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1. INTRODUCTION
The Rel-18 MIMO WID [1] proposes several enhancements to uplink reference signals. The WID scope includes the following objectives on SRS enhancements:

	4. 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:
[…]
· 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
[…]
5. 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.



In the last meeting, a preliminary down selection of schemes was done for SRS TDD CJT enhancements, and further agreements on 8 TX [2]. In this contribution, we provide our views on enhancements to SRS for the TDD-CJT scenario.  

2. BACKGROUND
[bookmark: _Hlk101909975]Prior to NR, 3GPP specifications were mainly targeting consumer devices such as smartphones which have a relatively similar form factor across the market. However, as wireless communication evolved, more and more devices of all different shapes and sizes, and with a wide range of service requirements are making use of 3GPP standards. One objective of the NR specifications is to address this challenge by coming up with solutions that target a wide range of devices with multiple applications so that the specifications can be futureproof. Therefore, UE devices are expected to be capable of supporting more advanced and varied antenna structures. 
The WID targets two scenarios for SRS enhancements. First, the Rel-18 WID aims at studying enhancements to use SRS for channel estimation in the case of Coherent Joint Transmission (C-JT). A second objective of the WID is to enhance SRS to enable transmission with more antenna ports (up to 8TX), i.e., more layers. 
In the RAN1 #110 meeting [3], it was agreed to introduce enhancements with the following scope:
	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



3. C-JT ENHANCEMENTS FOR TDD

Interference randomization 
In the RAN1 #109-e May meeting [4], several schemes were introduced and listed for further study:
	Study the following for SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS interference randomization and/or capacity enhancement
· Randomized frequency-domain resource mapping for SRS transmission
· E.g., further enhancements to frequency hopping, comb hopping
· Randomized code-domain resource mapping for SRS transmission
· E.g., cyclic shift hopping/randomization, sequence hopping/randomization, per-hop sequence from a long SRS sequence
· Randomized transmission of SRS
· E.g., pseudo-random muting of SRS transmission for periodic and semi-persistent SRS
· Per-TRP power control and/or power control of one SRS towards to multiple TRPs
· SRS TD OCC
· Increasing the maximum number of cyclic shifts 
· E.g., multiplying mask sequence to the legacy SRS sequence to effectively increase the maximum cyclic shifts
· Precoded SRS for DL CSI acquisition
· Enhanced signaling for flexible SRS transmission
· E.g., dynamic update of SRS parameters
· Partial frequency sounding extensions
· E.g., larger partial frequency sounding factor, starting RB location hopping enhancements, partial frequency hopping on other bandwidths corresponding to , besides the last bandwidth 
· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· E.g., configuration of  (sequence index within a group) per SRS resource
· E.g., configuration of cyclic shift per SRS port per SRS resource.
· Resource mapping for SRS transmission based on network-provided parameters or system parameters
· E.g., SRS resource mapping based on network-provided parameters (e.g., configurable indexes) or system parameters (e.g., slot index)
Note: PAPR performance and maintaining DFT waveform property should be considered when deciding the enhancement for Rel-18.



In the last meeting [2], a preliminary downselection of schemes resulted in the following agreement:

	Support at least one of the following for SRS interference randomization
· Randomized code-domain resource mapping for SRS transmission by introducing cyclic shift hopping / randomization to SRS resource
· Comb offset hopping for SRS
· The comb offset is determined pseudo-randomly as a function of time (e.g., slot index, symbol index) and/or NW configured ID with a certain UE-specific initialization.
· FFS: Other details, e.g., how the comb offset value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion.
For comb offset hopping for SRS and for randomized code-domain resource mapping for SRS transmission via cyclic shift hopping / randomization, further study the following:
· The hopping pattern (e.g., the pseudo-random sequence, time-domain granularity for hopping)
· The time-domain parameter and/or behavior (e.g., slot index, symbol index, re-initialization behavior)
· Network-configured ID for UE-specific initialization
· How the comb offset / cyclic shift value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion
· Potential issue on multiplexing with legacy UEs if CS hopping and/or comb offset hopping are enabled
· Applicability to periodic/semi-persistent/aperiodic SRS
Other details are not excluded


