3GPP TSG-RAN WG1 Meeting #111	R1-2212726
Toulouse France, November 14 - 18, 2022

[bookmark: _GoBack]Agenda Item:	9.5.2.3
Source:	Moderator (Huawei)
Title:	Summary #1 of SRS in multiple cells
Document for:	Discussion and decision 


Introduction
RAN1#111 received the following LS from RAN2.
R1-2210804	LS on SRS in multiple cells	RAN2, Huawei
	1. Overall Description:
[bookmark: OLE_LINK1]In RAN2#119bis, the following Agreement was made:
Agreement:
Proposal 3 (modified): RAN2 agree to study enhancements on SRS configuration (12/15). Further study the following candidate enhancements on SRS configuration, including the possible interference and changes of spatial relations problems.
-	a) Validity area mechanism; (12/13)
-	b) SRS update mechanism; (10/13)
-	c) Pre-configure multiple SRS, which could include broadcast transmission of configurations with UE-specific determination along with the network of a configuration; (9/13)
FFS if item c would require network nodes to measure multiple SRS configurations for the same UE simultaneously.
LS to RAN1 to ask them about interference issues with SRS configurations across multiple cells and about the validity of SRS parameters.

 RAN2 has agreed on the study of SRS positioning validity area for LPHAP where the configured SRS is applicable across multiple cells. When cell reselection happens within the SRS positioning validity area, the UE can keep the SRS configuration and continue the SRS transmission if the UE is under a positioning procedure. 
During the study, concerns have been raised on the potential issues in physical layer, such as interference, timing alignment, spatial relation, and which SRS parameters can be valid across multiple cells, etc. 

2. Actions:
To RAN WG1
RAN2 kindly requests RAN1 to take the above information into account during the continued work for LPHAP and analyze whether SRS positioning configuration for LPHAP across multiple cells is feasible from RAN1’s perspective.




The following papers discuss the response from RAN1.
[1] R1-2210961	Draft reply LS on SRS on multiple cells	vivo
[2] R1-2211439	Discussion on LS Out on SRS in multiple cells	OPPO
[3] R1-2211494	Draft Reply LS on SRS in multiple cells	ZTE
[4] R1-2211655	Discussion on SRS in multiple cells	CMCC
[5] R1-2212473	Discussion on SRS in multiple cells	Huawei, HiSilicon
[6] R1-2212474	Draft reply LS on SRS in multiple cells	Huawei
[7] R1-2212498	draft reply LS on SRS in multiple cells	Ericsson

This paper provides the moderator summary of response to RAN2’s incoming LS.

Contact information
Please indicate the contact information in the table below.
	Company
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	Huawei (Moderator)
	Su Huang
	huangsu2@huawei.com

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	





Discussion
	Company
	Response/Proposal

	vivo [1, R1-2210961]
	For the concerns raised by RAN2, RAN1 would like to provide the following response.
	During the study, concerns have been raised on the potential issues in physical layer, such as interference, timing alignment, spatial relation, and which SRS parameters can be valid across multiple cells, etc


Regarding those issues with the three cases in the RAN2 agreement, RAN 1 thinks
a) Validity area mechanism.
Within a validity area, TA, spatial relation and pathloss RS should be ensured and then the interference should be limited.
b）SRS update mechanism
With the updated information, the network shall ensure interference, timing alignment, spatial relation, and other SRS parameters are valid in the new cell
c) Pre-configure multiple SRS
The configuration can be a per cell or per small area pre-configuration. UE can autonomously adjust the SRS configuration (e.g., timing alignment, spatial relation, and which SRS parameters) based on the cell reselection and pre-configure SRS information. And then the SRS parameters can be valid across multiple cells

For the questions asked by RAN2, RAN1 would like to provide the following response.
	RAN2 kindly requests RAN1 to take the above information into account during the continued work for LPHAP and analyze whether SRS positioning configuration for LPHAP across multiple cells is feasible from RAN1’s perspective.


Therefore, from RAN1’s perspective, SRS positioning configuration for LPHAP across multiple cells can be feasible. And some detailed work for interference, timing alignment, spatial relation, and SRS parameters can be done in WI.

