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1	Introduction
During RAN2#109e, the issues regarding non-periodic SRS were initially discussed with the following offline discussion
[AT109e][611][POS] Support of non-periodic SRS cases (Huawei)
	Intended outcome: Summary of agreements on support of aperiodic SRS including triggering by gNB or LMF, and progress towards design of a MAC CE for SP activation/deactivation.  Summary in R2-2001935.
	Deadline:  Wednesday 2020-03-04 1300 CET
While, with limited time, the discussion was postponed with the following arrangement for email discussion. 
[Post109e#30][NR/Pos] Non-periodic SRS for positioning (Huawei)
Scope: Discuss the proposals from R2-2001935.
	Intended outcome: Summary for next meeting
In this document, we intend to progress the discussion on top of the discussion in offline 611 in RAN2#109e. While for offline 611, the discussions on MAC CE for the activation/deactivation for SP SRS have been fianlized into the running CR, we discuss the remaining issues on non-periodic SRS and its supporting procedures.
2	Discussion
In the LS from RAN1 [1], the following information has been provided.
	RAN1 would like to inform other RAN WGs on the following agreement:
Agreement:
· SRS for positioning supports semi persistent configuration with MAC CE activation/deactivation, with SRS for positioning to be received at the serving cell and neighbor cell
· The aperiodic SRS for positioning is triggered by a DCI
· There is no impact to Rel-15 DCI (reuse the triggers in place in rel-15)
· The support of the reception of aperiodic SRS for positioning by the neighbor cell, is up to decision by RAN2 and RAN3 working groups
· RAN1 assumes that the SRS for positioning configuration will be included in the RRC configuration of a UE and that it is up to RAN2 and RAN3 WG’s scope to analyze further the system level aspects along with any further work on the design of higher layer signaling.


As summarized in the stage2 summary, the following options have been provided by different companies during the meeting:
· Option1: Define a new NRPPa procedure that enables an LMF to request activation/deactivation of semi-persistent and aperiodic SRS-for-positioning resource sets from a gNB. [R2-2001214]
· Option2: At the time when non-periodic SRS resource is activated (for LTE, it is the time when SRS configuration in eNB is changed or UE performs handover), gNB sends UPLINK POSITIONING INFORMATION UPDATE message to the LMF. Then, the LMF sends MEASUREMENT REQUEST to the neighbouring cells with the configuration of non-periodic SRS resources. This procedure is similar to the SRS configuration update procedure in UTDOA  in LTE. R2-2000513
· Option3: After the selection of TRP, LMF sends all the SRS configurations to the neighbouring cells, including periodic, semi-persistent and aperiodic SRS configuration. Then, the neighbouring cells blindly detects periodic, semi-persistent, and aperiodic SRS sent by the UE. If any of the SRS signal is detected, the neighbouring cells would sent MEASUREMENT RESULTS back to the LMF. R2-2000513
· Option4: configuration is provided to the neighbouring cells with the configuration of periodic SRS configuration. Then, it is up to the gNB implementation (with the proper DCI timing) to ensure the non-periodic SRS is transmitted according to the time/frequency configuration of the periodic SRS configuration. The main consideration is that the interaction of gNB and LMF may take too long time for the neighbouring cells to receive/measure the non-periodic SRS. R2-2000967
For the above 4 options, we can make a summary with the following table with regard to different aspects of the design	Comment by Ericsson: May be it is good to ask companies which of the below Options company prefer.
This may simplify.	Comment by YinghaoGuo: This summary provides the background for the discussion, while for different options, they provides an ensemble of solutions for multiple issues. It would be better if they can be analysed separately.  
	
