Page 1
3GPP TSG RAN WG1 #112							         R1-2300160
Athens, Greece, February 27th – March 3rd, 2023

Agenda Item:		9.1.3.2
Source:			InterDigital, Inc.
[bookmark: Title]Title:				SRS Enhancements for CJT and 8TX UEs
[bookmark: DocumentFor]Document for:		Discussion and Decision

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 previous meetings [2], it was agreed to introduce enhancements to the hopping procedure of SRS. In this contribution, we provide our views on the additional details for the TDD-CJT scenario. 

2. SRS ENHANCEMENTS FOR TDD-CJT
SRS comboffset /cyclic shift hopping
	For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port,
· FFS: Hopping pattern
· Support at least hopping based on slot index, OFDM symbol index
· FFS: Use of symbol group based on repetition factor 
· FFS: Additional details on intra-slot hopping based on OFDM symbol index, inter-slot hopping based on slot index, per occasion of SRS resource
· FFS: Re-initialization periodicity 
· Applicable to at least periodic/semi-persistent SRS with usage antennaSwitching
FFS: Other types of SRS
· FFS: Configuring a subset of comb offsets / cyclic shifts for comb offset hopping / cyclic shift hopping, respectively
· FFS: Combined comb offset hopping and cyclic shift hopping, supporting both, or down selecting one

For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on:
Option 1: The hopping pattern is based on the pseudo-random sequence c(i), initialized with a network-configured ID.
FFS: The ID could be cell ID , SRS sequence identity , C-RNTI, or a new ID
FFS: The relation between the legacy group / sequence hopping and the new hopping 

Proposal 2.1-2B
For SRS interference randomization, support one from the following options  (to be decided in RAN1#112):
· Opt. 1: Cyclic shift hopping
· Opt. 2: Comb offset hopping
· Opt. 3: Both cyclic shift hopping and comb offset hopping
· FFS: details including whether to support separate and/or combined hopping
FFS: details on UE capability and signaling



Amongst all the proposed schemes, it is agreed to further enhance the hopping of SRS resources through the support of at least a time-based hopping configuration, with the granularity FFS (e.g., based on slot or OFDM symbol index). OFDM symbol index hopping requires a faster switching time which may increase UE’s complexity. Hence, another option is to define a granularity based on multiple symbols. However with such solution, the time duration for averaging and seeing the effect of randomization may become too long. To make it more flexible, one alternative is to define the hopping pattern based on the repetition factor of an SRS resource. For a configured number of symbols (i.e., symbol group), the hopping parameter remains constant, and switches in the next group of symbols. 

Observation 1: The hopping granularity has an impact on the UE switching complexity and the time scale to perform measurements. 

Proposal 1: The hopping granularity is defined as a function of the symbol group per repetition factor. 

	With respect to the hopping pattern, it is agreed that it is determined based on the pseudo-random sequence c(i) which is initialized with a seed parameter ID which is network configured.  It is FFS which parameter should be used as the ID. A UE-specific ID is preferred to prevent UEs selecting a same random ID which would lead to collision and performance degradation. 

Observation 2: If not UE-specifically configured, different UEs could collide with the same hopping patterns.  

Proposal 2: The initialization ID is UE-specifically configured. 


As for the details of the hopping scheme, it’s FFS whether cyclic shift hopping, comb offset hopping, or both shall be supported. Comb offset hopping enables different UEs to reduce their mutual interference as the SRS-carrying REs shift at every hopping occasion. However, the network is more restricted in its comb offset allocation since the number of comb offsets is more limited than the number of available cyclic shifts. There is therefore some tradeoff depending on the number of UEs configured with hopping sequences. Cyclic shift or comb offset may be used in different scenarios, depending on the UE’s performance or network scheduling restrictions. Therefore, we support introducing both, as separate hopping options (e.g., a UE transmits SRS with either cyclic shift hopping, or comb offset hopping). In terms of specification impact, once one scheme is specified then the other scheme should be straightforward to also support. 

Observation 3: Specifying cyclic shift and comb offset hopping gives the network scheduling flexibility to configure either one depending on the resource utilization and interference. 

Proposal 3: Support Opt.3: Both cyclic shift hopping and comb offset hopping, with separate hopping. 