	OPPO [2, R1-2211430]
	UL interference
Observation 1: With careful planning of SRS resources for positioning within the validity area, theoretically UL interference can be avoided.
Timing advance misalignment
Observation 2: If timing misalignment (e.g. timing gap between two SRS resources for positioning higher than a CP) occurs, the orthogonality of different SRS resources may be broken, thus introducing UL interference at NW side.
Proposal 1: For SRS positioning configuration across multiple cells, RAN1 should study and evaluate the performance loss due to the timing misalignment with the validity area.
Spatial relation update
Proposal 2: For LPHAP UE with spatial relation pre-configured across multiple cells, study the spatial relation update mechanism in RAN1.

Proposal 3: The answer to the Question is: For LPHAP UEs with pre-configured SRS positioning across multiple cells, RAN1 needs to study and evaluate the interference and timing misalignment discuss the spatial relation updating mechanism.

	ZTE [3, R1-2211494]
	RAN1 would like to thank RAN2 for the LS R1-2210804(R2-2210917) on SRS in multiple cells for LPHAP. 
With regard to RAN2’s questions on the potential issues in physical layer, such as interference, timing alignment, spatial relation, and which SRS parameters can be valid across multiple cells, etc, RAN1 has achieved the following agreement to further study the feasibility and details.  
	Agreement
· For UL and DL+UL positioning for UEs in RRC_INACTIVE, study the potential benefits and performance gains of enhancements on SRS for positioning in order to avoid frequent SRS (re)configuration, including at least the following:
· The (pre-)configuration of SRS for positioning. FFS details, e.g., signaling and procedure, whether/how it is applicable to an area across multiple cells, consideration of UL overhead/capacity implied by (pre-)configuration and multiple cells, etc;
· SRS for positioning activation/request procedure(s), e.g., network activation of SRS via paging, UE request to obtain/update SRS via RACH-based procedure;
· FFS: Events of invalidity of SRS configuration to trigger the UE request procedure.
· FFS whether it is applicable to UEs in RRC_IDLE state.


From RAN1 perspective, at least resourceType(whether SRS is periodic or semi-persistent) can be valid across multiple cells in a validity area. All other parameters configured by SRS-PosConfig-r17 can be different for the multiple cells, i.e. one to one mapping between SRS configurations and multiple cells, and then multiple (pre-)configured SRS configurations are needed for the multiple cells. When a UE camps in a cell of the validity area, the UE can automatically use the SRS configuration corresponding to the cell. 
The timing alignment(TA) can be also be configured along with each SRS configuration for each cell to inform the UE a cell specific or rough timing advance value. 
Furthermore, if the multiple SRS configurations for the multiple cells can share the same time and frequency domain SRS resources, the item c in RAN2’s agreement can be mitigated. That’s because the multiple cells/TRPs need to receive/measure the SRS resources for positioning purpose anyway. 

	[4, CMCC, R1-2211655]
	Timing advance
Proposal 1: For a positioning area containing multiple cells with the size that can be covered by CP, the Rel-17 validity criteria of TA can be reused to ensure the same TAG in such cells.
Proposal 2: For a positioning area containing multiple cells with the size that cannot be covered by CP, the TA timer and TA validation mechanisms in Rel-17 SRS transmission in RRC_INACTIVE state can be considered as an indication for the UE to acquire new TA rather than the justification of the validity of a configured SRS in multiple cells.
· FFS: UE procedures to acquire a TA without entering RRC_CONNECTED state.
· Details can be up to RAN2.
Spatial relation information
Proposal 3: Spatial relation information can be omitted for the configuration of SRS in multiple cells.
Power control
Proposal 4: Validity criteria of open loop power control and spatial relation information can be revisited to support SRS in multiple cells.
Proposal 5: From RAN1 perspective, it is feasible to support SRS in multiple cells by revisiting SRS configuration, validity criteria and fallback behaviors. Details can be further studied.

	[5, Huawei, HiSilicon, R1-2212473]
[6, Huawei, R1-2212474]
	Proposal 1: Reply to the LS from RAN2.
	It is RAN1 understanding that with regards to positioning SRS for multiple cells
· Interference issue is tolerable as legacy mechanism and is not a blocking issue as positioning SRS in previous releases could be received by multiple neighbouring cells.
· Timing alignment could be based on the last serving cell timing advance and current serving cell DL timing.
· Spatial relation and pathloss can be based on multi-cell reference signals, but spatial relation is low priority since LPHAP is primarily targeting FR1.
· All other parameters of positioning SRS in the IE SRS-PosConfig-r17 except the pathloss reference RS and spatial relation RS can be applied to multiple cells.




