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Introduction
In RAN1#110 e-meeting, Rel-18 SRS enhancement was discussed with the following agreements:
Agreement
For Rel-18 reference signal enhancements, support and specify the following features (the agreed WID scopes apply):
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization;
RAN1 should strive to minimize the number of schemes supported in Rel-18
· SRS enhancements to enable 8 Tx UL operation and 8T8R SRS for DL operation.
Target usage includes antenna switching, codebook/non-codebook based SRS

Agreement
For 8 Tx SRS, at least support
· 8 ports in 1 SRS resource for ‘antennaSwitching’;
· FFS 8 ports in one or multiple SRS resources for ‘codebook’ 
Above does not imply support for 8 ports in one or multiple OFDM symbols

Agreement
For the maximum number of SRS resource sets for SRS with 8T8R with ‘antennaSwitching’, keep the existing value of the maximum number of SRS resource sets (as provided in Rel-17 antenna switching nTnR)

Agreement
For an 8-port SRS resource in an SRS resource set with usage antennaSwitching (i.e., for 8T8R antenna switching), the 8-port SRS resource is transmitted in at least one OFDM symbol.
FFS: the resource transmitted in multiple OFDM symbols where different ports are mapped to different symbols.

Agreement
For SRS resource set(s) with usage ‘nonCodebook’ support 8 1-port SRS resources in one or multiple OFDM symbols. 
· Note: The maximum number of simultaneous SRS resources is determined via UE-capability signalling.
In this contribution, we will discuss the potential solutions for SRS enhancement in Rel-18.
Discussion
1.1. SRS enhancement for coherent JT
To support NC-JT transmission, solutions for SRS capacity enhancement and/or SRS interference randomization were proposed by companies. In the past meeting, many options were clarified for further study. We analyze the candidate solutions with detailed alternatives based on our understanding as below.
	· Randomized frequency-domain resource mapping for SRS transmission
· A1: Further enhancements to frequency hopping
· A1.1: Different bandwidths in FH 
· A1.2: Additional parameters for FH
· A1.3: More SRS bandwidth configurations for FH
· A2: Comb hopping 


The current frequency hopping can already support frequency-domain resource randomization via hopping pattern per UE and partial sounding. Additional enhancement on hopping bandwidth/parameter may lead to backward compatibility issue and increase the channel estimation complexity, for example, scheduling restrictions due to coexistence of legacy and Rel-18 UEs. Even comb hopping would introduce additional scheduling restriction if some of the combs are reserved for Rel-18 UEs. We propose to deprioritize this solution.

	· Randomized code-domain resource mapping for SRS transmission
· B1: Cyclic shift hopping / randomization
· B2: Sequence hopping / randomization 
· B3: Per-hop sequence from a long SRS sequence


Cyclic shift hopping has been proposed since LTE for many times. We doubt whether it is worth to spend more time on this scheme, since the gain over current group hopping/sequence hopping is unclear. Considering CJT is based on ideal backhaul, where neighbouring TRPs can cooperate with SRS configuration, the probability of SRS sequence collision can be well controlled. 
The benefit of per-hop sequence from a long SRS sequence is also unclear, and three issues should be considered: 
· sequence hopping based on index of slot and OFDM symbol cannot be adopted for each hop.
· SRS with different bandwidths and the same RBs in one hop cannot be multiplexed together. 
· PAPR may be increased with a truncated sequence. 

	· Randomized transmission of SRS
· E.g., pseudo-random muting of SRS transmission for periodic and semi-persistent SRS


As commented before, in CJT scenarios with ideal backhaul, TRPs can cooperate with SRS configuration. In this case, longer periodicity for P/SP SRS or cooperative AP SRS can be a better solution to avoid SRS collision among UEs in different TRPs. Further evaluation result is needed to justify the benefit, including the potential performance loss due to less SRS. 