	Activation/deactivation decided by 
	Activation/deactivation triggered by
	Configuration transferred in the NRPPa MEASUREMENT REQUEST
	Additional activation/deactivation signalling required in NRPPa

	Option1
	Serving gNB
	LMF
	all non-periodic SRS configurations
	signalled by NRPPa from LMF to serving gNB and LMF to neighbouring cells

	Option2
	Serving gNB
	serving gNB
	all non-periodic SRS configurations
	signalled by NRPPa from serving gNB to LMF and LMF to neighbouring cells

	Option3
	Serving gNB
	serving gNB
	all non-periodic SRS configuration
	No need

	Option4
	Serving gNB
	serving gNB
	only periodic SRS configuration
	No need




Based on the above LS, the support of the reception of aperiodic SRS for positioning by the neighbor cell is contingent on discussion in RAN2/3. We suggest to discuss the following two issues for SP and AP SRS.
· Feasibility for the neighbor gNB to receive the aperiodic SRS
· Triggering SRS transmission by gNB or LMF
2.1	Support of aperiodic SRS

Discussion#1: Feasibility for the neighbor gNB to receive the aperiodic SRS
Companies are invited to update their inputs on the following issue:
Q1: Do company think it is feasible for the neighboring gNB to receive the aperiodic SRS with the potential NRPPa signaling delay?
	Company 
	Yes/No
	Comments

	Ericsson
	No
	Besides the delay, there are certain SRS dropping rules, thus UE may skip aperiodic SRS transmission.

	Qualcomm
	Yes
	The TX request message sent by an LMF to the serving gNB of the target device can include a start time when the AP SRS is requested. 
In response to Ericsson comment, we understand that AP-SRS has higher priority than SP or periodic SRS, and already the periodic SRS-for-positioning could be dropped compared to an AP-SRS or SP-SRS for other purposes. So, the fact that AP-SRS can be dropped is not a “new” problem and seems irrelevant in this context.

	Nokia
	Yes
	We think it is technically feasible to receive aperiodic SRS in neighbor cells/gNB given relevant signaling support are in place. What will be the signaling delay in doing so and whether it will be useful for commercial use cases is difficult to say without detailed evaluations. 

	Huawei
	No in general cases
	It is not possible to neighbouring gNB to know the slot level timing of the SRS, since neighbouring gNB is not receiving the DCI from the serving gNB.
In one particular case, the AP SRS configuration is provided to the neighbouring gNB in a form of “periodic SRS configuration”, and serving gNB ensures the transmission timing of triggered SRS to match the “periodic SRS configuration”, and it can be feasible.

	CATT
	Yes but not now
	A new NRPPa procedure should be designed to support the aperiodic. Suggest postponing aperiodic SRS to R-17, only supporting SPS SRS in R16.

	Intel
	No
	It is mentioned in RAN1 LS “o	The support of the reception of aperiodic SRS for positioning by the neighbor cell, is up to decision by RAN2 and RAN3 working groups”. We do not see the benefit to support aperiodic SRS for neighbor cells considering the additional efforts we need.

	vivo
	Yes(conditional)
	Even though AP-SRS can be dropped is not a “new” problem, the serving cell can see the drop if AP-SRS for other usage is dropped. But neighboring cell and LMF are difficult to find.

	ZTE
	no
	This procedure will bring too much signal overhead and increase the delay.

	OPPO
	No
	The long signaling delay may cause the neighboring gNB to miss the aperiodic SRS.



Summary: Within the 9 companies provided the feedback, 5 think it is not feasible, 1 thinks it is feasible, but not now, and the other 3 think it is feasible
Proposal1: RAN2 should discuss whether aperiodic SRS is supported for R16 positioning.

2.2 Supporting procedure for non-periodic SRS
In this section, we discuss the supporting procedure for non-periodic SRS, which encompass the discussion on both aperiodic and semi-persistent SRS. 
Discussion#1b: Supporting procedure for aperiodic SRS
Next, we handle the issue of how the AP SRS should be supported if the final conclusion is that aperiodic SRS is supported for R16 positioning. Based on the submitted tdocs and the comments in Discussion#1, the following options are available:
· Option1: The TX request message sent by an LMF to the serving gNB of the target device can include a start time when the AP SRS is requested. [QC comment]
· Option2: No spec change is needed.
· The AP SRS configuration can be provided to the neighboring gNB in a form of “periodic SRS configuration”, and serving gNB ensures the transmission timing of triggered SRS to match the “periodic SRS configuration”. Then, it can be feasible to support AP SRS. [HW comment]
Companies are invited to provide their understandings on the above issue for which option should be supported for aperiodic SRS or other options if there is any.
	Company
	Comments (Preference on the above options or other options)

	Ericsson
	In terms of signaling, the overhead for semi-persistent and aperiodic is around the same.
For FR1, as dedicated SRS transmission towards neighbor is not essential; the aperiodic trigger for serving may work fine also towards neighbor.
Provided there is UE capability to support aperiodic SRS transmission towards neighbor cell, it can be activated in FR2. As semi-persistent is already supported then aperiodic SRS configuration should be supported as the overhead is same. 
LMF may recommend the rough time for activation of SRS which gNB may consider to determine slotOffset duration.

