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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This is the summary of the contributions submitted in agenda 8.11.2 Enhancements for commercial use cases. 
The intention is to identify design alternatives, collect company views and, whenever possible, also narrow down the proposals. This summary includes:
· 	List of agreeable proposals (if any)
· 	List of proposals that require online discussions

The contribution proposals have been categorized in the following main categories:
· Latency analysis and related optimizations (proceeding from the email discussion summary)
· Positioning in Idle/Inactive
· On-demand PRS
· Other topics
The remainder of this document is organized as the following. In Section 2, 3, 4 and 5, we provide discussions based on company contributions according to the categories above. In Section 6 the discussions are summarized with list of proposals.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12] Latency analysis and related optimisations
1.1 The method of latency reduction
a) Support for location server functionality in the RAN
The functionality of Support for Location Server functionality in the RAN is mentioned in some contributions, and according to the analysis of R2-2010096: 
Observation 1: Location Server functionality in the RAN (e.g., LMC) could reduce the positioning procedure latency significantly. With the given assumptions, the improvements can be:
-	for UL+DL methods: 40% - 55%;
-	for UL-only methods: 50% - 61%;
-	for DL-only methods: 23% - 41%.
Additionally, in R2-2009023, it is also proposed to reduce the number of Hops between gNB, AMF and LMF as far as possible, so as to achieve the positioning requirement of greatly reducing end-to-end delay.
Below are the proposals from the two companies: 
R2-2010096 Proposal 2: Specify support for location server functionality in the RAN (referred to as "Location Server Surrogate" (LSS)). The LSS should support at least the following functions:
-	Processing of LCS Event Reports;
-	cordinating UE and TRP measurement reports;
-	performing position calculation (in case of UE-assisted mode);
-	reporting UE location estimates to (external) clients.
R2-2009023 Proposal: To reduce the latency, following enhancement directions are considered in WI phase:
· Reduce the number of hops between gNB, AMF and LMF, e.g. Local NR positioning in NG-RAN (To reduce the latency caused by the transmission/processing from AMF/LMF, i.e. only gNB is shown in the positioning);
Proposal 1 RAN2 to firstly discuss whether to support for location server functionality in the RAN to achieve the positioning requirement of greatly reducing end-to-end delay.
Proposal 1-1 RAN2 to further consider which functions should be supported for “LSS” in R17.


b) Skip the capability procedure
Based on R2-2009023, LPP capability exchange  is about 33-88.5 ms. In R2-2008810, it is stated that Positioning capabilities of UE may be reported to AMF directly before there is a location request, instead of to LMF via LPP session, in order to reduce the positioning latency. This solution also works for the positioning in Idle/Inactive mode. AMF can store these capabilities before UE steps into RRC_CONNECTED mode. 
Additionally, in R2-2010072, it is stated that Time to First Fix should be considered for positioning latency studies: 
[bookmark: _Toc54331732]Observation 1: Time to first fix should be considered in latency studies and any improvements in this area can be studied. Considering TTFF in latency may relax the other core latency requirements for performing measurements and reporting to the location server for positioning computation.
Potential improvement during TTFF can be storage of UE positioning capabilities by AMF.
Below are the proposals from the three companies: 
R2-2008810 Proposal 7: Support the process that UE location capabilities report to AMF in idle/inactive directly without entering into RRC_CONNECTED mode in LPP session, in order to reduce the latency and support the positioning in Idle/Inactive mode.
[bookmark: _Toc54331743]R2-2010072 Proposal 2: RAN2 to consider solutions that would save latency during capability transfer and send an LS to SA2 to provide solution that minimizes latency in retrieving capability from UE to LMF via LPP.
R2-2009023 Proposal: To reduce the latency, following enhancement directions are considered in WI phase:
·         Skip the capability procedure (can reduce the latency caused by exchange of capability as above)
RAN2 to discuss solutions skipping the capability procedure to reduce the latency caused by report of capabilities.


c) SRS configuration and PRS configuration optimisation
According to R2-2009023, SRS configuration+activation (step 3-8) is 66- 133ms and  LPP assistance data is 28-44.5ms, if the latency  consumption of these two parts can be reduced, the total E2E latency can be further optimized.  
Additionally, in R2-2010096, Latencies for Deferred MT-LR Event Reporting is provided as below: 
Table 19: Latencies for Deferred MT-LR Event Reporting.
	
	End-to-End Latency [ms]

	
	LMF only
	LMF and LSS

	
	Baseline
	Configuration Signalling in Advance
	Configuration Signalling in Advance for DL-only Positioning
	Configuration Signalling in Advance and LSS
	Configuration Signalling in Advance and LSS for DL-only Positioning
	LSS with Positioning and Event Reporting in RRC_INACTIVE state

	UL+DL Positioning
	284-535.5
	164-320
	NA
	100-150
	NA
	61-98.5

	UL-only Positioning
	221-448
	139-287.5
	NA
	76-120.5
	NA
	55-91

	DL-only Positioning
	218-402.5
	124-229.5
	72-135.5
	92-137.5
	54-89.5
	53-86.5



The following are the proposals from the two companies: 
R2-2009023 Proposal: To reduce the latency, following enhancement directions are considered in WI phase:
· Pre-configuration and minimization of DL/UL transactions (can reduce the latency caused by SRS/PRS configuration)
·          DL PRS assistance information can be pre-configured to UE. Multiple DL PRS configurations can be associated with DL PRS configuration ID and activated when necessary
·          SRS for positioning configuration information can be pre-configured to UE. Multiple configurations of SRS for positioning can be associated with SRS for positioning configuration ID and activated when necessary
R2-2010096 Proposal 1: Specify signalling and procedures to support positioning configuration signalling in advance.
RAN2 to discuss whether to support of SRS pre-configuration and PRS pre-configuration to reduce the latency caused by SRS/PRS configuration.