	[7, Ericsson, [7]	R1-2212498]
	RAN1 thanks RAN2 for its question. RAN1 has considered the possibility of keeping the SRS configuration valid in multiple cells in RRC_INACTIVE, and  made the following observations:
· The configuration of SRS in multiple cell to allow SRS mobility for RRC_INACTIVE UE impacts hearability for TRPs configured to listen to the SRS, and therefore increase the demand for TRP list update for UL positioning.   
· [bookmark: _Toc115470151]The configuration of SRS in multiple cells to allow SRS mobility for RRC_INACTIVE UE is not efficient from the resource utilization perspective, effectively increasing the SRS overhead by a factor equal to the number of cells the UE is excepted to roam in. 
· Alternatively, the use of an SRS resource without coordination would lead to increased interference
· Keeping the SRS configuration valid in multiple cell would require mechanisms to update the TA while in RRC INACTIVE, which would require additional power consumption. 



FL comments
Most sources commented on the identified RAN2 issues on interference, timing alignment, and spatial relation. Three sources [1, 4, 5] also provided additional comments to the open loop power control.
It is FL understanding that in order to address the feasibility question from RAN2, RAN1 could look into the following aspects.
Interference
Timing alignment
Spatial relation
Pathloss
Parameters valid across multiple cells

Interference
Most sources believe that the network could control the interference by implementation, e.g. careful planning, design a proper positioning validity area, controlling the delay difference from different UEs within the CP length.
One source thinks that the interference will increase without coordination among multiple gNBs.
Question 2-1
Do you think that interference impacts the feasibility of supporting multi-cell SRS?
	Company
	Yes/No
	Comments 

	Qualcomm
	No
	Interference could be handled by implementation

	Huawei, HiSilicon
	No
	Despite the interference, the feasibility still stand and can be mitigated by implementation.

	vivo
	No
	The inference existed in the Previous release for the neighboring cell, with the interference, the positioning also can be done.

	CMCC
	No
	Interference can be addressed by proper configuration and implementation

	Futurewei
	No 
	UL interference can occur if several UEs allocated with the same SRS (overlapping in time, frequency and code) are in close proximity. However, such UL interference is very rare and can be mitigated through various techniques such as implementation, etc. 

	ZTE
	No
	Interference will be handled by implementation

	mtk
	No
	Feasibility means it is functionally capable. Interference may impact performance.
Interference could be reduced (but not completely gone) through some solutions

	CATT
	No
	Interference may exist. It can be handled by implementation.

	Nokia/NSB
	No
	Even if there is interference, it does not mean it is infeasible, but we think the interference issue needs to be discussed. 

	OPPO
	No
	With careful planning of SRS resources for positioning within the validity area, the interference could be managed by NW. 

	Intel
	No
	There are ways to handle it and can be left to implementation. For example, some resource reservation can be applied to avoid interference in the cells within the positioning validity area.



Timing alignment
Most companies think that the timing difference between two SRS resource exceeding the CP length breaks the orthogonality of OFDM, which can be avoided by e.g. deploying a small validity area. Some sources also mentioned that the timing advance can be configured per cell, and some sources that TA validation can be used to mitigate the impact from timing alignment.
FL understanding is that timing alignment is affected by both the DL synchronization timing (DL reference time) and the timing advance (TA).
Question 2-2
Do you think that timing alignment impacts the feasibility of supporting multi-cell SRS?
	Company
	Yes/No
	Comments 

	Qualcomm
	No
	TA misalignment could be handled by implementation

	Huawei, HiSilicon
	No
	We understand that the Rel-16 already supports the non-serving cell to receive the SRS whose TA is only based on the serving cell. The timing alignment can be overcome by a proper deployment and network implementation.

	vivo
	No
	Same view as Qualcomm and Huawei

	CMCC
	No
	At least with proper configuration of positioning area, the timing misalignment can be covered by CP and not impacts the feasibility. 

	Futurewei
	No
	Share the same views as the above companies

	ZTE
	No
	Even in Rel-16, single SRS resource could be transmitted towards to multiple cells as multiple TRPs should measure the same SRS simultaneously. Hence, we don’t think TA is a problem for positioning. 

	mtk
	no
	A good example is the Rel-16 that  the transmission of SRS to neighbor cells follow the TA for serving cell. So timing alignment may somehow impact performance, but not the functionality (the feasibility)

	CATT
	no
	Similar view as above comments.

	Nokia/NSB
	No
	The TA is based on the servcing cell since Rel-16.