	Intel
	The support of AP SRS mainly impact NRPPa and should be under RAN3 scope. It would be good if we can avoid the duplicated discussion. 

	Huawei/HiSilicon
	The supporting signal procedure for a REAL AP-SRS may have impact on
· Part I: LMF requesting aperiodic SRS from the serving cell
· Part II: LMF requesting measurement based on the aperiodic SRS from the serving/neighbouring cell
Our preference is
· In Part I, LMF may or may not provide a rough time to the serving gNB, but gNB should always return the accurate time (detailed to the level of a specific slot) of SRS prior to actually triggering it. 
· In part II, LMF provides the accurate time (detailed to the level of a specific slot) to the serving/neighbouring gNB to request the measurement result based on the SRS. The existing periodic SRS configuration (a pseudo periodicity-and-offset to point to the specific slot) can be used via setting the number of transmissions to only 1.
The underlying reason is that 
· For Part I, only a rough time (subframe-level or SFN-level), if any, can be provided, as LMF is not aware of the slot format. 
If in Part II, neighbouring cell is also provided with such a rough timing, without detailed slot-level information, it will further trigger very complicated mechanism to blindly detect SRS, and rescheduling data to avoid collision..

	CATT
	We prefer not to support aperiodic SRS in R16. It would be better for RAN3 to design the required NRPPa message if triggering aperiodic SRS is agreed. 

	Nokia
	First, Option 2 solution description is not clear at all. I do not understand what is meant by “AP SRS configuration can be provided to the neighboring gNB in a form of “periodic SRS configuration”. I cannot correlate that with the comments from Huawei.
Second, Option 1 is clear and seem simple to add one parameter to NRPPa messages to serving and neighbor gNBs. So, if we must agree to AP SRS in Rel-16, this looks like a feasible solution.
Third, given that only two solutions are on the table (one of which is unclear) but the comments from Huawei seem to require more detailed discussion and also since Ericsson seem to suggest more new enhancements under Section 2.3 impacting RAN3 NRPPa protocol, it may be better to postpone AP SRS reception in neighbor cells to Rel-17 when we can have a more detailed discussion.
So, our preference is to postpone AP SRS reception in neighbor cells to Rel-17. But, if this must be supported in Rel-16, we prefer Option 1. If we go for Option 1, NRPPa signaling decisions should be left to RAN3 and not discussed under this email discussion.

	Qualcomm
	Option 2 seems to treat aperiodic SRS as a special case of periodic. I.e., the TRPs expect the SRS at an a-priori defined (periodic) instance or instances, and the gNB triggers the AP SRS at the same periodic instance(s). Even in this case, I believe the TRPs need to know at which of the periodic instance(s) the SRS should be received and measured at the TRPs, and therefore, would be similar to Option 1, but with restrictions on the time of trigger. This seems to restrict aperiodic SRS unnecessarily. A start time for measurements at the TRPs seems needed anyhow, e.g. also for  semi-persistent or periodic. The TRPs must know the correct time instance of the SRS for measurement, independent on whether a single instance or multiple instances are transmitted by the UE (e.g., analogous to SFN0-offset and expected RSTD for DL positioning) . 

	OPPO
	We share similar view with Nokia, the discussion on AP SRS can be postpone to Rel-17 since more detailed discussion are required.