	· Per-TRP power control and/or power control of one SRS towards to multiple TRPs
· D1: Per-TRP power control
· D2: Power control based on more than 1 DL pathloss RS 


[bookmark: _Hlk109826282]On one hand, we think this solution is not related to “SRS capacity enhancement and/or interference randomization”. We doubt whether it is within the scope of the WID. 
For D1, per TRP power control via multiple SRS resources has been supported by NR. We don’t think one SRS resource can support per TRP power control since only single transmit power would be applied. For D2, only one pathloss value would be applied to power control finally. Then the benefit of multiple RS based pathloss over single RS based pathloss is unclear considering the pathloss RS and other power control parameters are controlled by gNB.

	· SRS TD OCC


TD-OCC can be considered as one potential enhancement for higher capacity for UE configured with SRS repetition. However, the scenarios may be a little restricted. Furthermore, in Rel-17, different values of repetition factor R∈{1,2,3,4,5,6,7,8,10,12,14} are supported. Whether/How to support TD-OCC for all the candidate values is also an issue, e.g., it is difficult to support TD-OCC for some values like {3,5,7}. For other values, a length-2 TD-OCC sequence may be considered to be repeated for different repetitions factors. For example, one SRS resource with R=8 can be multiplexed with four SRS resources with R=2 via TD-OCC. One further issue is that TD-OCC would be difficult to be applied across hops. 

	· Increasing the maximum number of cyclic shifts 
· F1: Multiplying mask sequence to the legacy SRS sequence to effectively increase the maximum cyclic shifts


Current SRS framework already supports maximal 12 cyclic shifts. It is difficult for gNB to fully exploit the 12 cyclic shifts due to the potential interference among ports with different CSs in multi-path channel, especially when the sequence length is not so large. We think it is meaningless to further increase the maximal number of CSs.

	· Precoded SRS for DL CSI acquisition


Precoded/beamformed SRS requires channel reciprocity at UE to derive the precoder/beam for the SRS. Furthermore, UE Tx/Rx antennae need to be calibrated to ensure the consistency between transmission and reception. The antenna calibration would introduce significant complexity/requirement to UE. 
On the other hand, the precoding of SRS should be based on the rank for DL transmission. But without non-precoded SRS, how can gNB derive the precoder for CSI-RS and then transmit precoded CSI-RS for rank feedback from UE? If non-precoded SRS is needed anyway, then the SRS capacity cannot be increased actually. Also, If UE reports the precoder/beam of SRS to the gNB, additional UCI overhead is needed especially when the precoder is changing.

	· Enhanced signaling for flexible SRS transmission
· E.g., dynamic update of SRS parameters
· E.g, frequency-domain parameter


In NR, the SRS resource set with different parameters can be dynamically triggered by DCI. Dynamic scheduling offset, which was introduced in Rel-17, can also provide some flexibility. It unclear whether further flexibility is needed and would be actually adopted at gNB. If dynamic update of SRS parameter is applied to P/SP SRS, then there is no difference with AP SRS. Regarding dynamic updating for the number of UE antennas that are sounded for antenna switching, we don’t see the use case that current RRC based configuration would cause some issue. 

	· Partial frequency sounding extensions
· I1: Larger partial frequency sounding factor
· I2: Starting RB location hopping enhancements
· I3: Partial frequency hopping on other bandwidths corresponding to b, b_hop<b<B_SRS   besides the last bandwidth B_SRS
· I4: Dynamic changing partial sounding parameters


We think the partial frequency hopping introduced in Rel-17 is sufficient for most target scenarios. Further enhancement is not needed unless there is evaluation result to justify the benefit.  We should first make sure that the enhancement in Rel-17 can be applied in practical. Furthermore, I1, I3, I4 cannot increase the SRS capacity or randomize the interference at all, and I1 and I2 may cause backward compatibility issue.

	· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· J1: Configuration of v (sequence index within a group) per SRS resource
· J2: Configuration of cyclic shift per SRS port per SRS resource


In current SRS framework, configuration of u per resource can already provide the functionality of interference randomization. The benefits to configure v per resource instead of being derived from a pseudo random sequence need to be justified. Also, the cyclic shift is already generated per SRS port based on fixed offset, which is sufficient for port multiplexing. For this solution, backward compatibility issue needs to be considered, e.g. multiplexing with legacy UEs. We think similar result can be achieved via proper gNB scheduling, e.g. of multiplexing UEs. 