	OPPO
	
	The timing alignment also depends on the NW planning in DL (SSB selected for DL reception timing) and UL (SRS for positioning). If by any chance, the time gap greater than one CP due to a large region, the orthogonlity for SRS for positioning is gone and here comes interference which surley will impact positioning performance. 
So in our view, whether the timing alignment impact the feasibility, we would like to say “it depends”. 

	Intel
	No
	Similar views as other companies that it can be managed by gNB implementation. For example, gNB ensures that cells within the positioning validity area share some commonality in terms of timing errors.



Spatial relation
Most sources considered that the spatial relation should be further investigated for multi-cell SRS, while one source also mentioned that omitting the current spatial relation is sufficient.
Note: according to the FL understanding, omitting the field of spatial relation information for an SRS resource may be one approach to allow UE to perform SRS Tx beam sweeping.
Question 2-3
Do you think that spatial relation impacts the feasibility of supporting multi-cell SRS?
	Company
	Yes/No
	Comments 

	Qualcomm
	Yes No
	We think that spatial relation parameters may not be feasible to be valid across multiple cells. However, it is something that could be handled by implementation

	Huawei, HiSilicon
	No
	We do not think the problem of spatial relation in FR2 has any impact on the conclusion of feasibility. This can be further investigated/enhanced in the work item phase.

	vivo
	No
	We think there are several methods (e.g beam sweeping) to solve the issue

	CMCC
	No
	Although the spatial relation information is location-dependent, and may not valid for SRS in multiple cells, it does not impact the feasibility. A straightforward solution is not to consider or omit such parameter when configuring SRS across multiple cells. The UE can transmit the SRS in a beam sweeping way, or omnidirectional. Detailed enhancements can be further studied during normative work.

	Futurewei
	No
	For FR1, the spatial relationship is valid across multiple cells.  
For FR2, the spatial relationship may change due to UE movement. However, enhancements/solutions to this issue can be found. As such, the spatial relationship does not affect the feasibility of multi-cell SRS. 


	ZTE
	Partially yes
	Single spatial relation is definitely not sufficient across multiple cells. Hence, multiple spatial relations should be configured corresponding to different cells of the validity area. When UE moves to a new cell, UE can automatically use the corresponding spatial relation parameter. 

	MTK
	Yes
	Spatial relation in FR2 could be resolved or be enhanced in WI. So we think it will impact the feasibility but it could be further resolved

	CATT
	
	Need further discussion for FR2 in our view.

	Nokia/NSB
	No
	We think this is somewhat related to interference issue. Even if improper beam direction or sweeping probably leads to the interference, it is still feasible. However, we need further discussion in the WI.

	OPPO
	Yes
	At FR2, the pre-configured spatial relation for SRS can hardly always be proper. Similar view as MTK, the mechanism on updating the spatial relation should be investiaged during WI phase. 

	Intel
	No
	Necessity of updating spatial relation when UE moves to a different cell within the validity area does not necessarily imply infeasibility of supporting multi-cell SRS. How update can be done that can be discussed in WI phase.



Power control
A few sources considered that the power control should be further investigated for multi-cell SRS. Unlike spatial relation that can be omitted, pathloss reference for power control should be mandatory.
Question 2-4
Do you think that power control impacts the feasibility of supporting multi-cell SRS?
	Company
	Yes/No
	Comments 

	Qualcomm
	No
	We think power control parameters may not be feasible to be valid across multiple cells. However, it is something that could be handled by implementation.

	Huawei, HiSilicon
	No
	We do not think the problem of power control has any impact on the conclusion of feasibility. This can be further investigated/enhanced in the work item phase.

	vivo
	No
	We also think the problem of power control has any impact on the conclusion of feasibility. At least, within the preconfigured area, the path loss and the valid condition can be reused.

	CMCC
	No
	Similar as spatial relation information, we don’t think it impacts the feasibility of SRS in multiple cells. Detailed enhancements on pathloss RS configuration and UE fallback behavior can be further discussed during normative work.

	Futurewei
	No
	Power control does not impact the feasibility of supporting multi-cell SRS even though some enhancements may be needed. 

	ZTE
	Partially Yes
	Single PL parameter is definitely not sufficient across multiple cells. Similar as spatial relation, we think multiple sets of PL parameters should be configured corresponding to different cells of the validity area. When UE moves to a new cell, UE can automatically use the corresponding set of PL parameter. 

	mtk
	yes
	It will impact but It could be resolved to make multi-cell SRS feasible

	CATT
	No
	We don’t think it has the impact on the feasibility. But, we can further study the impact.