Proposal2: RAN2 should discuss how aperiodic SRS should be supported if it is agreed to be supported.. 
Discussion#2: Triggering SRS transmission by gNB or LMF
For the triggering of non-periodic SRS, generally, there are two options with the following clarified wording:
(a) The activation/deactivation of SP SRS or triggering of AP SRS is originated by LMF with a message from LMF to gNB and the SP SRS is activated/deactivated MAC CE or AP SRS is triggered by DCI	Comment by RAN2-109e: Intel: The question is not that clear. Anyway, it is gNB to activate/deactivate the SP-SRS based on MAC CE. And the gNB should only trigger the SP-SRS when the LMF asks the gNB to provide the SRS configuration. 
SO the question should be whether besides the request on SRS configuration, the LMF should send explicit/separate activation/deactivation NRPPa message to trigger the gNB to activate/deactivate the SP-SRS.	Comment by YinghaoGuo: Please see the revised descriptions for the options. I guess the added Option c is actually option a	Comment by Nokia: I made a few editorial changes to (a) and (b). Intent was to clarify that activation/deactivation terminology is used for SP SRS and trigger terminology is used for AP SRS.
(b) The activation/deactivation  of SP SRS or triggering of AP SRS is originated by gNB and SP/AP SRS is activated/deactivated by gNB with MAC CE or triggered by gNB with DCI respectively
Companies are encouraged to update their views on the following question
Q2: Whether the activation/deactivation of SP SRS or triggering of AP SRS should be originated by LMF (Option a) or gNB (Option b)?
	Company 
	Triggering entity gNB/ LMF
	Comments

	Ericsson
	Depends upon use case
	If the trigger is based upon the measurement report from UE and if LMF further wants do change; then LMF sh--ould trigger. This should be however decided by RAN3 as it has NRPPa impacts
If the use case is based upon SSB configuration updates etc; then this is informed as part of Xn update procedure in legacy and thus gNB may trigger.	Comment by YinghaoGuo: Not clear why SSB configuration update would trigger SP SRS/AP SRS	Comment by Ericsson: This is more in terms of if spatial relation also needs to be updated as part of semi-persistent or aperiodic trigger. It will not be possible for LMF to know if there is any beam related information update as LMF does not poll or there is no procedure like Xn Update.
Further, if gNB has any updates from the UE regarding RRM related measurements (beam sweep), then gNB may trigger.

	Qualcomm
	LMF
	Given the LCS architecture, the trigger can only come from an LMF. As specified in TS 23.273, the LMF manages the overall coordination and scheduling of resources required for the location of a target UE. The gNB has no "location context" for the target UE; only an LMF (which manages the location measurement requests for the TRPs) can decide when the UL transmission from a target UE is needed. We also cannot see the difference to periodic SRS transmission for positioning. Also for periodic SRS, the LMF initiates the procedure and requests the periodic SRS from the serving gNB of a target device.

	Nokia
	LMF
	SRS for positioning is needed to do UL measurements for positioning a target UE and since the positioning method is decided by LMF, the LMF originated message that is sent to serving gNB results in the decision to activate/deactivate SP SRS or trigger AP SRS by serving gNB.

	Huawei
	Final decision by gNB, while LMF may recommend.
	It should be noted that the final decision should still be gNB.
For example
· LMF sends the request in POSITIONING INFORMATION REQUEST (as normal SRS configuration request) to indicate
· The number of transmission to be 1 as implicit recommendation of using AP SRS, and may also recommend a rough time [ms] for the gNB to activate the SRS, or
· The spatial relation/pathloss subject to “dynamically changing” as an implicit recommendation of using SP SRS, and may also recommend a rough time [ms] for the gNB to activate the SRS
· gNB provides the configuration of SRS in POSITIONING INFORMATION RESPONSE to LMF
· LMF forwards the SRS configuration, or even include a measurement start time to the neighbouring gNB and the serving gNB, in case serving gNB is also tasked to perform the measurement
gNB configures the SRS and activates the SRS.

	CATT
	LMF
	The activation/deactivation can be triggered by LMF considering that LMF can collect all the related information from serving and neighbouring gNBs.

	Intel
	CgNB  	Comment by YinghaoGuo: For the described Option c, LMF triggers the activation/deactivation. SO it should be LMF	Comment by Intel: No, it is different. Some companies support “a” assume there is additional activation command from LMF on top of the request of SRS command; But I assume we do not need additional activation command. So more like option b since I assume anyway the gNB will only configure positioning SRS when receiving command from the LMF. 