	
In the legacy operation, a UE receives an SRS resource configuration which indicates the required parameters to generate the SRS. The UE generates the signal according to a sequence with a configured transmission comb number, and a cyclic shift (CS) value (which is a function of the antenna port index) in transmissionComb. The UE also receives a sequence group and a sequence number in groupOrSequenceHopping. These parameters are RRC configured for one SRS resource; thus a UE generates an SRS with these fixed parameters whenever the SRS resource is triggered for transmission (periodically or aperiodically). 
	To reduce the impact of potential inter-TRP interference, it is agreed to support a parameter assignment to the SRS resource that does not remain static over time. This achieves interference randomization through allocating a different comb offset, cyclic shift, sequence number, or group index as a function of the time index. The details of the assignment are FFS. 
	One option is to configure multiple SRS resource configurations for a single SRS resource (e.g., multiple CS), and to add a time-domain pattern (e.g., a bitmap) which maps one configuration to one SRS resource transmission opportunity. For example, with 2 CSs configured, cyclical or sequential patterns can be configured, and mapped to {CS1-CS2}. For example, one mapping results in a UE alternating between using CS1 and CS2 at every transmission opportunity. Another pattern bitmap could indicate to alternate starting with CS1 for n1 transmission opportunities followed by CS2 for n2 transmission opportunities. 

Observation 1: A UE cannot dynamically adjust a parameter configuration of an SRS resource to perform interference randomization. 

Proposal 1: Support a configurable time domain pattern, where each time index is associated to at least one of a comb offset index, cyclic shift value, sequence index, or group number.   

Enhanced signaling for SRS transmission 
Besides studying interference randomization schemes, it is also very important to enhance the A-SRS resource triggering procedure. 

	· Enhanced signaling for flexible SRS transmission
· E.g., dynamic update of SRS parameters



 In NR Rel-16, a PDSCH payload can be transmitted in an mTRP deployment by employing one of different repetition modes (e.g., TDM, FDM, SFN). In an mTRP scenario, it is likely that many UEs simultaneously send SRS towards multiple TRPs to probe multiple TRP links which results in an increase of the overall interference in the network. To achieve a more accurate channel estimation, an SRS transmission is configured with different parameters to randomize interference or achieve orthogonality with other SRS resources. 
For TDD C-JT, the scheduling choice between sTRP and mTRP as well as selection of TRPs for C-JT depends on the SRS-based CSI measurement performed by the network. Other network considerations, e.g., resource utilization on different TRPs, interference in service area, etc., can also affect this decision. Therefore, a UE may be expected to support multiple SRS transmissions for channel estimation with many configurations to cover all interference scenarios amongst different coordinating TRPs. This includes parameters for randomization, orthogonality, and power control settings. 
Amongst all coordinating TRPs, only a subset of SRS resource configurations may be relevant to the network for channel estimation. For example, a network may be able to schedule multiple UEs in C-JT or sTRP; however, a network may prefer at another time to reduce the number of UEs considered for C-JT due to, e.g., high resource utilization. Further, the TRPs scheduled for C-JT can dynamically change depending on the UE orientation/movement with respect to the coordinating TRPs. So, depending on the number of active UEs and number of TRPs in the coordinating set, the optimal set of SRS parameters are dynamically changing to accommodate different combinations. Using periodic SRSs generates significant resource overhead and interference in the network while at the same time shortens UE’s battery life. 
One solution is to use aperiodic SRS (A-SRS) to dynamically trigger different SRS resources according to the network measurement requests. However, with the existing specification, mapping one SRS resource per triggering command may create issues in configuration overhead to handle all UE and C-JT TRP combinations. Then, it would be beneficial to enable the network to select triggered SRS resources for sTRP or mTRP, and to enable a dynamic indication of parameters in SRS configurations. By dynamically changing SRS parameters, the network can have a better control and reuse of SRS resource configurations to measure many hypotheses for many UEs. One example is to enable multiple SRS configurations with different parameters, and a MAC-CE may be used for updating SRS resource configurations. This provides some flexibility to the network to reconfigure the AP-SRS configurations more dynamically as a function of the interference in the network. 
	
Observation 2: Dynamic switching between different SRS resource parameters requires dynamic indication of parameters in SRS configurations.

Proposal 2: Introduce enhanced signalling for dynamic configuration of A-SRS.  

