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1. Introduction
Based on the conclusion of RAN2#113bis-e [1], the following conclusions have been made for on demand PRS.
· UE-initiated on-demand PRS request is enabled by enhancing LPP RequestAssistanceData. FFS how much control the network has over the UE request.
· The UE-initiated mechanism is enabled by the UE request triggering a request from the LMF, and the actual PRS changes are requested by the LMF irrespective of whether the procedure is UE- or LMF-initiated.
· Put the stage 2 description for UE-initiated and LMF-initiated PRS request under the same framework.
However, there are still some open issues including the specific configuration that can be changed, required measurements, assistance data, etc. Therefore, this paper provides some potential solutions to enable these two candidates, i.e. UE-initiated and LMF-initiated on-demand PRS.
2. General procedure for on-demand PRS
According to the agreements of RAN1#103-bis meeting [1], UE-initiated/LMF-initiated on-demand PRS is about UE/LMF requesting or suggesting or recommending specific PRS pattern, ON/OFF, periodicity, BW, etc. The main difference between UE-initiated and LMF-initiated solution lies in who triggers the on-demand PRS, while these two candidates share a lot of common in the procedure. Accordingly, we’d like to give a general description for the procedure of on-demand PRS in Fig.2- 1.
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[bookmark: _Ref71147772]Fig.2- 1 The procedure for UE/LMF initiated on-demand DL PRS

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.
NOTE 1: The above procedure is only applicable for RRC_CONNECTED UE.
Proposal 1: Adopt the TP of on-demand PRS for TS 38.305 in the Appendix. And send an LS to SA2.

3. Discussion
3.1. LMF-initiated on-demand PRS
3.1.1 Issue 1: Triggers for PRS request
LMF may decide on its own or receive assistance from UE (e.g. via UE-initiated on-demand PRS, UE RRM/Positioning measurement report, triggered event report in deferred MT-LR). In this regard, in order to let the LMF to make proper decisions on the PRS transmission suggestion for different TRPs, assistance data from TRPs and/or UEs may be helpful. A proper way is that LMF can request the RRM measurements from the target UE/gNB and then LMF can select the PRS resources based on the RRM measurements and the positioning measurements, which can be done by e.g., enhancing NR E-CID positioning. 
So we have the following proposal: 
Proposal 2: UE/gNB can send RRM measurements and the positioning measurements of the PRS to the LMF, with which the LMF makes suggestions on PRS transmission to the gNB. No stage3 impacts are needed for the measurement report.

3.1.2 Issue 2: Parameters to Request
At RAN2#113bis-e meeting, consensus has been achieved that whether the procedure is UE-initiated or LMF-initiated, the actual PRS changes are requested by the LMF. So in the first stage, we need to determine what parameters LMF can decide for on-demand PRS request.

In the last meeting, several companies have provided some input regarding this issue, and we have discussed the following proposal [2]:
	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



From our point of view, at least the start time and validity time can be discussed in RAN2, and we can rely on RAN1’s expertise to study the rest of the parameters.

Proposal 3: The parameters for LMF-initiated on-demand PRS request can be decided in RAN2 include ON/OFF request for PRS request, and start time and validity time. Send an LS to RAN1 to discuss the rest of parameters.

3.1.3 Issue 3: Assistance information for LMF-initiated PRS Request
For the LMF-initiated on-demand PRS, in order to inform the LMF whether the RAN node supports the reconfiguration of PRS, it is proposed to allow RAN to provide indication of the PRS types (being 5GC semi-persistent PRS or 5GC aperiodic PRS) of the TRPs. This is important because some of the RAN node may only support R16 PRS transmission. 
Proposal 4: Allow RAN to provide indication of the PRS types (e.g. periodic, semi-persistent, aperiodic PRS) of the TRPs.

