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1. Introduction
During RANP#91e, the following objectives regarding the on-demand SI request has been agreed for work item for R17 positioning [1]. 
	· Specify on-demand transmission and reception of DL PRS for DL and DL+UL positioning for UE-based and UE-assisted positioning solutions, including: [RAN2, RAN1, RAN3]
· UE-initiated request of on-demand DL PRS transmission; 
· LMF (network)-initiated request of on-demand DL PRS transmission; 


For RAN2#113bis-e, the following contributions have been submitted.
	2790, VIVO
	R2-2102790
	discuss on-demand PRS
	vivo

	2797, OPPO
	R2-2102797
	Discussion on on-demand DL-PRS
	OPPO

	2851, Intel
	R2-2102851
	On-Demand PRS transmission
	Intel Corporation

	2927, CATT
	R2-2102927
	Discussion on on-demand PRS
	CATT

	3132, Xiaomi
	R2-2103132
	Discussion on on-demand DL PRS procedure
	Xiaomi

	3250, Spreadtrum
	R2-2103250
	Discussion on the enhancements of on-demand PRS
	Spreadtrum Communications

	3384, LenMM
	R2-2103384
	On-Demand DL-PRS Support
	Lenovo, Motorola Mobility

	3538, HW
	R2-2103538
	Discussion on on-demand PRS
	Huawei, HiSilicon

	3564, Fraunhofer
	R2-2103564
	On-demand PRS
	Fraunhofer IIS, Fraunhofer HHI

	3613, SONY
	R2-2103613
	Considerations on positioning PRS On-demand
	Sony Europe B.V.

	3787, IDC
	R2-2103787
	Procedures for On-demand PRS
	InterDigital, Inc.

	3858, APPLE
	R2-2103858
	Discussion on the signaling support for on-demand PRS
	Apple

	3901, QC
	R2-2103901
	On-demand PRS
	Qualcomm Incorporated

	4508, ERI
	R2-2104508
	On demand PRS for energy savings
	Ericsson

	3998, NOK1
	R2-2103998
	On-demand PRS transmission considerations
	Nokia, Nokia Shanghai Bell

	3999, NOK2
	R2-2103999
	Latency enhancement to on-demand PRS functionality
	Nokia, Nokia Shanghai Bell

	4142, CONVIDA
	R2-2104142
	UE-initiated requests for on-demand PRS 
	Convida Wireless

	4184, SS
	R2-2104184
	Support of on-demand DL PRS for positioning efficiency
	Samsung R&D Institute UK

	4276, ZTE
	R2-2104276
	Discussion on on demand PRS
	ZTE Corporation, Sanechips


In this contribution, we summarize all the above contributions regarding on-demand PRS request. .
2. General Aspects
For UE-initiated and LMF-initiated on-demand DL-PRS request, we have the following general considerations from different companies.

· [2797, OPPO] thinks that only UE-initiated PRS request is RAN2-centric. LMF-initiated PRS request as well as PRS reconfiguration request and acknowledgement is up to RAN3 to decide. 
· [4142, CONVIDA] proposed that RAN2 to prioritize further evaluation and discussion of solutions for on-demand transmission and reception of DL PRS and RAN2 should discuss and evaluate some of the potential solutions associated with on-demand PRS (re-)configuration.
· [4184, SS] proposed that RAN2 should discuss on whether UE-initiated on-demand DL PRS transmission has any scenario, and whether it has enough benefit to change the specification from UE side .
· [4276, ZTE] proposed RAN2 shall consider the following aspects:
· LPP is responsible for the on demand PRS data transmission between UE and LMF.
· NRPPa is responsible for the on demand PRS data transmission between gNB and LMF.
· RAN3 is responsible for the NRPPa improvement for the on demand PRS.
· [4508, ERI] proposed that RAN2 should consider to prioritize LMF-initiated PRS request over UE-initiated PRS request, specifically, it mentioned that 
· RAN2 need to first discuss LMF-Initiated on demand request and ensure NW has the possibility to optimize PRS transmission to meet certain QoS requirements such as (<3m horizontal accuracy for 80% of UE). Individual UE request is only taken into consideration after NW can fulfil the requirement of optimized PRS transmission to meet majority of the UEs.
Summary from rapporteur
[bookmark: _GoBack]The above proposals are general discussion on how on-demand PRS request should be discussed in RAN2, which have already been mentioned in SI phase and may not require specific RAN2 actions. We can directly discuss how things can be done for specific proposals. With regard to the proposal from [4508, ERI] RAN2 needs to discuss the following:

Proposal: RAN2 to discuss whether to prioritize LMF-initiated PRS request. 
3. UE-initiated on-demand PRS request
3.1 Parameters to Request
The parameters to be requested for UE-initiated on-demand PRS request can be summarized as follows:
· Beam ON/OFF request [2851, INTEL][2927, CATT]
· ON/OFF request for the PRS request[2790, VIVO]
· Configuration index [2797, OPPO][3901, QC]
· Explicit PRS configuration [2797, OPPO] [2927, CATT]
· Occasion, Periodicity [2851, INTEL][2927, CATT][3132, Xiaomi]
· Bandwidth, repetition [2851, INTEL][3132, Xiaomi]
· PRS transmission duration [2927, CATT]
· List of recommended TRPs/frequency layers/DL-PRS resource set IDs for positioning measurements [2851, INTEL]
· Frequency layer, TRP, PRS resource set and PRS resource [3538, HW]
· Recommended DL-PRS resource set configuration parameters, DL-PRS muting patterns [2851, INTEL]
· DL-PRS resource configuration parameters (e.g. recommended DL PRS resource IDs, number of symbols, resource repetitions, comb-factor) [2851, INTEL]
· Recommended DL-PRS periodicity of allocation [2851, INTEL]
· Recommended bandwidth of DL-PRS frequency layer [2851, INTEL]
· TRP/beam indication [3384, LenMM][3132, Xiaomi]
· Resource/beam, periodicity, repetition, comb pattern, Tx power, muting pattern [3787,IDC]
· Low power indication [3132, Xiaomi]
· Preferred number of gNBs/TRPs [3901, QC]
· Preferred starting time and validity time [3901, QC]
[3384, LenMM][3901, QC][4184, SS] thinks that the parameters to request for UE-initiated on-demand PRS request should be decided by RAN1.

Summary from rapporteur
From the above summary, it can be seen that the parameters that different companies are rather diverse and it may be hard for RAN2 to make any conclusion for now. For the current situation, we think that we first need to establish a common understanding in RAN2 what should be our methodology for handling this discussion. There are also some companies think that the parameters that UE-initiated on-demand PRS request can include should be decided by RAN1. 
We can discussed on the following proposal
Proposal: RAN2 should discuss what parameters for UE-initiated on-demand PRS request can be decided in RAN2. The parameters to consider include:
· Beam ON/OFF request
· ON/OFF request for the PRS request
· Configuration index 
· Explicit PRS configuration, e.g., periodicity, repetition, bandwidth, etc. 
· Low power indication
· Preferred number of gNBs/TRPs 
· Preferred starting and validity time
Proposal: Send an LS to RAN1 for the other parameters the UE can request.
3.2 Assistance information for UE-initiated PRS request
3.2.1 PRS configurations to request
[3538, HW] [2927, CATT][3758, APPLE][2797, OPPO][3999, NOK2] mentioned that LMF should provide to the UE what exactly the UE can request. 
· [3538, HW] mentioned that this can be enabled by enhancing ProvideAsssistanceData
· [2927, CATT] proposed that the LMF provides available PRS resource to the UE and UE can only request PRS based on the available PRS indicated by the LMF
· [2797, OPPO] also mentioned that if the mapping between PRS configuration and index should be distributed to UE in advance as assistance information for UE-initiated PRS request
· [3758,APPLE] proposed that LMF should let the UE know which TRP can the UE request PRS and which beam can be dynamically switched on/off in the AD
· [3999, NOK2] proposed RAN should support pre-configuration of multiple PRS configurations by LMF to UEs as a part of assistance data for positioning, where each configuration is mapped to a specific QoS and/or radio condition. UE or LMF can activate, de-activate, and re-configure a selected PRS configuration on demand, which matches to a given QoS and/or radio condition for a positioning session

Summary from rapporteur
There are some clear interests in specifying what the UE can request by on-demand PRS request. Hence, we propose the following:

Proposal: LMF provides assistance data of candidate PRS configurations to the UE, from which the UE can request for UE-initiated on-demand PRS request. 
· This can be enabled by enhancing the LPP message ProvideAssisntanceData. 
· What assistance data are FFS, e.g.,
· Mapping between PRS configuration and index
· What TRP and beam the UE can request
· Mapping between PRS configuration and QoS/radio condition


3.2.2 Triggers for PRS request
The following options have been provided for the triggers for on-demand PRS request:
· Up to UE implementation [2927, CATT]
· RAN2 should further study the trigger for UE-based PRS request [3538, HW][3384, LenMM][3564, Fraunhofer]
· [3384, LenMM] thinks we should decide whether any stage2 description is necessary
· [3613, SONY] mentioned that on-demand PRS can be triggered to meet the required positioning service level
· [3787, IDC] mentioned that the PRS request can be triggered by measurement conditions of PRS
· New parameters for PRS assistance information needs to be provided
· [3999, NOK2] proposed RAN should support pre-configuration of multiple PRS configurations by LMF to UEs as a part of assistance data for positioning, where each configuration is mapped to a specific QoS and/or radio condition. UE or LMF can activate, de-activate, and re-configure a selected PRS configuration on demand, which matches to a given QoS and/or radio condition for a positioning session
Summary from rapporteur
Several companies proposed to define the triggering condition for the UE to send on-demand PRS request, which include may include QoS for the required positioning service, and PRS measurement. However, thinking on this still may not be mature and RAN2 still needs to study whether such triggering conditions need to be defined.

