE implementation. 
Proposal 7: The SRS resource set configuration with usage of “antenna switching” also needs to be specified for P/SP/AP SRS resource set.

4	Conclusion
In this contribution, we provide our views of the enhancements on SRS design, our proposals are as follows:
SRS enhancements on TDD C-JT:
Proposal 1: In order to address the issue of the inter-TRP cross-SRS interference, the starting point of SRS transmission in frequency domain can be associated with cell ID such that SRS in different cells /TRPs is transmitted on different frequency domain location.
Proposal 2: Larger Pf value, e.g.,8  is preferred to increase SRS capacity and adopted to avoid inter-TRP cross-SRS interference via FDM for SRS transmission.
Proposal 3: The maximum number of cyclic shifts for a given comb value can be increased to enhance SRS capacity and avoid the inter-SRS interference.

SRS enhancements on 8Tx UL :
Proposal 4: 8-port SRS enhancement is needed for codebook based PUSCH transmission.
Proposal 5: Extend the maximum number of SRS resources in a SRS resource set for non-codebook based PUSCH transmission to 8.
Proposal 6: Specify the antenna switching configuration “8T8R” to support the maximum RANK-8 transmission based on 8Tx UE architecture; otherwise, the antenna switching configuration is “4T4R” or “2T2R” sounded with different antenna array groups defined by UE implementation. 
Proposal 7: The SRS resource set configuration with usage of “antenna switching” also needs to be specified for P/SP/AP SRS resource set.
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