Note that TRP capability exchange with LMF is missing so far, so the negotiation between LMF and gNB should be introduced.
1) To support the on-demand request for the 5GC semi-persistent PRS, the LMF is expected to suggest the preferred PRS resources to the NG-RAN nodes, who can then configure the PRS transmission. For example, if there is no UE taking the measurement on PRS from a TRP, LMF may suggest the RAN nodes to shut-down the PRS transmission for the TRP. If there is no UE taking the measurement on the PRS on a specific beam, LMF may suggest the partial shut-down of the PRS transmission by deactivating some certain PRS resources. For the PRS transmission of a specific TRP that is already shut down, if UE needs to measure it, LMF can also suggest to turn on the PRS transmission if it finds it’s helpful for improved accuracy or reduced latency.
2) To support the on-demand request for the 5GC aperiodic PRS, the LMF may suggest the transmission timing of the preferred PRS resources to the NG-RAN nodes, who can then configure the PRS transmission. For example, LMF may recommend the 5GC aperiodic PRS to be transmitted in slot #7. The NG-RAN may decide the PRS transmission is possible in slot #15, and the confirmation would be replied to the LMF. If the NG-RAN decides the PRS transmission is not possible, it may reply with an error indication.
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[bookmark: _Ref68199268]Fig. 3.3.3- 1 NRPPa procedure for LMF to request PRS transmissions ON/OFF
As is shown in Fig. 3.3.3- 1, LMF sends an on-demand PRS request to NG-RAN; the NG-RAN takes that suggestion into account and then decides to switch on/off the respective PRS transmissions on TRPs or transmit the PRS at specific time. This request/response may be carried in the existing NRPPa message (e.g. TRP INFORMATION REQUEST/RESPONSE).
Proposal 5: Enhance the NRPPa procedure to support LMF-initiated on-demand PRS request.

3.2. UE-initiated on-demand PRS
3.2.1 Issue 1: Triggers for PRS request
Note that the style of LPP is different from the other specifications. Currently, there is no triggers defined in LPP and also no prohibit timers to control the uplink LPP messages. Therefore, we think the triggering criteria should firstly be discussed and clarified, which can provide a guideline for the UE to decide whether to submit an on-demand PRS request. 
The triggering criteria should be differentiated according to different positioning methods or scenarios. For instance, 
· For UE-assisted positioning, the UE can determine whether to initiate a request based on the measurement quality, e.g., TimingQuality or number of available PRS resource set/PRS resource;
· For UE-based positioning, the positioning results obtained at UE side, e.g., the confidence of horizontal/vertical accuracy, can be directly considered as a triggering criteria. 
Based on the previous discussion, we have the following proposal:
Proposal 6: Define the triggering criteria for UE-initiated on-demand PRS, e.g., threshold for measurement quality, confidence level, etc., to provide a guideline for UE to determine an on-demand PRS request. 

According to the current specification (TS 37.355), the PRS configuration related assistance data is provided in the common IE NR-DL-PRS-AssistanceData, which only includes the PRS configuration that has already been working, i.e., the PRS that has been turned on by the gNBs. Without any reference information, the UE may determine what to request by its own. For example, if the UE finds the measurement quality far from satisfactory, it may request a larger PRS bandwidth. Since the UE is not aware the PRS configuration that can be supported by the gNBs, it’s more likely that the request may not be satisfied by the network. So we can have the following observation:
Observation 1: Without any recommendation from the network, the UE may request on-demand PRS that cannot be satisfied by the network. 

As concluded at RAN2#113bis-e meeting, it is remain as FFS that how much control the network has over the UE request. Based on the above discussion, we think the LMF can provide some recommendation to UE for what it can request from the network. So we have the following proposal:
Proposal 7: For the UE-initiated on-demand PRS, LMF can provide some recommendation to UE by enhancing the existing LPP ProvideAssistanceData, e.g., PRS configuration that can be requested for on-demand PRS. 

3.2.2 Issue 2: Parameters to Request
When it comes to issue 2, the problem can be further viewed from two aspects:
· Issue 2: Parameters to Request
· 2a) What can UE request, i.e., the update of PRS configuration?
· 2b) What can UE suggest or recommend to assist the LMF for decision?