Proposal: RAN2 to discuss whether triggering condition needs to be defined for UE-initiated on-demand PRS request, and if considered desirable, what conditions to be specified, e.g., QoS level, measurement, etc.
3.3 Signalling Aspects
[2790, VIVO][2851, INTEL][3250, Spreadtrum][3538, HW] proposed to enable UE-initiated PRS request from the UE to LMF using LPP. The details of the signalling are as follows:
· [2790, VIVO] proposed to requestAssistanceData, dedicated requestAssitanceData or provideLocationInformation
· [2927, CATT][3538, HW] thinks that RequestAssistanceData and ProvideAssistanceData can be the baseline for the on-demand PRS request initiated by UE and the corresponding on-demand PRS response.
· [3250, Spreadtrum] thinks that the UE can send on-demand PRS requests to LMF by reusing or enhancing the existing LPP ProvideCapabilities or RequestAssistanceData. LMF then sends the on-demand PRS request to gNB.
· [3901, QC] proposed to define a LPP Request Assistance Data message (or an extension of 	NR‑Multi‑RTT‑RequestAssistanceData, NR‑DL‑AoD-RequestAssistanceData,  	NR‑DL‑TDOA‑RequestAssistanceData), which allows a UE to request DL-PRS transmission or a change of DL-PRS transmission from multiple gNBs/TRPs. 

Summary from rapporteur
Based on the above proposals, most companies clearly have a consensus on reusing and enhancing the existing LPP message to enable UE-initiated on-demand PRS request. Meanwhile, as [3901, QC] and [2790, VIVO] have mentioned, we still need to discuss whether we need to define per-positioning method for on-demand PRS request. 

Hence, we propose the following
Proposal: UE-initiated on-demand PRS request is enabled by enhancing LPP RequestAssistanceData. RAN2 should further study the following:
· FFS: whether the UE can request PRS per positioning method.

[3132, Xiaomi] thinks that if on-demand PRS configuration is cell specific, the positioning sib can be used to provide on-demand PRS configuration.
[3132, Xiaomi] mentioned that if on-demand PRS configuration is UE specific, the LPP message can be used to provide on-demand PRS configuration to specific UE and also thinks that both MO-LR request and LPP request assistance data message can be used for UE to send on-demand PRS request to LMF

Summary from rapporteur
For the delivery of PRS configuration to the UE in system information, this has already been supported by R16 positioning and it seems that no change is needed for this. If there is, proponents of this should provide further clarification, but at this moment, no action is needed for RAN2.

The same issue also goes for MO-LR request. For MO-LR request, the UE can set the type of the MO_LR request to “assistanceData” and include requestAssistanceData in LPP message, which can be piggybacked by the NAS message of MO-LR. This seems to have also been mentioned by the [3901, QC]. 

No RAN2 action is needed for now. 
4. LMF-initiated on-demand PRS request
4.1 Triggers for PRS request
[3384, LenMM] has mentioned that RAN2 should study whether to capture any stage2 descriptions for LMF-initiated PRS request
[3613, SONY] mentioned that on-demand PRS can be triggered to meet the required positioning service level

Summary from Rapporteur:
Bear in mind that the specification usually does not specify the network side behaviour like the triggers for the LMF to perform a certain action. How this can be captured in the stage2 description can be discussed during the drafting for stage2 text proposal. 

No RAN2 action is needed for now. 
4.2 Parameters to Request
The parameters to be requested for LMF-initiated PRS request can be summarized as follows:
· Beam ON/OFF request [2851, INTEL][2927, CATT][3250, Spreadtrum][4184, SS][3538, HW] [3787, IDC]
· ON/OFF request for PRS request [2790, VIVO]
· Configuration index [2797, OPPO][3901, QC]
· PRS resource set [3538, HW]
· Explicit PRS configuration [2797, OPPO][2927, CATT]
· Periodicity [2851, INTEL][3787, IDC]
· Bandwidth, [2851, INTEL]
· Repetition [3787, IDC]
· Comb pattern, Tx power, muting pattern [3787, IDC]
· Start time and duration (validity time) [3901, QC]
· Others
· Dynamically varying PRS configuration [3250, Spreadtrum]


[3384, LenMM][3901, QC][4184, SS] thinks that the parameters to request for LMF-initiated PRS request should be decided by RAN1.

Summary from Rapporteur:
Situation is similar as UE-initiated on-demand PRS request that there is no convergence on what parameters can be requested. Again, RAN2 needs to decide what parameters can be decided by RAN2 itself and what can be decided by the other groups. 

Proposal: RAN2 should discuss what parameters for LMF-initiated on-demand PRS request can be decided in RAN2. The parameters to consider include 
· Beam ON/OFF request
· ON/OFF request for PRS request
· Configuration index
· Explicit PRS configuration, e.g., periodicity, bandwidth, repetition, etc
· Start Time and validity time 

Proposal: For involvement with the other groups for LMF-initiated PRS request:
· Send an LS to RAN1 for the other parameters the LMF can request
· Send an LS to RAN3 the required parameter to support LMF-initiated on-demand PRS request in NRPPa from RAN2’s perspective
4.3 Assistance information for LMF-initiated PRS Request
4.3.1 From gNB to LMF
[3132, Xiaomi][3538, HW][3998, NOK1] [3901, QC] [3787,IDC] also mentioned that gNB should provide some sets of PRS configuration to LMF and the LMF determined the on-demand PRS configuration from the sets of PRS configuration. 
· [3538, HW] proposes to define 3 types of PRS in the 5GC interface according to what can be requested dynamically, i.e., 5GC-periodic PRS, 5GC-semi-persistent PRS, and 5GC-aperiodic PRS. [3787,IDC] proposed we should further study this approach
· 5GC periodic PRS is the most inflexible PRS that can only be turned on/off via implementation or OAM, 
· 5GC semi-persistent PRS provides some opportunity for PRS overheard reduction, 
· 5GC aperiodic PRS is the most flexible PRS that requires NG-RAN to schedule PRS transmission similar to data. As the starting point, we suggest to study LMF on-demand PRS for 5GC semi-persistent PRS.
· [3999, NOK2] proposed RAN should support pre-configuration of multiple PRS configurations by LMF to UEs as a part of assistance data for positioning, where each configuration is mapped to a specific QoS and/or radio condition. UE or LMF can activate, de-activate, and re-configure a selected PRS configuration on demand, which matches to a given QoS and/or radio condition for a positioning session
· [3901, QC] proposed that the LMF provides the DL-PRS configuration from a set of preconfigured DL-PRS configuration parameter from an LMF to selected gNBs/TRPs
Summary from Rapporteur:
Based on the above discussion, companies think gNB can provide some candidate configurations to the LMF/UE for the LMF and UE to request. Hence, we propose the following:

Proposal: gNB/TRPs provides a selected set of PRS configurations from which the LMF/UE can select to request on-demand. 
· FFS how this is enabled, e.g., with 5GC periodic/semi-persistent/aperiodic PRS
4.3.2 From UE to LMF
[2790, VIVO] [2927, CATT][3564, Fraunhofer] has proposed that UE can provide assistance information to the LMF for PRS request. Specifically,
· For UE-based positioning, [2790, VIVO] thinks that UE can provide measurement results and/or location estimate to the LMF with or without LMF request.
· [2927, CATT] thinks that UE may provide beam index, channel state information, RRM measurements results to the LMF via ProvideLocationInformation message. 
· [3538, HW] thinks that the current spec can already support sending assistance information of PRS or RRM measurement to LMF for PRS transmission based on the information collected from the UE. Hence, no spec impact is needed from this perspective.
· [3787,IDC] proposed to support LMF-initiated reconfiguration of PRS based on the UE measurement report and support activation of pre-configured PRS by the LMF based on the UE measurement report.
· [3916, ERI] proposed to RAN2 to study what kinds of feedback from the UE is needed to be provided to the LMF for energy-efficient solutions, specifically the feedback may include
· GDOP results, DL-PRS RSRP and positioning ranging errors/uncertainties
· UE feedbacks in UE-based mode
· LOS/NLOS classifications
· [4276, ZTE] proposed that for UE-based positioning, whether UE uploads the PRS measurement reports in UE-based DL related positioning depends on the LMF implementation
· [3998, NOK1] proposed that we should consider a process where the network requests from target UEs feedback on detected reference signals. This feedback is used by the LMF to request to the gNB/TRPs DL PRS activation/deactivation or re-allocation of DL PRS resources. 
· This also needs to be considered for RRC_INACTIVE.

Summary from Rapporteur:
Opinions from companies show that there is a general consensus that the UE needs to provide some measurement results or location estimate to the LMF, based on which the LMF can decide what to request from the RAN. However, the exact measurements/feedback that the UE can provide should be further studied and their spec impacts need to be investigated.

Proposal: UE can provide feedbacks to the LMF for the assistance of LMF-initiated on-demand PRS request. RAN2 should investigate the spec impacts for this. Candidate solutions for the feedback include:
· UE feedbacks for the UE-based mode, which may include
· Measurement results and/or location estimate for UE-based positioning
· Beam index, channel state information
· PRS and RRM measurement results
· FFS whether there is any spec change required
· GDOP results, DL-PRS RSRP and positioning ranging errors/uncertainties
· LOS/NLOS classifications
· Feedbacks on detected reference signals
· FFS RRC state that this feedback to be provided
4.4 Signalling Aspects
[3132, Xiaomi] thinks that PRS information request message can be reused for LMF to send on-demand PRS request to the gNB and UE-associated NRPPa transport message should be introduced for LMF to send on-demand PRS request. 
[3538, HW] mentioned that the current NRPPa message can be enhanced for the support of network-initiated PRS request. 
[3901, QC] proposed to define a NRPPa procedure which allows an LMF to request a change of DL-PRS transmission from multiple gNBs/TRPs: The NRPPa procedure should support at least the following functionality:
· Provide the DL-PRS configuration from a set of preconfigured DL-PRS configuration parameter from an LMF to selected gNBs/TRPs.
· Provide a starting time for each new DL-PRS configuration and a duration from an LMF to the selected gNBs/TRPs.
· Provide an indication from the target gNBs/TRPs to the LMF indicating whether the new/requested DL-PRS configuration can be supported.
[3916, ERI] thinks that RAN2 should request RAN3 to provide solution/signalling for providing PRS beam utilization in NRPPa to reduce PRS overhead.

[2927, CATT] thinks that how to transmit the on-demand PRS request and the corresponding response depend on RAN3 after RAN2 and RAN1 have made an agreement on what can be requested by LMF.

[3250, Spreadtrum] thinks that RAN2 should inform RAN3 about the requirement of modifying NRPPa signalling to support LMF-initiated on-demand PRS.

[4184, SS] proposed to send LS to RAN3 on the necessity of new NRPPa message or existing NRPPa message with new field for requesting turning on/off the on-demand DL PRS

Summary from Rapporteur:
Based on the above discussion, RAN2 can provision the functionalities that RAN2 wants to support with NRPPa, but the details to enable this should be studied in RAN3 instead of in RAN2, such as whether to reuse the existing NRPPa message or to create new ones.