d) The parallel handling of positioning related messages
Based on R2-2009577, for UL-TDOA/UL-AOA positioning method, some NRPPa message and NRPPa message can be merged into one message, such that the total end to end latency can be further reduced. The optimisation is considered as the parallel handling of positioning related messages. 
Additionally, In R2-2008886, it is stated that the certain steps may be performed in parallel for UL&DL positioning method to further reduce the E2E latency.
The following are the proposals from the two companies: 
R2-2009577 Proposal 6: The enhanced UL-TDOA/UL-AOA positioning procedures can be considered for low latency UL positioning, including:
· NRPPa positioning information request and NRPPa measurement request are merged into one message;
· NRPPa positioning information response and NRPPa measurement response are merged into one message;
· gNB can immediately active aperiodic or semi-persistent SRS without SRS activation request from LMF and it implies LMF don’t need to send SRS activation request
R2-2008886 Proposal 3: For UL&DL-based positioning methods, RAN2 to study potential enhancements related to provisioning of PRS and SRSp, coordinated triggering of SRSp transmission and PRS reception, and measurement report transmission/forwarding
The parallel handling of some positioning related messages is more about implementation. The latency related with the parallel messages may be ignored in the latency evaluation.

e) Measurement gaps (MG) optimizations
Based on R2-2009023, Measurement Gap is about 18-22ms.  As per the Rel-16 procedure for DL positioning the UE sends a request in RRC signaling to configure a measurement gap upon receiving the LPP location information request. The configuration of measurement gap results in additional latency due to the transmission and reception of RRC signaling. According to R2-2008886
Observation 5: The procedure and signaling related to configuration of measurement gap causes significant latency
Additionally, In R2-2009023, it is also stated that Measurement gaps (MG) optimizations should be considered.
The following are the proposals from the two companies: 
R2-2008886 Proposal 5:  RAN2 to study how to avoid or minimize the latency due to measurement gap configuration
R2-2008886 Proposal 6:  RAN2 should study mechanisms to support fast activation of measurement gap configuration
R2-2009023 Proposal: To reduce the latency, following enhancement directions are considered in WI phase:
· Measurement gaps (MG) optimizations (can reduce the latency caused by measurement gap request procedure)
·       MG-less operation - UE may operate w/o measurement gaps to process DL PRS
·       Support of semi-persistent a-periodic MGs, their pre-configuration and association with MG configuration ID
RAN2 to discuss how to support of Measurement gaps (MG) optimizations to reduce the latency caused by measurement gap request procedure.

f) Enhancements for prioritized transmission of PRS/SRS
According to R2-2008886,  in Rel-16, both PRS and SRSp are assigned with low priorities. As a result, PRS is not received or SRSp is not transmitted/dropped when either transmission of data in DL/UL or other reference signals are scheduled. In Rel-17, it can be envisioned that supporting prioritized positioning based on the assignment and indication of higher priority for the reception/transmission of PRS/SRSp may enable satisfying the low latency positioning requirements.
The following is proposal from R2-2008886: 
Proposal 4:  RAN2 should study mechanisms for supporting prioritization of PRS and/or SRSp with respect to data and other reference signals for reducing positioning latency
Support prioritized transmission of PRS/SRS may be discussed later until there is output from RAN1.
RAN2 to wait for the input from RAN1 on the enhancements for prioritized transmission of PRS/SRS.

g) Measure report optimization
According to R2-2009897, it is proposed to introduce a positioning measurement report, with configured grant (CG) mechanism. The gNB can allocate resources for the UE that has been requested to perform positioning procedure. The configured grant resources are used by the UE to transmit the positioning measurement results. Note: configured grant mechanism has been part of the NR URLLC. Hence, the specification impact can be kept the minimum.
Additionally, in R2-2009039, it is also stated that Grant Free UL Transmission enables reduce UL transmission delays and achieve URLLC Reliability targets.
The following Proposals are from the three companies:
R2-2009039 Proposal 3: Aperiodic positioning measurement report can be considered in Rel-17.
R2-2009039 Proposal 5: Grant-free UL transmission can be used to adapt the PRS period and positioning specific configured grant should be introduced in Rel-17.
R2-2009897 Proposal 8: Positioning latency reduction is facilitated by RAN2 in the context of RAN procedures/protocol on LPP signalling, RRC signalling, and MAC layer.
R2-2008886 Proposal 3: RAN2 to study potential enhancements related to measurement report transmission for DL-based ,UL UE-based approaches, UL&DL-based positioning methods.
The proposed solutions are discussed in RAN1 as well. So the proposals should be aligned with the output of RAN1.
RAN2 to discuss whether to support of Measure report optimisation to reduce the latency caused by measurement report procedure aligned with RAN1 agreement.