To address issue 2a) and issue 2b) respectively, the suggested or recommended information from UE can be categorized into two categories:
· Type 1: Direct request of PRS configuration based on the recommendation of LMF.
According to the current specification (TS 37.355), the PRS configuration related assistance data provided in the common IE NR-DL-PRS-AssistanceData is hierarchized by frequency layer, TRP, PRS resource set and PRS resource. To accommodate the current specification and keep the modification as a minimum, UE can request PRS configuration with the granularity of PRS resource, PRS resource set, frequency layer, TRP, etc. 
· Type 2: Assistance information that can help LMF to make decision/suggestion about the on-demand PRS, e.g., PRS measurements, RRM measurements, etc.
In order to let the LMF to make proper decision or suggestion to gNBs concerning the on-demand PRS from the UE, assistance data from UE may be helpful. For example, the UE can provide the PRS measurement results (e.g., measurement quality) together with the on-demand PRS to indicate its relative direction from the TRPs, which may be helpful for LMF to decide whether to turn on/off the corresponding beam. 

So for Type 1, we have the following proposal:
Proposal 8: UE can down-select from the parameters from what LMF’s recommendation with different granularities of frequency layer, TRP, PRS resource set and PRS resource. 

For Type 2, we think the current specification (TS 38.305) can already partially support.
	[bookmark: _Toc60789032][bookmark: _Toc52567426][bookmark: _Toc46489073][bookmark: _Toc37338230][bookmark: _Toc29305407][bookmark: _Toc12632713]8.2.3.2.1.2	UE initiated Assistance Data Transfer
Figure 8.2.3.2.1.2-1 shows the Assistance Data Transfer operations for the OTDOA positioning method when the procedure is initiated by the UE.
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Figure 8.2.3.2.1.2-1: UE-initiated Assistance Data Transfer Procedure
(1)	The UE determines that certain OTDOA positioning assistance data are desired (e.g., as part of a positioning procedure when the LMF provided assistance data are not sufficient for the UE to fulfil the request) and sends an LPP Request Assistance Data message to the LMF. This request includes an indication of which specific OTDOA assistance data are requested. Additional information concerning the UE's approximate location and serving and neighbour cells may also be provided in the Request Assistance Data message and/or in an accompanying Provide Location Information message to help the LMF provide appropriate assistance data. This additional data may include the UE's last known location if available, the cell IDs of the UE serving NG-RAN node and possibly neighbour NG-RAN nodes, as well as E-UTRA E-CID measurements.
(2)	The LMF provides the requested assistance in an LPP Provide Assistance Data message, if available at the LMF. If any of the UE requested assistance data in step (1) are not provided in step 2, the UE shall assume that the requested assistance data are not supported, or currently not available at the LMF. If none of the UE requested assistance data in step (1) can be provided by the LMF, return any information that can be provided in an LPP message of type Provide Assistance Data which includes a cause indication for the not provided assistance data.



Proposal 9: 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.
For the above two types of PRS request, type1 can be carried by requestAsistanceData and type2 can be carried by ProvideLocationInformation. These two types of request can be carried in different LPP message while serve the same purpose of PRS request. 
Based on the above discussion, related procedures for UE-initiated on-demand PRS is described as follows. Please note that the common steps for both UE-initiated and LMF-initiated on-demand PRS are omitted, which can be found in Fig. 3.2.2- 1.
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[bookmark: _Ref71149141]Fig. 3.2.2- 1 The procedure for UE initiated on-demand DL PRS