	· Resource mapping for SRS transmission based on network-provided parameters or system parameters
· K1: Based on network-provided parameters, e.g., network-provided ID
· E.g., based on network-provided ID (different from cell ID) at least for n_"ID" ^"SRS" , which may also be related to TRP IDs of the CJT network
· K2: Based on system parameters, e.g., time indexes
· E.g., based on OFDM symbol index, slot index, radio frame index, etc.



The time-frequency resources of a SRS resource are configured by RRC in symbol and PRBs level. The benefits of further introducing additional configuration parameter or system parameter for resource configuration is unclear. The multiplexing among different UEs would also become very complex. For K1, a simpler solution can be coordination among TRPs on the value of to avoid collision. For K2, we think symbol level sequence hopping is sufficient. 

Based on our analysis, the benefits of most options are unclear and most may additionally introduce scheduling restriction, backward compatibility issue or complexity issue. We suggest to down select to few solutions for further study in this meeting and then the number of schemes supported in Rel-18 can be minimized. 
Observation: No significant benefit is observed from the candidate solutions.
· For further study, TD-OCC across SRS repetitions can have higher priority.
1.2. 8 ports SRS transmission
To support 8 ports for uplink codebook and non-codebook based transmission, current SRS resource configuration/indication needs to be enhanced. For codebook-based transmission, the 8 antenna ports can be configured in one SRS resource or can be grouped via two 4-port SRS resources. If two resources are adopted, there may be a compatibility issue to legacy SRS configuration with multiple SRS resources and SRI indication. For example, when multiple SRS resources are configured and selected by SRI, the resources should be grouped first for 8 ports and then the SRI would indicate a resource group for uplink transmission. That would introduce significant specification impact to current mechanism. Also, if the two resources are not located in the same or neighboring symbols, there would be performance loss due to channel variation. Hence, extending a SRS resource to support 8 ports can be a better choice, which only needs little standardization effort. 
For non-codebook based transmission, 8 ports can be supported via one SRS resource set with at most 8 resources, or by two SRS resource sets with at most 4 resources per set as in Rel-17. However, many issues may raise for the latter solution. On one hand, two SRS resource sets for PUSCH repetition were introduced in Rel-17, and additional signing is needed to differentiate the use cases when multiple SRS resource sets are configured. On the other hand, multiple SRIs are needed to indicate SRS resources in different sets, or the SRI should be designed to be able to indicate SRS resources across resource sets. The specification impact is significantly larger than 8 resources in one set, for which only simple extension of current SRI indication is sufficient. 
Proposal: Extend current SRS configuration to support 8 ports in one resource for CB and 8 resources in one SRS resource set for NCB
There can be different ways to multiplex more ports within one SRS resource. As shown in Fig.1, CDM (Comb=2 and 4 ports per comb), FDM (Comb=4 and 2 ports per comb) or TDM (Comb=2, symbol=2 and 2 ports per comb per symbol) can be considered as solutions for this extension. Among them, TDM can provide additional gain assuming that the maximal transmit power can be improved by 3dB for power limited UEs.
        …    
…   
…    

Fig.1: Different multiplexing methods for 8 ports SRS (CDM, FDM and TDM)
Proposal: Support 8 ports SRS resource where different ports are mapped to the same or different symbols.
Conclusion
In this contribution, we discuss the potential SRS enhancement in Rel-18 with the following proposals:
Observation: No significant benefit is observed from the candidate solutions.
· For further study, TD-OCC across SRS repetitions can have higher priority.
Proposal: Extend current SRS configuration to support 8 ports in one resource for CB and 8 resources in one SRS resource set for NCB.
Proposal: Support 8 ports SRS resource where different ports are mapped to the same or different symbols.
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