1.2 The proposed principles of latency analysis
As per R2-2010276, involvement of GMLC, UDM, and client/NEF/AF is suggested as precluded, but based on the summary of   R2-2009001, “Proposal 2: For latency analysis of Rel.16 solutions, RAN2 only consider the latency caused by UE, gNB, AMF and LMF”. So the principle has been agreed. 
Besides, the other principles need to be further discussed in RAN2.
R2-2010276 Proposal 14: Adopt the following principle in the latency evaluation
Do not include GMLC, UDM, client/NEF/AF
Include UE measurement as a placeholder taking value 0 for DL E-CID positioning
Refine the components for DL-only/multi-RTT taking into account the RAN1’s work
Simplify multi-RTT latency by merging multi-RTT with DL-only UE-assisted positioning
RAN2 to discuss which principles above can be agreed for the latency evaluation.
· Include UE measurement as a placeholder taking value 0 for DL E-CID positioning
· Refine the components for DL-only/multi-RTT taking into account the RAN1’s work
· Simplify multi-RTT latency by merging multi-RTT with DL-only UE-assisted positioning


Positioning in Idle/Inactive
Most companies believe positioning in Idle/Inactive can reduce latency and UE power consumption. In the following, we summarize companies’ further considerations on positioning in Idle/Inactive.
DL related procedure
Performing DL PRS measurement in idle/inactive
First, we would like to discuss whether to support perform DL PRS measurement in idle/inactive state. Proposals on this topic from contributions are below:
	R2-2008885 Proposal 2:  For DL-based and UL&DL based positioning, RAN2 should study the mechanisms for the UE to receive the PRS configuration and the triggers to initiate PRS measurement when in RRC idle/inactive mode
R2-2009002 Proposal 3: In Rel-17, only consider INACTIVE UE in the discussion on how to support UE based positioning without state transition.
R2-2009002 Proposal 4: To support UE based positioning without state transition, the INACTIVE UE should be able to:
-	Receive the DL request from the LMF;
-	Obtain the assistance data via broadcast signalling;
-	Measure PRS and calculate the location;
-	Transmit the location back to the LMF;
R2-2010072 Proposal 8: RAN2 to wait for RAN1 to decide the idle mode DL-PRS measurements.
R2-2010276 Proposal 3: Support DL-PRS measurement in IDLE/INACTIVE


As mentioned in R2-2010276, in R16 PRS measurement is only defined for RRC_CONNECTED in 38.215. However, even for R16 positioning, the PRS configuration is un-related to the RRC state of the UE since it is configured by the LPP application layer. Hence, we want to confirm:
Support DL-PRS measurement in IDLE/INACTIVE in R17.

Reporting DL PRS measurement results or location info
Proposals on this topic from contributions are below:
	R2-2008776   Proposal 4: RAN2 study how to report DL-PRS measurement result to LMF in RRC idle/inactive mode.
R2-2008810   Proposal 3: Support the process that UEs in idle/inactive send positioning results to the network directly without entering into RRC_CONNECTED mode.
R2-2008885   Proposal 4: For DL-based and UL&DL based positioning, RAN2 to study the mechanisms for sending measurement reports when the UE is in RRC idle/inactive mode
R2-2009002   Proposal 3: In Rel-17, only consider INACTIVE UE in the discussion on how to support UE based positioning without state transition.
R2-2009002   Proposal 4: To support UE based positioning without state transition, the INACTIVE UE should be able to:
-	Receive the DL request from the LMF;
-	Obtain the assistance data via broadcast signalling;
-	Measure PRS and calculate the location;
-	Transmit the location back to the LMF;
R2-2009041   Proposal 6: Positioning report in RRC Inactive state via SDT should also be considered, which can follow the progress of SDT WI.
R2-2009577 Proposal 5: The positioning measurement results could be reported to network during idle/inactive UE performing RACH procedure.
R2-2010072   Observation 3: There may be benefit in terms of latency by defining DL-PRS measurements in idle mode. RAN1 should define such measurements and RAN2 should further study and consult with SA2 on measurement reporting from UE for the measurements performed in Idle mode.
Observation 4: Efficient Positioning measurement reporting from idle/inactive and triggering of idle/inactive to connected mode based on positioning measurement config events would need to be explored further.
R2-2010095    Proposal 5: Positioning in RRC inactive state should be supported in Rel-17 by exploiting the SDT feature;  including support for DL-, UL-, and UL+DL positioning methods.
R2-2010276   Proposal 4: Small data transmission should support the DL-PRS measurement reporting in INACTIVE state for INACIVE DL positioning.
Proposal 5: DL-PRS measurement reporting should be supported in CONNECTED for IDLE/INACTIVE positioning


It seems there is a common understanding that DL-PRS measurement reporting can be studied and optimized in inactive state in R17. Some companies think we can follow the progress of R17 SDT WI. Note: R17 SDT WI is used for small data transmission in inactive state, not used for NAS signalling transmission.
DL-PRS measurement reporting can be studied and optimized in inactive state in R17.
RAN2 to discuss whether we can follow the progress of R17 SDT WI for DL-PRS measurement reporting optimization.
Some companies also want to support DL-PRS measurement reporting optimization in idle state in R17. But some companies don’t support as they think SDT feature is only for inactive state.
RAN2 to discuss whether to support DL-PRS measurement reporting optimization in idle state in R17.