Observation1: RAN2 should let RAN3 decide the details of the NRPPa signaling that can enable the RAN2 proposed functionalities. 

5. Text Proposal
The following companies have provided text proposals for on-demand PRS request
5.1 [2797, OPPO] Text Proposal


1. UE/LMF triggers the on-demand PRS request based on the current positioning requirements (i.e. accuracy requirement), previous measurement result, etc;
1a. for UE-initiated on-demand PRS, UE sends the on-PRS request to LMF including the preference on PRS configuration. This can be utilized in both UE-based/assisted methods since UE has the measurement result of the DL-PRS. The PRS configuration suggestion which is in line with UE requirement can be included to reduce the waste of resource/power, and improve positioning accuracy;
1b. for LMF-initiated on-demand PRS, the on-demand PRS request is triggered by LMF. LMF adjust the PRS configuration based on the measurement result submitted by UE as well as the accuracy requirement;
2. With the received on-demand request, LMF request the PRS configuration update to the gNB/TRPs who actually generate the PRS configurations;
3. If gNB/TRPs can support the PRS update requested by LMF, the PRS reconfiguration acknowledge will be sent to LMF;
4. The LMF sends the updated PRS configuration back to UE.

5.2 [2851, INTEL] Text Proposal



To support the request from the UE:
1 the UE should have pre-configured PRS configuration or the lists (via LPP or broadcast signalling);
2 the UE sends on-demand PRS request to the LMF when PRS configuration needs to be changed, e.g. on/off, change pattern. 
3 when the LMF receives the request from the UE, it is LMF decision on whether PRS should be changed or not, e.g. based on the information from multiple UEs (the request from UE, accuracy requirement or measurements from the UE), etc.
4/5 If yes, the LMF should contact gNBs to update the PRS configuration;
6 if needed, the LMF sends the updated PRS configuration back to the UE; It may be done via broadcast signalling or LPP message;

To support the request from the LMF:
3 the LMF decision on whether PRS should be changed or not. For LMF initiated request, the LMF may decide to change PRS configuration based on the accuracy requirement or measurements from the UE, etc.
4/5 the LMF should contact gNBs to update the PRS configuration;
6 if needed, the LMF sends the updated PRS configuration back to the UE; It may be done via broadcast signalling or LPP message;

5.3 [2927, CATT] Text Proposal
5.3.1 LMF initiated on-demand PRS


5.3.2 UE initiated on-demand PRS



5.4 [3538, HW] Text Proposal

[image: ]

1a.	Either: UE sends an on-demand PRS request through an LPP message (e.g. LPP RequestAssistanceData) including the requested or recommended PRS configuration, e.g. specific PRS pattern, ON/OFF, periodicity, BW, etc. Note that this step is optional and only applicable for UE-initiated on-demand PRS request.
1b.	Or: LMF decides on its own (e.g. Inactivity of positioning methods based on DL-PRS) that LMF-initiated on-demand PRS procedure is instigated.
2.	LMF sends an on-demand PRS request to the gNBs. This request may be carried in an NRPPa message (e.g. TRP INFORMATION REQUEST).
3.   The serving and neighbouring gNBs return a response to indicate whether to support the requested PRS configuration. This response may be carried in an NRPPa message (e.g. TRP INFORMATION RESPONSE).
4.	LMF sends a notification for the on-demand PRS request to UE through an LPP message (e.g. LPP ProvideAssistanceData), which may include the updated PRS configuration.
NOTE1: The above procedure is only applicable for RRC_CONNECTED UE.