It would be good to clarify whether there will be two messages from LMF or only one..
	Intel: The question is not that clear. Anyway, it is gNB to activate/deactivate the SP-SRS based on MAC CE. And the gNB should only trigger the SP-SRS when the LMF asks the gNB to provide the SRS configuration. 
SO the question should be whether besides the request on SRS configuration, the LMF should send explicit/separate activation/deactivation NRPPa message to trigger the gNB to activate/deactivate the SP-SRS.
We do not see the strong need to have additional explicit activation/deactivation NRPPa message from the LMF to the gNB since the gNB can activate the SRS when receiving the request from the LMF, and deactivate the SRS when the positioning is done. 


	vivo
	gNB
	Reuse the rule of Rel-15.
In the agreement of RAN1#98bis meeting, it can be seen that the aperiodic SRS for positioning is triggered by a DCI. It is well known that DCI can only be triggered by the gNB. So we think the activation/deactivation should be triggered by the gNB.
Agreement:
· SRS for positioning supports semi persistent configuration with MAC CE activation/deactivation, with SRS for positioning to be received at the serving cell and neighbor cell
· The aperiodic SRS for positioning is triggered by a DCI
· There is no impact to Rel-15 DCI (reuse the triggers in place in rel-15)
The support of the reception of aperiodic SRS for positioning by the neighbor cell, is up to decision by RAN2 and RAN3 working groups

	ZTE
	gNB	Comment by YinghaoGuo: Should be LMF based on the description

	Agree with Huawei and Vivo, the LMF still recommend and gNB make the final decision. It is the gNB and only the gNB who know the number of active UE within the cell and the available resource, blind trigger from LMF is meaningless.

	OPPO
	gNB
	Due to the potential long NRPPa signaling delay, we think this can be avoided in the way that the non-periodic SRS is triggered by gNB.



Summary: within the 9 companies provided the feedback, 6 companies think it should be triggered by LMF; one company thinks sometimes by gNB via Xn and sometimes by LMF; one think should be triggered by gNB to avoid delay. 
Proposal3: The Activation/Deactivation of the SP SRS and triggering of AP SRS is recommended by LMF to gNB; and the activation/deactivation MAC CE or triggering DCI are sent by gNB to UE. 

Discussion#3: NRPPa message for SRS triggering
For the NRPPa message for supporting the recommendation from LMF, there can be two options:
· Option 1: Design a new NRPPa message for the command,  as in [R2-2001214]
· Option 2: Reuse the existing NRPPa message POSITIONING INFORMATION REQUEST. 
The description of the new message in Option1, excerpted from R2-2001214, is attached below for reference. 
	SRS-for-positioning Activation/Deactivation Request
The purpose of this procedure is to enable the LMF to request activation and deactivation of semi-persistent and aperiodic SRS-for-positioning transmission from the serving gNB of the target UE. The NRPPa procedures are UE-associated.


Figure x: UL-PRS Activation/Deactivation Procedure.
(1)	The LMF sends a NRPPa message to the serving gNB of the target UE to request SRS-for-positioning activation or deactivation for the target UE. The message includes an indication of an SRS-for-positioning resource set to be activated or deactivated. For a semi-persistent SRS-for-positioning, the message includes in addition information that indicates the spatial relation for the semi-persistent SRS-for-positioning resource to be activated or deactivated.
(2) For aperiodic SRS-for-positioning, the serving gNB may then trigger the transmission of the SRS-for-positioning resource set using the aperiodic SRS-Resource Trigger provided at step 1 in the physical layer downlink control information (DCI).
For semi-persistent SRS-for-positioning, the serving gNB may then activate or deactivate the configured semi-persistent SRS-for-positioning resource sets by sending the SP SRS Activation/Deactivation MAC CE command. 
If the SRS-for-positioning has been successfully activated or deactivated as requested in step 1, the gNB sends a NRPPa response message to the LMF. If the serving gNB is not able to fulfil the request from step1, it returns a failure message indicating the cause of the failure.