DL PRS configuration
Proposals on this topic from contributions are below:
	R2-2008885 Proposal 2: For DL-based and UL&DL based positioning, RAN2 should study the mechanisms for the UE to receive the PRS configuration and the triggers to initiate PRS measurement when in RRC idle/inactive mode
R2-2009002 Proposal 7:  How to enable the reception of DL signalling and the transmission of SRS/UL signalling over SDT in INACTIVE can be discussed under Rel-17 SDT WI.
R2-2009577 Proposal 2: The positioning assistance data for idle or inactive state UE could be pre-configured when UE is in connected state.
R2-2009577 Proposal 3: The Positioning SIB could provide the assistance data for idle or inactive UE.
R2-2010276 Proposal 2: DL-PRS configuration delivery to the UE should be supported for INACTIVE positioning.


How to configure DL PRS configuration is a WI topic. We prefer to keep it FFS and discuss further in WI. No proposal for the topic.


UL related procedure
UL PRS transmission in idle/inactive
First, we would like to discuss whether to support perform UL PRS transmission in idle/inactive state. Proposals on this topic from contributions are below:
	R2-2008776 Proposal 3: RAN2 study how to guarantee SRS transmission in RRC idle/inactive mode with the following perspectives: 1) how to configure SRS for positioning in RRC idle/inactive mode; 2) how to maintain timing synchronization with network in idle/inactive mode.
R2-2008810 Proposal 2: Support to send UL SRS signals in idle/inactive mode in R17.
R2-2008885 Proposal 3: For UL-based and UL&DL based positioning, RAN2 should study how to support timing alignment maintenance and adjustment when the UE is in RRC idle/inactive mode
R2-2009002 Proposal 5: In Rel-17, only consider INACTIVE UE in the discussion on how to support UE assisted positioning without state transition.
R2-2009002 Proposal 6: To support UE assisted positioning without state transition, the INACTIVE UE should be able to:
-	Transfer SRS;
-	Measure PRS;
-	Receive DL signalling;
-	Transmit UL signalling;
R2-2010072 Proposal 9: UL-SRS transmission is not considered when UE is in idle/inactive mode.
R2-2010095 Proposal 5: Positioning in RRC inactive state should be supported in Rel-17 by exploiting the SDT feature;  including support for DL-, UL-, and UL+DL positioning methods.
R2-2010276 Proposal 6: Rel-17 should support SRS transmission in IDLE/INACTIVE state.
Proposal 9: The following issues needs to be studied in the WI with respect to SRS transmission in INACTIVE state
•	DL synchronization
•	TA maintenance
•	Cell reselection
•	Triggering of AP-SRS


It seems some companies support SRS transmission in idle/inactive state while some companies have some concern on the enhancements. We propose:
RAN2 to discuss to support SRS transmission in idle/inactive state in R17.

UL PRS configuration
Proposals on this topic from contributions are below:
	R2-2008885 Proposal 1: For UL-based and UL&DL based positioning, RAN2 should study the procedure for the UE to receive the configuration for SRSp and the triggers to initiate SRSp transmission when in RRC idle/inactive mode
R2-2009002 Proposal 5: In Rel-17, only consider INACTIVE UE in the discussion on how to support UE assisted positioning without state transition.
R2-2009577 Proposal 4: The positioning SRS for idle/inactive UE could be pre-configured when the UE is in connected mode and the UE could transmit the positioning SRS based on the pre-configured SRS if the UE receives the network request.
R2-2010276 Proposal 7: UE to report capability of sending SRS in IDLE/INACTIVE state.
Proposal 8: Include the SRS configurations in RRC Release message to enable UE to send SRS in IDLE/INACTIVE state.


How to configure UL PRS configuration is a WI topic. We prefer to keep it FFS and discuss further in WI. No proposal for the topic.

LCS request for MO-LR and MT-LR
At first, we summarize company views on LCS request for MO-LR and MT-LR in Idle/Inactive. Proposals on this topic from contributions are below:
	R2-2009577 Proposal 1: The paging message could be used for initiate the positioning request for idle/inactive UE.
R2-2010276 Proposal 1: For MO-LR, small data transmission in RRC_INACTIVE should support dedicated NAS message transmission in order to support LCS request.
R2-2010472 Proposal 3: For the location service triggered by UE in IDLE/INACTIVE, the DL only based positioning and UE based positioning can be used with assistant information broadcasted in system information.
Proposal 4: For the NW triggered location request for the UE in IDLE/INACTIVE, the UE shall be paged and switched to CONNECTED mode first.


Few companies give their views on the topic. For optimization on MO-LR, the mechanism for reporting DL PRS measurement results can be reused from RAN2 point of view. Currently small data transmission in RRC_INACTIVE doesn’t support transferring signalling. 
Hence, we propose to consider the optimization further if we support optimization on reporting DL PRS measurement results. For optimization for MT-LR, we propose:
RAN2 to discuss whether to enhance paging for MT-LR.