	Nokia/NSB
	No
	We have a similar view as spatial relation. The feasibility is okay.

	OPPO
	Yes
	Similar to spatial relation, the UL PC is closely associated with spatial relation. If spatial relation may impact the feasibility, so does the UL PC in the same manner.

	Intel
	No
	Same view as Huawei, vivo, CMCC




Parameters valid across multiple cells
According to the understanding from the FL, this does not seem to be related to the feasibility, but rather the work item details in terms of signaling design optimization if the feature is supported.
Question 2-5
Do you think that the parameters that can be valid across multiple cells impacts the feasibility of supporting multi-cell SRS?
	Company
	Yes/No
	Comments 

	Qualcomm
	No
	

	Huawei, HiSilicon
	No
	Feasibility stands regardless of how the configuration parameters are used.

	vivo
	No
	

	CMCC
	No
	

	Futurewei
	No
	Some parameters (e.g., the spatial relationship for FR2) may require enhancements in order to support multi-cell SRS, but it should not impact the feasibility.

	ZTE
	No
	

	mtk
	no
	

	CATT
	no
	

	Nokia/NSB
	No
	

	OPPO
	No
	

	Intel
	No
	



Question 2-6
Which parameters do you think can be valid across multiple cells?
	Company
	Resource Type (P/SP/AP)
	Time domain resource allocation
	Frequency domain resource allocation
	Spatial relation information
	Pathloss reference RS
	Others?

	Qualcomm
	Yes
	Yes
	Yes
	No
	No
	Valid across multiple cells:
comb-type, number of symbols, symbol offset, bandwidth and SRS frequency, periodicity and slot offset, sequence hopping parameters, number of resources in a set.

Not valid across cells:
Power Control parameters, spatial relation information, SSB Information

	Huawei, HiSilicon
	Yes
	Yes
	Yes
	No only for FR2
	Can be further enhanced.
	

	vivo
	Yes
	Yes
	Yes
	No 
	It may depend on the different enhancements in the RAN2 agreement
	

	CMCC
	Yes
	Yes
	Yes
	No
	No
	

	Futurewei
	Yes
	Yes
	Yes
	Yes (for FR1)
No (for FR2)
	This may depend on what the possible enhancement is.
	

	ZTE
	Yes
	Yes
We think different parameters can still be possible for multiple cells
	Yes
We think different parameters can still be possible for multiple cells
	No
	No
	Similar view as QC. 
However, we think it is feasible to configure different parameters like SRS SCS, comb offset for different cells.


	mtk
	yes
	yes
	yes
	no
	no
	

	CATT
	Yes
	Yes
	Yes
	No
	Maybe, depending on the moving area.
	

	Nokia/NSB
	Yes
	Yes
	Yes
	No
	No
	

	OPPO
	Yes
	Yes
	Yes
	No (for FR2)
	No
	Other Power control parameter set excluding PL-RS, e.g. P0, alpha

	Intel
	yes
	yes
	yes
	No
	Can be further discussed
	



Conclusion
Regarding on the feasibility issue, the FL understand that there is consensus that the issues related to interference, timing alignment, spatial relation, power control, and parameters valid across multiple cells does not make the SRS in multiple cells infeasible from RAN1 perspective. Some companies replied YES though mainly because they understand that the current parameter cannot be directly used, but with enhanced solution to be discussed in the WI phase, it is till feasible.
On the parameters that can be valid across multiple cells, there is consensus on resource type, time domain resource allocation, and frequency domain resource allocation, while there should also be the flexibility to configure different time domain and frequency domain resource allocation across different cells. For spatial relation and open loop power control (including pathloss reference RS, P0, alpha), they may be not valid across multiple cells, but companies believe the enhancement on those parameters can be further discussedin the work item phase.
It is then proposed to agree to the following proposal.
Proposal
Reply to RAN2 with regards to the feasibility of SRS in multiple cells as the following
SRS positioning configuration for LPHAP across multiple cells is feasible from RAN1’s perspective after checking the potential issues of interference, timing alignment, spatial relation, power control, and the parameters that are valid across multiple cells.
RAN1 assumes that the potential enhancements for the parameters that cannot be valid across multiple cells will be further discussed in RAN1.