Multi-TRP power control 
	Proposal 2.5C: For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set, down select one from the following options:
· Option 0 (For legacy TRP-specific SRS using multiple SRS resource sets; no enhancement in Rel-18):
· M (M >= 1) power control processes for M SRS resource sets where each of the M power control processes is based on a different UL power control parameter set (P0, alpha, and closed loop state) associated with a different DL pathloss RS
· Each of the M SRS resource sets is for one of the M TRPs. M is generally at most 2 per current standards.
· Option 1 (For TRP-common SRS using one SRS resource set):
· Same power control process for all SRS resources of an SRS resource set where the power control process is based on one P0 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 (For TRP-specific SRS using one SRS resource set):
· M (M >= 1) power control processes for the SRS resource set where each of the M power control processes is based on a different UL power control parameter set (P0, alpha, and closed loop state) associated with a different DL pathloss RS
· Different transmission occasions of the SRS resource can be towards different TRPs
· Only for P/SP SRS
· Option 3 (For TRP-common and/or TRP-specific SRS using one SRS resource set):
· M (M >= 1) power control processes for the SRS resource set where each of the M power control processes is based on one P0 value, one closed loop state, and jointly on N (N >= 1) DL pathloss RS(s) and/or N alphas, where N can be different for different power control processes
· A transmission occasion of the SRS resource can be towards N (i.e., one or multiple) TRP(s) based on which power control process is used
· FFS: Only for P/SP SRS or for P/SP/AP



An SRS resource set is configured with a pathlossReferenceRS which a UE uses it 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, from which one 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 furthest TRP, then the transmission power towards the nearest TRP will exceed the target P0 and generate significant interference to its served UEs. If the power is adjusted towards the nearest TRP, there is insufficient power to achieve the target P0 towards the furthest TRP. 
The issue of power control was discussed last meeting, and, leading up to this meeting, the FL provided Proposal 2.5C up for discussion at this meeting. There are four options under discussion on how to enhance the power control settings.
· In Option 0, Rel-18 procedure is reused where different SRS resource sets are configured with each resource set associated to a pathloss RS. The purpose is to implicitly link an SRS resource set to one TRP. However, there is a limited number of SRS resource sets configured, which may be used for other purposes (e.g., panel association). 
· 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 it to target 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 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. 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 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.
· In Option 3, is a combination of Option 1 and Option 2, where one SRS resource set is configured with more than one power control process, and where each power control process is determined based on a linear combination of pathloss RS. Similar to Option 1, we don’t think using the linear combination addresses the near-far issue. 

Based on the discussion, our preference is on Option 2. 

Observation 4: 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 4: Support Option 2.

Other schemes
	Proposal 2.2A: Support SRS TD OCC for TDD CJT SRS enhancement.
· FFS: Dropping rules of collision with other uplink resource, other details.

Proposal 2.3B: Support precoded SRS for DL CSI acquisition by reusing the standardized mechanism for NCB SRS as the baseline design and striving to minimize the standard impact.
· Only for UEs supporting NCB SRS
· FFS: If any additional UE antenna calibration is needed for precoded SRS for DL CSI acquisition
· For UEs with xTxR
· FFS: For UEs with xTyR
· This feature is optional and subject to UE capability.

Proposal 2.4C: Study, and if justified, support at least (and/or at most) one of the following SRS capacity enhancement schemes:
· Multiplying mask sequence to the legacy SRS sequence
· FFS: Feasibility, PAPR, and performance
· FD OCC
· FFS: Feasibility, PAPR, and performance

Proposal 2.6.2: Support pseudo-random muting of SRS transmission:
· Muting / transmission is per SRS transmission occasion, where a bundle of L transmission occasions is considered together.
· An index corresponding to a binary sequence of length L from a set of binary sequences is determined based on the pseudo-random sequence c(i) as a function of time (e.g., slot number, symbol number) with a certain UE-specific initialization.

Proposal 2.6.3: For a multi-port SRS resource, support new cyclic shift mapping to enable non-uniform cyclic shift allocation within the range [0, n_CS^max - 1] across ports.
· This does not change the comb offset mapping across ports.
· E.g., per-port configuration.
· E.g., dividing [0, n_CS^max - 1] in multiple non-overlapping sub-regions.




Leading up to this meeting, the FL made proposals on other schemes that remain FFS. The schemes have been discussed for several meetings, with no consensus yet. In our view, we should prioritize the discussion on the comb offset and cyclic shift cycling schemes which seemingly have good support, and down-prioritize other scheme for Rel-18. 

Observation 5: Additional enhancement schemes have varying levels of support, but haven’t achieved consensus in Rel-18 yet. 

Proposal 5: For Rel-18, down-prioritize schemes other than comb offset and cyclic shift cycling.

3. CONCLUSIONS
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: The hopping granularity has an impact on the UE switching complexity and the time scale to perform measurements. 

Observation 2: If not UE-specifically configured, different UEs could collide with the same hopping patterns.  

Observation 3: Specifying cyclic shift and comb offset hopping gives the network scheduling flexibility to configure either one depending on the resource utilization and interference. 

Observation 4: 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. 

Observation 5: Additional enhancement schemes have varying levels of support, but haven’t achieved consensus in Rel-18 yet. 

Proposal 1: The hopping granularity is defined as a function of the symbol group per repetition factor. 

Proposal 2: The initialization ID is UE-specifically configured. 

Proposal 3: Support Opt.3: Both cyclic shift hopping and comb offset hopping, with separate hopping. 

Proposal 4: Support Option 2.

Proposal 5: For Rel-18, down-prioritize schemes other than comb offset and cyclic shift cycling.
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