On-demand PRS
In section 4.1-4.4, these proposals will be discussed in a few aspects. As per the scope, proposals from company contribution [1-xx] are listed.
Positioning methods for on-demand PRS
A first aspect in contributions is which positioning methods support the on-demand PRS in Rel-17. 
Proposals from contributions:
R2-2008887  Proposal 1: RAN2 supports on-demand PRS for flexibly configuring PRS for DL-based methods and UL&DL-based methods (e.g. multi-RTT)
R2-2010097    Observation 3:	Procedures for UE-triggered on-demand DL-PRS are required to support UE-based positioning for UEs caused by a request from an internal UE client.
R2-2010097  Observation 4:	Procedures for UE-triggered on-demand DL- and UL-PRS are required to support UE-based Multi-RTT positioning for UEs caused by a request from an internal UE client.
There are explicit proposals/observations that DL-based, UL&DL-based methods, and UE-Based positioning methods support on-demand PRS. While Observation 4 in R2-2010097 mentioned that UE-Based Multi-RTT positioning should support as well. It can be discussed later until there is output on supporting UE-based Multi-RTT positioning in RAN1. Therefore, the following should be agreeable based on the summarized contributions. 
[bookmark: Proposal1]RAN2 study on-demand PRS mechanism for DL-based, UL&DL-based methods (e.g. multi-RTT), and UE-Based positioning methods in this SI. ‎FFS support UE-based Multi-RTT positioning in Rel-17 aligned with RAN1.

On-demand PRS procedure
The discussions on on-demand PRS are on different detailed level regarding how the on-demand PRS procedure should work in NR. The procedure can be discussed as below aspects one by one:
· Who demands PRS
· When demands PRS
· How demands PRS
· Who respond the request  
· How respond the request
Demands PRS procedure
a) Who demands PRS
Most of the contributions discussed who trigger the on-demand PRS at first. There are three options who can demand the PRS according to the contributions.
Proposals on this topic from contributions are below:
R2-2008775   Proposal 2: RAN2 study on-demand PRS request including assistance information based on the demand of UE.
R2-2008810    Proposal 6: Support LMF to trigger on-demand PRS request to the gNB.
R2-2009040     Proposal 1: UE initiate on-demand PRS request and network response can be sent by RRC signals. 
R2-2009040     Proposal 4 LMF initiate on-demand PRS can be decided by LMF.
R2-2009574    Proposal 1: LMF need to indicate the PRS resource type (periodic, aperiodic and semi-persistent) when the LMF requires the PRS configuration from gNB and to send activation request to gNB to activate aperiodic and semi-persistent PRS transmission
R2-2009574  Proposal 2: Both UE and LMF can send on-demand PRS request to gNB and the gNB could provide the PRS configuration to UE by Uu interface such as RRC message.
R2-2010095  Proposal:  Server (e.g., LMF, LSS) and UE triggered on-demand DL-PRS and UL-PRS (SRS) should be supported in Rel-17.
R2-2010276  Proposal 10: UE recommends PRS configuration to LMF by enhancing ProvideCapabilities and RequestAssistanceData in LPP and LMF sends on-demand PRS request to LMF. rapporteur note: the last LMF looks typo, may be gNB。
R2-2010276  Proposal 13: LMF makes the suggestion on PRS transmission based on the RRM measurements collected from the UE or NG-RAN. 
R2-2010473  Proposal 2: For the UE in CONNECTED mode, the on demand SI shall be performed through LPP signaling. And the transmission of PRS shall be configured by LMF through NRPPa message.
There seems to be some commonality from the view point that both UE may trigger on-demand PRS to LMF, and LMF may trigger the on-demand PRS to gNB according to the contributions as below. 
However if UE trigger the on-demand PRS to gNB is still FFS since there are different opinions on it.

b) When demands PRS
Few contributions discussed when to trigger the on-demand PRS. 
R2-2008887  Proposal 2: The timing of sending on-demand PRS in the UL&DL positioning method (e.g. multi-RTT) should be studied
R2-2009040    Proposal 5: UE needs to enter connection mode for on-demand PRS and on-demand PRS-request can be sent by RACH procedure.
R2-2010473    Proposal 1: On demand PRS should be supported when UE is in RRC_CONNECTED, RRC_INACTIVE, and RRC_IDLE.
R2-2010473    Proposal 3: For the UE in IDLE/INACTIVE mode, the Msg1 and Msg3 based on demand SI will be considered as baseline. And it is FFS whether UE in IDLE/INACTIVE is allowed to request a subset of PRS.
From the discussions, we can assume that the on-demand SI in Rel-16 is not in the scope of this discussion. The on-demand PRS request is from UE to LMF in Rel-17 SI stage. The timing of sending on-demand in Multi-RTT may be studied later.


c) How demands PRS
Some contributions discussed how to demand the PRS from UE perspective. The procedure is related with when and to whom requested by UE as discussed before. UE send the Assistant data request to LMF via LPP in Rel-16.
Different proposals on how to send the request to LMF or gNB are shown as below.
R2-2008775   Proposal 1: RAN2 study the signalling and procedure to support on-demand PRS in R17.
R2-2009040   Proposal 1: UE initiate on-demand PRS request and network response can be sent by RRC signals. 
R2-2009040   Proposal 2: UE initiate on-demand PRS request and network response can be sent by LPP.
R2-2010072   Proposal 1: RAN2 to agree that on demand PRS request based upon PRACH request is not supported. 
R2-2010097  Observation 7:	The specification impacts to support UE-triggered on-demand transmission of DL-PRS are rather small, and restriced to additional parameter in the LPP Request Assistance Data messages, which can be carried in a Rel-16 MO-LR Request. 
We may use the Rel-16 request assistant data from UE to LMF as the baseline. Therefore, it is possible to further discuss if the on-demand PRS request via RRC signals, and if request based upon PRACH request is not supported.

In on-demand PRS procedure, UE may trigger the on-demand PRS request to LMF via LPP in RRC_CONNECTED mode. LMF also may trigger the on-demand PRS to gNB. 
Proposal 15-1 FFS UE triggers the on-demand PRS request to gNB. 