Multi-TRP power control 
	For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, study the options for an SRS resource set:
· Option 1: 
· Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
· Each transmission occasion of the SRS resource is towards multiple TRPs
· Option 2: 
· More than 1 power control processes each for a subset of SRS resource of an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
· Different transmission occasions of the SRS resource can be towards different TRPs


	An SRS resource set is configured with a pathlossReferenceRS which the UE uses in the power control formula to determine the transmit power. An SRS resource set can also be configured with pathlossReferenceRSList if there is no pathlossReferenceRS configured. It gives a list of multiple candidate pathloss RSs, one of which is activated through a MAC-CE and mapped to the SRS resource set. 
	In the TDD CJT case, the SRS resource is used to estimate the channel towards more than one TRP. Reusing the current specification with a single activated pathloss RS is not optimized for the transmission towards different TRPs. It’s not clear then which pathloss reference RS should be used for the SRS resources in the SRS resource set. This may result in a near-far issue due to mismatched transmission power towards TRPs. For example, if a UE adjusts its transmission power towards the farthest TRP, then the transmission power towards the nearest TRP will exceed the target P0 and generate significant interference impacting other served UEs. If the power is adjusted towards the nearest TRP, there is insufficient power to achieve the target P0 towards the furthest TRP. 
There are two options under discussion on how to enhance the power control settings.
· In Option 1, a single power control process is used for all SRS resources in an SRS resource set. The UE adjusts its transmission power, and transmits to multiple TRPs at once. However, instead of using a single activated DL pathloss RS in the power control formula, the UE generates a linear combination of multiple DL pathloss RS. One benefit is that the UE transmits at a constant transmission power for all SRS transmission instances which means a single SRS transmission instance is used to estimate multiple TRPs. It also doesn’t strain the UE hardware with multiple power level switching. However, this option does not seem to resolve the near-far issue, since the transmission power is not targeting any single TRP. 
· In Option 2, more than one power control process is configured in an SRS resource set. Multiple DL pathloss RSs are activated, and each one associated to a power control process. As such, one SRS resource is associated with more than one power control process to allow different transmission occasions of a same SRS resource to target different TRPs. Since an SRS resource set can already be configured with multiple pathloss reference RS in pathlossReferenceRSList, an additional enhancement is needed to enable more than one to be activated at a time through a MAC-CE. An additional configuration is also needed to map the pathloss processes to each SRS resource transmission occasion such as a time-domain pattern. This could be the same pattern used for interference randomization hopping, or a separate pattern can be defined.

Another alternative could be to use different SRS resource set with each resource set associated to a pathloss RS to one TRP. However, there is a limited number of SRS resource set configured, which may be used for other purposes (e.g., panel association). Our preference is to have one of Option 1 or Option 2 adopted to enhance one SRS resource set for mTRP operation. Based on the discussion, our preference is on Option 2. 

Observation 3: An SRS resource set has multiple pathloss reference RS configured but only one is activated at a time – for mTRP CJT enhancement, more than one can be used to determine the transmission power. 

Proposal 3: Support Option 2.

4. CONCLUSION
In this contribution, we provided our views regarding SRS enhancements for TDD CJT. Based on the presented discussion, we make the following observations and proposals:

Observation 1: A UE cannot dynamically adjust a parameter configuration of an SRS resource to perform interference randomization. 

Observation 2: Dynamic switching between different SRS resource parameters requires dynamic indication of parameters in SRS configurations.

Observation 3: An SRS resource set has multiple pathloss reference RS configured but only one is activated at a time – for mTRP CJT enhancement, more than one can be used to determine the transmission power. 

Proposal 1: Support a configurable time domain pattern, where each time index is associated to at least one of a comb offset index, cyclic shift value, sequence index, or group number.   

Proposal 2: Introduce enhanced signalling for dynamic configuration of A-SRS.  

Proposal 3: Support Option 2.

5. REFERENCES
[1] RP-213598, New WID: MIMO Evolution for Downlink and Uplink, Samsung, RAN Meeting #94e, December 2021
[2] Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #110b, October 2022
[3] Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #110, August 2022
[4] Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #109, May 2022


3/4
image1.png




image2.png
By <5< Bige




image3.png