Companies are encouraged to provide inputs on how the activation/deactivation should be supported
Q3: Whether a new message is designed for the SP SRS activation/deactivation and AP SRS triggering or to reuse the existing NRPPa message?
	Company
	Option1/2
	Comments

	Ericsson
	2
	Using Option 2 will be an advantage as LMF may from very start inform to gNB that AP or Semi-persistent SRS configuration may be desired. At a later instance, it may just inform the gNB the timing aspect as when AP is to be activated. The existing NRPPa procedure can be updated to provide the signaling needed to activate AP SRS configuration.
This is however RAN3 discussion. The should be discussed and decided by RAN3.


	Intel
	
	Regarding message name, new message or not for NRPPa, this should be discussed in RAN3 instead of RAN2. 

	Huawei/HiSilicon
	2
	RAN2 agree to the general procedure in stage 2 and inform RAN3 to implement them. RAN3 is already fully loaded, and a lot of fields in NRPPa are marked with FFS / pending RAN2, which  we think it should not leave this entirely to RAN3.
In this particular case, we think that the existing POSITIONING INFORMATION REQUEST will serve the following functionalities.
· Request initial SRS configuration
· Update the SRS timing
An LS to RAN3 will be good.

	CATT
	2
	Discussion#3 on how to design NRPPa message is out of RAN2 scope. RAN2 can send LS to RAN3 to inform that SP SRS activation/deactivation or AP SRS triggering is required via NRPPa message.

	Nokia
	-
	Agree with Intel and CATT that NRPPa signaling details should be discussed in RAN3. RAN2 can just decide on whether to support AP SRS in Rel-16 and inform this decision to RAN3.

	Qualcomm
	
	Agree with Huawei that the purpose and content of the message/procedure would need to be decided by RAN2. The purpose and content of the message would be closely related to the MAC CE and trigger commands (and also to the SRS config in RRC), which is RAN2’s responsibility. Stage 2 would need to describe the procedure and the required information to be transferred between LMF and gNB (e.g., spatial relations, etc.). 
The Stage 3 design (e.g., Option 1 or 2)  can be left to RAN3 once the Stage 2 requirements are decided by RAN2. 

	OPPO
	
	The NRPPa message design should be discussed in RAN 3 since it is RAN3 scope.  And RAN2 can focus on discussing whether to support AP SRS.



Based on the comments above, 3 companies prefer option2 while the other 3 companies think this should be discussed in RAN3 and one company think stage2 should be captured in RAN2 while the stage3 can be left to RAN3 decision. 
Proposal4: Leave the design of NRPPa message for SRS triggering to RAN3 while capture the purpose and the content of the message in RAN2.
2.3 Any Other comments
Companies are encouraged to provide comments any other comments for non-periodic SRS that are not covered with the above discussions.
	Company
	Comments

	Ericsson
	In general, to support SRS Configuration (Periodic, SP, AP): LMF should also provide some quality metric for SRS such as (1 to 5) or low, medium, high etc. This may provide some guidance to gNB on the number of resource set and resources to be activated.
For example:
	SRS-Q
	Resource Set (RS)
	Resource per RS

	1
	1 to 4
	1 to 4

	2
	4 to 8
	4 to 8

	3
	8 to 16
	8 to 16

	4
	8 to 16
	16 to 32

	5
	16
	32 to 64




	Ericsson
	On spatial relation updates with respect to DL-PRS, if there is any update on the neighbor beam configuration, it may not be communicated to LMF (dynamic information exchange is expensive and takes longer signaling duration). However, as part of Xn update it may be easily updated, similar to SSB/CSI-RS configuration updates are exchanged over Xn.
Thus, this should be optionally supported where Xn is available. It should be also discussed in RAN3.



3	Conclusions
Proposal1: RAN2 should discuss whether aperiodic SRS is supported for R16 positioning.
Proposal2: RAN2 should discuss how aperiodic SRS should be supported if it is agreed to be supported. 
Proposal3: The Activation/Deactivation of the SP SRS and triggering of AP SRS is recommended by LMF to gNB; and the activation/deactivation MAC CE or triggering DCI are sent by gNB to UE. 
Proposal4: Leave the design of NRPPa message for SRS triggering to RAN3 while capture the purpose and the content of the message in RAN2. An LS should be sent to RAN3 for this.
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