[bookmark: _GoBack]Responds on-demand request
Many contributions discussed who responds the on-demand request. 
Different proposals on how to send the request to LMF or gNB are shown as below:
R2-2008810   Proposal 5: gNB decides DL-PRS resource configuration in on-demand PRS mechanism.
R2-2009040    Proposal 3: Both LMF decides on-demand PRS and gNB decide on-demand PRS should be supported for different use cases. Whether Xn signals are needed is left for RAN3 discussion.
R2-2009574   Proposal 2: Both UE and LMF can send on-demand PRS request to gNB and the gNB could provide the PRS configuration to UE by Uu interface such as RRC message.
R2-2010097     Observation 5: UE triggered on-demand DL-PRS can be aggregated over multiples UEs over a period of time before an LMF decides to increase DL-PRS.
R2-2010161  Observation 7: The dynamic allocation of PRS resources can be carried out either at LMF or at gNB. LMF-controlled dynamic PRS allocation is a centralized approach which facilitates the resource allocation of neighbouring transmission points, whereas gNB-controlled dynamic PRS allocation is more adaptive to changes to beam configurations and reduces the signalling to the core network. 
R2-2010161  Observation 2: Both notions of on-demand PRS and dynamic PRS are used for PRS resource optimization purposes, however there is a conceptual distinction. Dynamic PRS relates to the positioning requirements and results in optimal PRS resource allocation per area and instance; on-demand PRS dictates whether or not a beam conveys PRS, depending on whether there is a need for PRS transmission at a given direction.  
R2-2010161    Proposal 1:  For dynamic PRS resource allocation, enable a positioning-specific measurement configuration by the LMF, which facilitates the adaptation of PRS resources and therefore, an efficient use of such resources.
R2-2010161   Proposal 2: RAN2 to discuss the pros and cons of LMF-controlled and gNB-controlled dynamic PRS allocation and decide whether the LMF or the gNB shall be responsible for managing such dynamic PRS allocation.
R2-2010276  Proposal 11: NR supports at least 5GC semi-persistent PRS of which the transmission occasion is pre-configured as provided by the TRP, and the actual transmission can be switched on/off by the LMF.
R2-2009574 Proposal 3: The PRS configuration sets for on-demand PRS could be provided to UE and/or LMF.
According to the proposal in section 2.2.1, LMF may trigger the on-demand PRS to gNB. Therefore, it is possible to first agree on that gNB responds the on-demand request from LMF. 
Because FFS UE triggers the on-demand PRS request to gNB, FFS gNB provide the PRS configuration via Uu in section 2.2.1. Some proposal suggests that LMF-controlled and gNB-controlled dynamic PRS resource allocation should be studied.
When LMF trigger the on-demand PRS to gNB, gNB may decide/control the DL-PRS configuration. 
When UE trigger the on-demand PRS to LMF, RAN2 discuss later if gNB and/or LMF decide PRS allocation which should be aligned with RAN1. 


Support on-demand PRS functionalities
What can be on-demand 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Many contributions discussed what can be demanded by UE or LMF. The on-demand resources depend on the agreement from RAN1.
 It is possible to first agree on high level guidance for further studies as the following proposal. One motivation to first have such a guideline is to facilitate the discussions in the following sections, e.g., companies could then have a rough idea of the potential mechanism. 
R2-2008810 Proposal 4: Support on-demand PRS in order to increase DL-PRS resources or reduce DL-PRS resources.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]R2-2008887 Proposal 5: 	The mechanism to dynamically update the spatial relationship between SRS for positioning for UL&DL positioning methods (e.g. multi-RTT) and DL reference signals should be studied
R2-2009897  Proposal 2: On-demand PRS can be transmitted in relation with the legacy / periodic PRS transmission. Both on-demand and periodic PRS can be multiplexed in FDM and TDM. 
R2-2009897  Proposal 3: Support semi-persistent and a-periodic transmission and reception of DL PRS that can be used for DL-TDOA and Multi-RTT. 
R2-2009897  Proposal 4: On demand PRS (or SRS) can be triggered to meet the required positioning service level.
R2-2009897  Proposal 5: On-demand PRS functionality needs to be specified also in RAN2.
R2-2010072  Proposal 2: RAN2 to agree that on demand PRS config modify from UE is not supported. 
R2-2010072  Proposal 4: RAN2 to wait for RAN1 to identify use case and need for aperiodic PRS trigger for serving cell before making final decisions. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]R2-2010072  Proposal 5: Aperiodic PRS trigger for neighbor cell PRS config is not supported. 
R2-2010072  Proposal 6: Adopt Rel 16 multi-TRP configurations based on RRC configured RSs for positioning to reduce latency, especially for IIOT.  
R2-2010097    Observation 2:	Increased DL-PRS transmission can be restricted to only certain sets of DL-PRS configuration parameters to simplify the control and transmission of increased DL-PRS. In a simplest case, DL-PRS transmission might be turned off when not needed and turned on when needed according some default set of DL-PRS configuration parameters.
R2-2010161  Observation 5:  A mechanism should be in place that allows the deactivation of PRS transmissions in case there is no longer need for measuring such PRS resource. Equivalently, the mechanism should allow reactivating a PRS transmission if there is need to measure given PRS.
R2-2010161  Observation 6:  A mechanism should be in place that allows PRS radio resources to be dynamically adjusted depending on the temporary positioning needs. This mechanism should allow for a proper increase/decrease of PRS resources, as well as reporting the conducted measurements with the proper periodicity.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]R2-2010276  Proposal 11: NR supports at least 5GC semi-persistent PRS of which the transmission occasion is pre-configured as provided by the TRP, and the actual transmission can be switched on/off by the LMF.
It is possible to first agree the high level which should be aligned with RAN1:
RAN2 to discuss later support on-demand PRS increase DL-PRS resources or reduce DL-PRS resources from LMF/UE until output from RAN1.
How to support semi-persistent/aperiodic PRS may be discussed later until there is output from RAN1:
How to support semi-persistent/aperiodic PRS configuration and activation in gNB and LMF may be later to align with RAN1.