· Step Pre-1: LMF provides some recommendation to UE by enhancing the existing LPP ProvideAssistanceData, e.g., PRS configuration that can be requested, triggering criteria for on-demand PRS, etc.
· Step Pre-2: UE performs the PRS measurements and/or RRM measurements, and determine whether to initiate a request for on-demand PRS based on the triggering criteria received in Step Pre-1.
· Step 1a: UE sends an on-demand PRS request through an LPP message (e.g. LPP RequestAssistanceData), which may include: 1) Requested/Recommended PRS configuration with different granularities (frequency layer, TRP, PRS resource set and PRS resource, etc.); 2) Any available assistance information, e.g., PRS measurements, RRM measurements.
4. Conclusion
This contribution mainly addresses several key issues and provides some potential solutions to enable UE-initiated and LMF-initiated on-demand PRS, respectively. Based on the above analysis and discussion, we propose the following observations and proposals:
Observation 1: Without any recommendation from the network, the UE may request on-demand PRS that cannot be satisfied by the network. 

Proposal 1: Adopt the TP of on-demand PRS for TS 38.305 in the Appendix. And send an LS to SA2.
Proposal 2: UE/gNB can send RRM measurements and the positioning measurements of the PRS to the LMF, with which the LMF makes suggestions on PRS transmission to the gNB. No stage3 impacts are needed for the measurement report.
Proposal 3: The parameters for LMF-initiated on-demand PRS request can be decided in RAN2 include ON/OFF request for PRS request, and start time and validity time. Send an LS to RAN1 to discuss the rest of parameters.
Proposal 4: Allow RAN to provide indication of the PRS types (e.g. periodic, semi-persistent, aperiodic PRS) of the TRPs.
Proposal 5: Enhance the NRPPa procedure to support LMF-initiated on-demand PRS request.
Proposal 6: Define the triggering criteria for UE-initiated on-demand PRS, e.g., threshold for measurement quality, confidence level, etc., to provide a guideline for UE to determine an on-demand PRS request. 
Proposal 7: For the UE-initiated on-demand PRS, LMF can provide some recommendation to UE by enhancing the existing LPP ProvideAssistanceData, e.g., PRS configuration that can be requested for on-demand PRS. 
Proposal 8: UE can down-select from the parameters from what LMF’s recommendation with different granularities of frequency layer, TRP, PRS resource set and PRS resource. 
Proposal 9: 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.
5. Appendix
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7.6	Procedures for on-demand PRS
[bookmark: _Toc37338168][bookmark: _Toc46489011][bookmark: _Toc52567364][bookmark: _Toc67987303]7.6.1	General
According to the request initiated from UE or LMF, on-demand DL PRS functionality supports the following two modes:
-	UE-initiated request of on-demand DL PRS transmission
-	LMF (network)-initiated request of on-demand DL PRS transmission
[bookmark: _Toc37338169][bookmark: _Toc46489012][bookmark: _Toc52567365][bookmark: _Toc67987304]7.6.2	On-demand PRS Procedure
The general procedure for UE-initiated or LMF (network)-initiated on-demand PRS is described in Figure 7.6.2-1.
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[bookmark: _Ref71379600]Figure 7.6.2-1 The procedure for UE/LMF initiated on-demand DL PRS

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.
NOTE 1: The above procedure is only applicable for RRC_CONNECTED UE.
*** Unchanged text is omitted ***
6. Reference 
[1] [bookmark: _Ref67064906]RAN2#113bis, Chairman notes.
[2] [bookmark: _Ref70414919]R2-2104507, Summary of AI 8.11.4 for on-demand PRS, Huawei, HiSilicon.
8
image3.emf
UE LMF

2. LPP Provide Assistance Data

1. LPP Request Assistance Data


image4.png
- o

Bre-1. onDemandPRS\Indication
(a. PRS config. can be requested b. TriggeredCriteriy)

| Pre-2:
1) Perform measurement;
2) Check the TriggeredCriteria

1a. onDemandpRS-Request (e.g. LPP RequestAssistancData)

Irrelevant steps omitted





image1.emf
 


image2.png
o

PRS Transmissions Configuration
(e.g TRP INFORMATION REQUEST)

PRS Transmissions Configuration ACK
(e.g TRP INFORMATION RESPONSE)