5.5 [3901, QC] Text Proposal
5.5.1 Procedure for LMF-triggered On-Demand DL-PRS Transmission
[image: ]
1.	The serving AMF for a target UE invokes the Nlmf_Location_DetermineLocation service operation towards the LMF to request the current location of the UE. The service operation includes the serving cell identity, the LCS client type and may include a required QoS.
2.	The LMF sends an LPP Request Capabilities message to the target UE to request the positioning capabilities of the UE.
3.	The UE returns an LPP Provide Capabilities message to the LMF to provide the positioning capabilities of the UE. The positioning capabilities include the DL-PRS measurement capabilities of the UE.
4.	Based on the LCS client type (e.g. an emergency services client type or a commercial client type), the QoS if provided at step 1 and the DL-PRS measurement capabilities of the UE, the LMF determines gNBs nearby to the location of the UE (e.g., as indicated by the serving cell ID received at step 1) to be measured by the UE and a new DL-PRS configuration for each of the gNBs. The determination at step 4 may also be based on location requests for other UEs nearby to the target UE which are received by the LMF at about the same time. The new DL-PRS configuration for each gNB may use increased DL-PRS bandwidth, a longer duration of DL-PRS positioning occasions, DL-PRS transmission on new frequencies, and/or a higher frequency of DL-PRS positioning occasions, etc. The DL-PRS configuration may be selected from a set of one or more preconfigured sets of DL-PRS configuration parameters to support increased DL-PRS transmission. In case of directional DL-PRS beams, the LMF may determine directional DL-PRS beams for each gNB which should be received by the target UE. The directional DL-PRS beams may be selected by the LMF according to a known approximate location for the target UE, e.g. as given by the serving cell provided in step 1.
5.	The LMF sends an NRPPa DL-PRS Reconfiguration Request message to each of the gNBs determined at step 4 and includes the new DL-PRS configuration determined for that gNB. The request may also include a start time for each new DL-PRS configuration and a duration.
6.	Each of the gNBs returns a response to the LMF indicating whether the new DL-PRS configuration can be supported. If some gNBs indicate that a new DL-PRS configuration cannot be supported, the LMF may perform steps 15 and 16 to restore the old DL-PRS configurations in each of the gNBs which indicated a new DL-PRS configuration can be supported in order to avoid interference between gNBs which support the new DL-PRS configuration and gNBs which do not. In this case, the LMF would provide the old DL-PRS configurations to the UE at step 8 instead of the new DL-PRS configurations.
7.	Each of the gNBs which acknowledged support of a new DL-PRS configuration at step 6 changes from an old DL-PRS configuration to a new DL-PRS configuartion either after (or just before) sending the acknowledgment at step 6 if no start time was provided or at the start time indicated in step 5. In some cases, the old DL-PRS configuration may correspond to not transmitting a DL-PRS.
8.	The LMF sends an LPP Provide Assistance Data message to the target UE to provide the new DL-PRS configurations determined at step 4 and acknowledged at step 6.
9.	The LMF sends an LPP Request Location Information message to the target UE to request the UE to measure DL-PRS transmission by the gNBs determined at step 4 (and confirmed at step 6) according to the new DL-PRS configurations. The LMF may also indicate whether UE-based positioning is requested whereby the UE determines its own location.
10.	The target UE acquires and measures the DL-PRS transmitted by the gNBs indicated at step 8 according to the new DL-PRS configurations provided at step 8. 
11.	If UE based positioning was requested at step 9, the UE determines its location based on the DL-PRS measurements obtained at step 10 and the assistance data received at step 8.
12.	The UE sends an LPP Provide Location Information message to the LMF and includes the DL-PRS measurements obtained at step 10 or the UE location obtained at step 11.
13.	The LMF determines the UE location based on any DL-PRS measurements received at step 12.
14.	The LMF returns an Nlmf_Location_DetermineLocation Response to the AMF to return the location obtained at step 13.
15.	If a duration was not included at step 5, the LMF may send an NRPPa DL-PRS Reconfiguration Request message to each of the gNBs determined at step 4 and includes a request to restore the old DL-PRS configuration for each gNB.
16.	Each of the gNBs returns a response to the LMF indicating whether the old DL-PRS configuration can be restored. 
17.	Each of the gNBs begins transmitting the old DL-PRS configuration either when the duration received in step 5 expires or after receiving and acknowledging the request to restore the old DL-PRS configuration at steps 15 and 16.