The procedure of on-demand PRS in NRPPa
Several contributions discussed the request to RAN3 to provide NRPPa procedures for some purpose.
RAN2 will discuss the motivation first and clarify the request at first.
R2-2010072  Proposal 3: RAN2 to request RAN3 to provide solution/signalling for reconfiguring PRS in NRPPa to reduce PRS overhead.
R2-2010097  Observation 6:	The specification impacts to support LMF-triggered on-demand transmission of DL-PRS are rather small, and restriced to the specification of additional NRPPa procedures. 
R2-2010276  Proposal 12: Define the NRPPa procedure to
•	Allow RAN to provide indication of the PRS types (being 5GC semi-persistent PRS) of the TRPs.
•	Allow the LMF to request PRS transmissions on/off. 
R2-2010473  Proposal 4: NRPPa signaling for the PRS reconfiguration(e.g. PRS transmission suspending/reception) shall be discussed in RAN3, and one LS shall be sent to RAN3 to trigger the discussion. 
The procedure of on-demand PRS in NRPPa may be discussed later:
FFS support reconfiguring PRS in on-demand PRS procedure via NRPPa aligned with RAN1.


Support on-demand SRS
Few contributions mentioned that on-demand SRS should be considered as well. According to agreement of #111-e meeting, on-demand SRS may be discussed later once there is clear agreement from RAN1.
R2-2008887 Proposal 3: RAN2 should study the benefits of on-demand SRS for positioning
R2-2008887 Proposal 4: RAN2 should study the benefits of on-demand SRS for positioning
R2-2008887 Proposal 5: The mechanism to dynamically update the spatial relationship between SRS for positioning for UL&DL positioning methods (e.g. multi-RTT) and DL reference signals should be studied
R2-2010097  Observation 8: The specification impacts to support UE-triggered on-demand transmission of DL- and UL-PRS are rather small, and restriced to additional parameter in the LPP Request Assistance Data messages, which can be carried in a Rel-16 MO-LR Request. 
On-demand SRS will be discussed later in RAN2 when there is clear output from RAN1.


 Others
Accuracy Enhancement
Some contributions discussed the aspects on enhancing positioning accuracy.
The proposals for accuracy enhancement as below depends on the agreement from RAN1 and RAN4.  
R2-2010277   Proposal 1: Support RTT measurement based on the serving gNB(s) for NR E-CID. 
R2-2010277   Proposal 2: Consider UL NR E-CID as a starting point for positioning measurement collection by NG-RAN.
R2-2010277   Proposal 3: To enhance the DL-AOD accuracy by either calculating the angle at NG-RAN or providing the detailed beam information to the LMF. 
R2-2010627   Proposal 1:  Multipath information like received power and angle of received path can be further studied for accuracy enhancement.
R2-2010627   Proposal 2: RAN2 study the usage of NLOS/LOS identification for the accuracy enhancement in Rel-17 positioning.
[bookmark: OLE_LINK17]R2-2010095   Proposal 1: UE-based Multi-RTT should be supported in Rel-17. 
R2-2009287   Observation 2: Providing the network with information on the situational quality of a given NR positioning method within a changing environment reduces the signaling overhead and the latency. 
R2-2009897   Proposal 9: Support coordinated PRS transmission to mitigate interference of PRS transmission. This may require modification of existing signalling between LS <-> gNB and/or gNB <-> gNB.
R2-2009287   Observation 1: The best technology to be used for positioning of a given UE depends on UE capabilities and on environment (situational) dependent parameters. 
R2-2009287   Proposal 1: Enable UE to signal the instantaneous quality of different technologies in a compact form to the location server, so that the location server may request measurements only from a subset of technologies available at UE in order to optimize accuracy, reliability and latency. 
R2-2009897   Proposal 6: Support different service level in which each level represents both positioning accuracy and latency.
R2-2009287   Proposal 2: Study the procedure and signaling to enable situational quality reporting of positioning methods in Rel-17. 
R2-2010095  Proposal 2: Enhancements to DL-only UE-based positioning should be supported in Rel-17, including
- support for RTD assistance data per DL-PRS Resource; 
- support for timing drift rate assistance data per TRP (to determine RTD drift rate at the target device); 
- support for beam-shape information in the assistance data. 
Proposals on movement model to improve accuracy also depend on the analysis by RAN1 first:
R2-2009286   Observation 1: Movement model based IMU processing based on the physical state of an object yields better positioning results than classical inertial navigation in many scenarios.
R2-2009286   Observation 2: Signaling movement state instead of displacement reduces motion sensor signaling overhead and allows less erroneous computation of position between waypoints where no other RAT-dependent or RAT-independent positioning methods are available.
R2-2009286   Observation 3: Apart from IMU measurements, other sources of information also carry important information for identification of movement states.
R2-2009286   Observation 4: Movement models help dealing with noisy data by exploiting available knowledge about the tracked object that yields in better results for many positioning scenarios.
R2-2009286   Observation 5:  To capture both ambiguity of estimates and quality, the representation of the motion states using a structure in the form of a probability mass function is preferable.
R2-2009286   Proposal 1: RAN2 shall consider reporting movement model estimates from the UE to help improve the accuracy and integrity of positioning estimates. 
R2-2009286   Proposal 2: Probabilistic classification using information from more than one sensor or system shall be used to enhance the reliability of identification of movement states from a movement model.
R2-2009286   Observation 7:  Motion model information is also beneficial for contextual interpretation.
The accuracy enhancement solution relies on RAN1, RAN2 and RAN4 may wait for the LS from RAN1 and RAN4 to reach the agreement on accuracy enhancement. 
RAN2 will discuss the potential solutions later which rely on the agreement from RAN1 and RAN4. 