5.5.2 Procedure for UE-triggered On-Demand DL-PRS Transmission
[image: ]
0.	The UE receives a location request from an internal client (e.g. an App). The UE determines that an increase in DL-PRS transmission is needed (e.g. increased DL-PRS bandwidth, increased duration of positioning occasions, DL-PRS transmission from more nearby gNBs, etc.) to meet the QoS requirement from the application.
1.	If the UE is in CM-IDLE state, the UE instigates the UE triggered Service Request as defined in clause 4.2.3.2 of 3GPP TS 23.502 in order to establish a signalling connection with the AMF.
2.	The UE sends an MO-LR Request message included in an UL NAS TRANSPORT message to the serving AMF including a request for increased DL-PRS transmission. The request may include the DL-PRS capabilities of the UE (e.g. in an embedded Provide Capabilities message) and parameters for preferred DL-PRS configurations (which may include a preferred DL-PRS bandwidth, a preferred duration of DL-PRS positioning occasions, preferred DL-PRS beam directions for certain gNBs if known by the UE, etc.).
The requested DL-PRS configuration parameter are provided in a LPP Request Assistance Data message included in the MO-LR Request.
The MO-LR Request message may also include a time duration for how long the requested DL-PRS configuration is required at the UE (e.g., number of seconds or minutes for which the DL-PRS configuration is required).
The MO-LR Request message may also include an (unsolicited) LPP Provide Location Information message (e.g., incl. E-CID measurements).
3.	The AMF selects an LMF; e.g. as desribed in 3GPP TS 23.273, section 5.1.
4.	The AMF invokes the Nlmf_Location_DetermineLocation service operation towards the LMF. The service operation includes the MO-LR Request from Step 2.
5.	Based on the request in step 4 the LMF determines a new DL-PRS configuration for nearby gNBs (e.g. based on a preferred number of gNBs indicated at step 2).
The determination at step 5 may also be based on DL-PRS requests received from other UEs as in step 2 and/or on location procedures for other UEs which occur at about the same time.
The new DL-PRS configuration for each gNB may use increased DL-PRS bandwidth, a longer duration of DL-PRS positioning occasions, DL-PRS transmission on new frequencies, and/or a higher frequency of DL-PRS positioning occasions, etc.
The new DL-PRS configuration may be selected from a set of one or more preconfigured sets of DL-PRS configuration parameters, as mentioned in section 2 above. 
In the case of beamformed DL-PRS, the LMF may determine directional DL-PRS beams for each gNB which should be received by the UE. The directional DL-PRS beams may be selected by the LMF according to a known approximate location for the target UE, e.g. as given by the coverage area of the serving or camped-on cell for the UE.
6.	The LMF sends an NRPPa DL-PRS Reconfiguration Request message to each of the gNBs determined at step 5 and includes the new DL-PRS configuration determined for that gNB. The request may also include a start time for each new DL-PRS configuration and a duration (e.g., as requested by the UE at Step 2 or determined by the LMF at step 5).
7.	Each of the gNBs returns a response to the LMF indicating whether the new DL-PRS configuration can be supported. If some gNBs indicate that the new DL-PRS configuration cannot be supported, the LMF may perform steps 15 and 16 to restore the old DL-PRS configurations in each of the gNBs which indicated a new DL-PRS configuration can be supported in order to avoid interference between gNBs which support the new DL-PRS configuration and gNBs which do not. In this case, the LMF would provide the old DL-PRS configurations to the UE at step 9 instead of the new DL-PRS configurations.
8.	Each of the gNBs which acknowledged support of a new DL-PRS configuration at step 7 changes from an old DL-PRS configuration to a new DL-PRS configuration either after (or just before) sending the acknowledgment at step 7 if no start time was provided or at the start time indicated in step 6. In some cases, the old DL-PRS configuration may correspond to not transmitting a DL-PRS.
Note, in some cases the start time for switching to the new DL-PRS configuration may result in transmitting the new DL-PRS after Step 9 or 10/11. This may typically be the case when the new DL-PRS configuration consists of a single or a few DL-PRS occasions only.
9.	The LMF sends an LPP Provide Assistance Data message to the target UE to provide the new DL-PRS configurations determined at step 5 and acknowledged at step 7.
10.	When the assistance data with the new DL-PRS configuration has been transferred to the UE, the LMF returns the Nlmf_Location_DetermineLocation Response towards the AMF. The response (or the message at Step 9) may also include the start time for each new DL-PRS configuration and a duration. If the on-demand DL-PRS request from step 2 could not be fulfilled, a failure cause is included in the service operation.
11.	The AMF forwards the response from Step 10 to the target UE.
12.	The target UE acquires and measures the DL-PRS transmitted by the gNBs according to the new DL-PRS configurations provided at step 9. For example, the UE may obtain RSTD measurements.
13.	The UE determines its location based on the DL-PRS measurements obtained at step 12 and the assistance data received at step 9.
14.	The UE provides the location estimate to the internal client which requested the location at Step 0.
15.	If a duration for the new DL-PRS was not included at step 6, the LMF may send an NRPPa DL-PRS Reconfiguration Request message to each of the gNBs determined at step 5 and includes a request to restore the old DL-PRS configuration for each gNB. The LMF may use the determined duration for the DL-PRS from Step 5 to decide when to perfom this Step. 
16.	Each of the gNBs returns a response to the LMF indicating whether the old DL-PRS configuration can be restored. 
17.	Each of the gNBs begin transmitting the old DL-PRS configuration either when the duration received in step 6 expires or after receiving and acknowledging the request to restore the old DL-PRS configuration at steps 15 and 16.
5.6 Summary of the TPs
[2797, OPPO] [2851, INTEL] [3538, HW] proposed that the general procedure for on-demand PRS request from the UE and LMF should be specified under a common framework.


Comments from Rapporteur:
There are five text proposals provided by companies in total and it might be already mature to discuss the stage2 description for the signaling flow for on-demand PRS request. With the proposal from OPPO, HW and INTEL, it seems that the only difference between the signalling flow of UE-initiated and LMF-initiated on-demand PRS request is where the signaling is triggered and the subsequent procedures are the same between the two. 

Hence, we propose the following for RAN2 to discuss. 

Proposal: Put the stage2 description for UE-initiated and LMF-initiated PRS request under the same framework. 

Comments from Rapporteur:
For some text proposals, rapporteur has observed that some SA2 description has appeared for stage2 description for RAN, such as LMF selection, UE-triggered service request, etc. From the understanding of the rapporteur, there is no need for RAN2 to capture such things and this can be captured in the SA2 spec. Hence, we propose the following to be discussed during the meeting. 

Proposal: RAN2 to discuss what can be described in RAN2 stage2 spec and what can be done for SA2 spec. FFS involvement with SA2 for on-demand PRS request, e.g., whether LS is needed from RAN2 to SA2. 

Comments from Rapporteur:
With the above said, we can put the drafting for the text proposal for on-demand PRS request to email discussion:

Proposal: The text proposal for on-demand PRS request can be discussed offline in email discussion. 
6. Other aspects
6.1 UE capability
[2790, VIVO] has mentioned that UE capability needs to be defined for on-demand PRS and should be reported to the network. 

6.2 Relation with Scheduled Location Time
[2790, VIVO] thinks that it is needed to consider how to satisfy the limitation of scheduled location time when on-demand DL-PRS is supported such that the UE can begin measurements at the scheduled time T. 

6.3 Collision of PRS
[2790, VIVO] mentioned that there is a probability that PRS of different periodicities may collide in time and proposed that we should consider how to resolve the collision problem introduced by on-demand PRS. 
[3613, SONY] mentioned that on-demand PRS can be transmitted with the legacy PRS in FDM and TDM
6.4 Request of UL-PRS
[3787,IDC] proposed to support PRS request for UL-PRS for multi-RTT positioning. 
6.5 Beam management
[3787,IDC] proposed that on-demand PRS can be used for beam management for SRS to update the spatial relation of SRS for multi-RTT positioning. 
6.6 Supported positioning methods
[3384, LenMM] proposed to support UE-initiated on-demand PRS for multi- RTT, DL-AoD and DL-TDOA positioning methods.
[3613, SONY] mentioned that on-demand PRS can be supported for DL-TDOA and multi-RTT

6.7 RRC states and on-demand PRS request
[3384, LenMM] mentioned that on-demand PRS request should be supported for RRC_CONNECTED and RRC_IDLE states
[3998, NOK1] mentioned that we should support UE report feedback to the network to assist LMF-based PRS request in RRC_INACTIVE
6.8 Uu- signalling for on-demand PRS
[3758,APPLE] mentioned that in some cases, there is no need to coordination with LMF for the PRS transmission and the UE can request PRS to the serving gNB directly with Uu signaling. 

Comments from Rapporteur:
On these aspects, there are either not enough proponents, or the idea for the proposals is still not clear enough and needs further clarification. RAN2 can stay open to these proposals and the proponents of these can provide further clarifications in the future meetings. 

We hence propose the following:

Proposal: RAN2 should further study the following aspects of on-demand PRS
· UE capability
· Relationship with scheduled location time
· Collision of PRS
· Beam management
· Supported positioning methods and RRC state
· Uu-signalling for on-demand PRS
7. Conclusion
In this contribution, we provide a summary for all the contributions submitted under AI 8.11.4 for on-demand PRS request. The following are proposed for discussion during online and to be further studied by RAN2:
7.1 The following proposals can be discussed by RAN2
Proposal0: RAN2 to discuss whether to prioritize LMF-initiated PRS request. 

UE-initiated on-demand PRS request
Proposal1: RAN2 should discuss what parameters for UE-initiated on-demand PRS request can be decided in RAN2. The parameters to consider include:
· Beam ON/OFF request
· ON/OFF request for the PRS request
· Configuration index 
· Explicit PRS configuration, e.g., periodicity, repetition, bandwidth, etc. 
· Low power indication
· Preferred number of gNBs/TRPs 
· Preferred starting and validity time
Proposal2: Send an LS to RAN1 for the other parameters the UE can request.
Proposal3: LMF provides assistance data of candidate PRS configurations to the UE, from which the UE can request for UE-initiated on-demand PRS request. 
· This can be enabled by enhancing the LPP message ProvideAssisntanceData. 
· What assistance data are FFS, e.g.,
· Mapping between PRS configuration and index
· What TRP and beam the UE can request
· Mapping between PRS configuration and QoS/radio condition
Proposal4: RAN2 to discuss whether triggering condition needs to be defined for UE-initiated on-demand PRS request, and if considered desirable, what conditions to be specified, e.g., QoS level, measurement, etc.

Proposal5: UE-initiated on-demand PRS request is enabled by enhancing LPP RequestAssistanceData. RAN2 should further study the following:
· FFS: whether the UE can request PRS per positioning method.

LMF-initiated on-demand PRS request
Proposal6: RAN2 should discuss what parameters for LMF-initiated on-demand PRS request can be decided in RAN2. The parameters to consider include 
· Beam ON/OFF request
· ON/OFF request for PRS request
· Configuration index
· Explicit PRS configuration, e.g., periodicity, bandwidth, repetition, etc
· Start Time and validity time 

Proposal7: For involvement with the other groups for LMF-initiated PRS request:
· Send an LS to RAN1 for the other parameters the LMF can request
· Send an LS to RAN3 the required parameter to support LMF-initiated on-demand PRS request in NRPPa from RAN2’s perspective
Proposal8: gNB/TRPs provides a selected set of PRS configurations from which the LMF/UE can select to request on-demand. 
· FFS how this is enabled, e.g., with 5GC periodic/semi-persistent/aperiodic PRS
Proposal9: UE can provide feedbacks to the LMF for the assistance of LMF-initiated on-demand PRS request. Candidate solutions for the feedback include:
· UE feedbacks for the UE-based mode, which may include
· Measurement results and/or location estimate for UE-based positioning
· Beam index, channel state information
· PRS and RRM measurement results
· FFS whether there is any spec change required
· GDOP results, DL-PRS RSRP and positioning ranging errors/uncertainties
· LOS/NLOS classifications
· Feedbacks on detected reference signals
· FFS RRC state that this feedback to be provided
Observation1: RAN2 should let RAN3 decide the details of the NRPPa signaling that can enable the RAN2 proposed functionalities. 

Text proposals for on-demand PRS request
Proposal10: Put the stage2 description for UE-initiated and LMF-initiated PRS request under the same framework. 
Proposal11: RAN2 to discuss what can be described in RAN2 stage2 spec and what can be done for SA2 spec. FFS involvement with SA2 for on-demand PRS request, e.g., whether LS is needed from RAN2 to SA2. 
Proposal12: The text proposal for on-demand PRS request can be discussed offline in email discussion. 

7.2 The following proposal needs to be further studied by RAN2
Proposal13: RAN2 should further study the following aspects of on-demand PRS
· UE capability
· Relationship with scheduled location time
· Collision of PRS
· Beam management
· Supported positioning methods and RRC state
· Uu-signalling for on-demand PRS

8. Reference 
[1] RP-210903, Revised WID on NR Positioning Enhancements, Intel Corporation, CATT.
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