Other enhancement
Some contributions discussed the aspects on positioning service continuity enhancement.
One contribution on how to enhance the positioning service continuity are shown as below:
R2-2010277   Proposal 4: Support the enhancement for positioning service continuity in Rel-17 for uplink positioning methods and multi-RTT.
· Support cell change indication from NG-RAN to LMF for both intra-gNB and inter-gNB handover.
· Support UE positioning related context relocation for SRS user for positioning.
However, concerns about whether this should be prioritized or if it is within SID scope according to the email discussion in #111-e meeting [AT111-e][612][POS][31].

Conclusions
All proposals in agenda 8.11.2 Enhancements for commercial use cases were reviewed. Based on the summary the following set of proposals can be put to further checking in online session. 
List of potentially agreeable proposals
On Latency analysis and related optimisations 
Proposal 2	RAN2 to discuss solutions skipping the capability procedure to reduce the latency caused by report of capabilities.
Proposal 3	RAN2 to discuss whether to support of SRS pre-configuration and PRS pre-configuration to reduce the latency caused by SRS/PRS configuration.


On Positioning in Idle/Inactive 
Proposal 8	Support DL-PRS measurement in IDLE/INACTIVE in R17.
Proposal 9	DL-PRS measurement reporting can be studied and optimized in inactive state in R17.

On on-demand PRS
Proposal 14	RAN2 study on-demand PRS mechanism for DL-based, UL&DL-based methods (e.g. multi-RTT), and UE-Based positioning methods in this SI. ‎FFS support UE-based Multi-RTT positioning in Rel-17 aligned with RAN1.
Proposal 15	In on-demand PRS procedure, UE may trigger the on-demand PRS request to LMF via LPP in RRC_CONNECTED mode. LMF also may trigger the on-demand PRS to gNB. 
Proposal 15-1 FFS UE triggers the on-demand PRS request to gNB. 

On others
Proposal 22	RAN2 will discuss the potential solutions later which rely on the agreement from RAN1 and RAN4.


List of proposals for further discussions
On Latency analysis and related optimisations 
Proposal 1	RAN2 to firstly discuss whether to support for location server functionality in the RAN to achieve the positioning requirement of greatly reducing end-to-end delay.
Proposal 1-1 RAN2 to further consider which functions should be supported for “LSS” in R17.
Proposal 4	RAN2 to discuss how to support of Measurement gaps (MG) optimizations to reduce the latency caused by measurement gap request procedure.
Proposal 5	RAN2 to wait for the input from RAN1 on the enhancements for prioritized transmission of PRS/SRS.
Proposal 6	RAN2 to discuss whether to support of Measure report optimisation to reduce the latency caused by measurement report procedure aligned with RAN1 agreement.
Proposal 7	RAN2 to discuss which principles above can be agreed for the latency evaluation.
· Include UE measurement as a placeholder taking value 0 for DL E-CID positioning
· Refine the components for DL-only/multi-RTT taking into account the RAN1’s work
· Simplify multi-RTT latency by merging multi-RTT with DL-only UE-assisted positioning

On Positioning in Idle/Inactive 
Proposal 10	RAN2 to discuss whether we can follow the progress of R17 SDT WI for DL-PRS measurement reporting optimization.
Proposal 11	RAN2 to discuss whether to support DL-PRS measurement reporting optimization in idle state in R17.
Proposal 12	RAN2 to discuss to support SRS transmission in idle/inactive state in R17.
Proposal 13	RAN2 to discuss whether to enhance paging for MT-LR.

On on-demand PRS
Proposal 16	When LMF trigger the on-demand PRS to gNB, gNB may decide/control the DL-PRS configuration. 
Proposal 17	When UE trigger the on-demand PRS to LMF, RAN2 discuss later if gNB and/or LMF decide PRS allocation which should be aligned with RAN1. 
Proposal 18	RAN2 to discuss later support on-demand PRS increase DL-PRS resources or reduce DL-PRS resources from LMF/UE until output from RAN1.
Proposal 19	How to support semi-persistent/aperiodic PRS configuration and activation in gNB and LMF may be later to align with RAN1.
Proposal 20	FFS support reconfiguring PRS in on-demand PRS procedure via NRPPa aligned with RAN1.
Proposal 21	On-demand SRS will be discussed later in RAN2 when there is clear output from RAN1.
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