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1	Introduction
The work item on NR positioning enhancements includes the following objective [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;
And the following agreements have been made:
RAN2#111e:
RAN2 to study positioning in idle/inactive mode, on-demand PRS and latency analysis in the study phase.
RAN2#112e:
Agreements on on-demand PRS:
RAN2 study on-demand PRS mechanism for DL-based, UL&DL-based methods (e.g. multi-RTT), and UE-Based and UE-assisted positioning methods in this SI. 
RAN2#113b:
Agreements:
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.
RAN2#114:
Agreements:
The network can signal predefined PRS configurations to the UE and the UE can select one to request.  FFS if the UE can request a configuration with different parameters and exactly which parameters are flexible.

Agreements:
Proposal 2:	Define a new LPP assistance data IE which can contain a set of possible on-demand DL-PRS configurations, where each on-demand DL-PRS configuration has an associated identifier. 
Proposal 3 (modified): The new LPP assistance data IE from Proposal 2 can be included in an LPP Provide Assistance Data message and/or a new posSIB.

Agreement:
Proposal 4 (modified):	The procedure(s) for on-demand DL-PRS should support at least the following functionality (up to RAN3 what is in NRPPa vs. OAM, etc.):
-	Providing the requested on-demand DL-PRS configuration information from an LMF to the gNB (e.g., explicit parameter or identifier of a predefined DL-PRS configuration), and confirmation of the request by the gNB
-	Provision of (possible/allowed) on-demand DL-PRS configurations that the gNB can support from a gNB to an LMF
-	TRP capability transfer (e.g., whether the RAN node supports the reconfiguration of DL-PRS, etc.)
RAN2#115:
Agreements:
Before providing available DL-PRS configuration to the UE, the LMF may obtain configuration information on what DL-PRS can be supported from one or more TRPs via NRPPa.
Capture the steps provided above as a baseline, along with a note indicating it remains FFS if the UE can send the MO-LR to request on-demand PRS.
FFS if we indicate to SA2 that MO-LR can be used to trigger on-demand PRS procedure.
It is up to Network (LMF) implementation on the steps to follow (accept/reject/ignore) on receiving request from UE for changing the DL-PRS configurations.

Additionally, a reply LS [2] was sent to RAN1 to request RAN1 to decide the list of parameters that can be dynamically adjusted for UE-initiated/LMF-initiated on-demand DL PRS request. Moreover, RAN2 also informs RAN3 about the RAN2 progress and agreements for on-demand DL-PRS request in [3].
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]However, there still exist some open issues, e.g., the content of the on-demand PRS request, on-demand PRS response, etc.  Moreover, LMF initiated on-demand PRS mainly involves the interaction between LMF and TRP, which is within the scope of RAN3. Thus, in the contribution, we would like to further discuss thess stage 3 open issues on UE initiated on-demand PRS, as well as the stage 2 procedure of on-demand PRS (including UE initiated as well as LMF initiated).
2	Stage 2 procedure of on-demand PRS 
Based on the email discussion organized by Intel [Post115-e][609][POS] RAT-dependent stage 2 CR [4], the On-Demand PRS transmission procedures with some open issues is summarized based on company input, details can be seen in the Annex 1. 
However the step 0 as well as the step 4/5 is defined by RAN3, 
From our perspective, the step 0 as well as the step 4/5 is defined by RAN3, and a detailed description of the step 0, and step 4/5 may also be captured in TS 38.305. Thus, we propose to send LS to RAN3 to indicate the general procedure decided by RAN2 to RAN3, and ask RAN3 to take it into consideration in the future work. The draft LS can be seen in another contribution [5]. 
Proposal 1: Sent to RAN3 to inform RAN3 agreements on the TP of the on-demand PRS agreed by RAN2. 
3	Stage 3 open issues on UE initiated on-demand PRS 
3.1 Trigger conditions for UE initiated on-demand PRS
To avoid UE to initiate the on-demand PRS request autonomously, LMF should control whether UE can initiate the on-demand PRS request.
To facilitate such control, LMF shall provide the available assistance data to UEs supporting on-demand PRS. For UEs who received the available assistance data, they may initiate the on-demand PRS request. While for UEs who have not received the available assistance data, they won’t initiate the on-demand PRS request. Besides, for UEs who are allowed to initiate the on-demand PRS, the requested PRS configuration should be based on the available DL-PRS resources provided by LMF.
Proposal 2: Only the UEs who received the available DL-PRS can be allowed to initate the on-demand PRS, and the requested PRS configuration should be based on the available PRS for on-demand provided by LMF.
3.2 Available on-demand PRS configurations 
In RAN2#114e, the following agreements have been made on the available on-demand PRS configurations. 
Agreements:
Proposal 2:	Define a new LPP assistance data IE which can contain a set of possible on-demand DL-PRS configurations, where each on-demand DL-PRS configuration has an associated identifier. 
Proposal 3 (modified): The new LPP assistance data IE from Proposal 2 can be included in an LPP Provide Assistance Data message and/or a new posSIB.
However, the content of the available on-demand PRS as well as the stage 3 signalling design of the available on-demand PRS are still FFS now.
Issue 1: content of the available on-demand PRS
In general, the available on-demand PRS can be considered as a set of PRS configurations supported by the TRP. Thus we think all of the paramters within the PRS assistance data currently in spec TS37.355 can be included within the available on-demand PRS.
Proposal 3: All of the configuration paramaters within the PRS assistance data currently in spec TS37.355 can be included within the available PRS for on-demand.
Issue 2: stage 3 signalling design of the available on-demand PRS
Although we agreed to introduce a new LPP assistance data IE to contain the set of the possible on-demand PRS onfigurations, the stage 3 signalling design of the new LPP assistance data IE is still an FFS. From our perspective, the following signalling options of the available on-demand PRS can be considered.
Option 1: available value range of PRS parameters, with each value assigned an identifier used for UE to request, i.e., bandwidth of the PRS, with value range of {24 PRB, 28 PRB, 32 PRB…}, corresponding to identifier {1, 2, 3…};
Option 2: resue the current signalling structure of PRS assistance data provided by LMF, i.e., the NR-DL-PRS-AssistanceData;
For option 1, it has more flexible for UE to request the on-demand PRS, i.e., UE can request the PRS configurations per paramaters granularity. For option 2, the current PRS signalling structure, i.e., NR-DL-PRS-AssistanceData can be reused, the workload on signalling design is small compared with option 1.
Proposal 4: RAN2 to further discuss the signalling design of the available on-demand PRS based on the following two options:
· Option 1: available value range of PRS parameters, with each value assigned an identifier used for UE to request, i.e., bandwidth of the PRS, with value range of {24 PRB, 28 PRB, 32 PRB…}, corresponding to identifier {1, 2, 3…};
· Option 2: resue the current signalling structure of PRS assistance data provided by LMF, i.e., the NR-DL-PRS-AssistanceData;
3.3 On-demand PRS request
Issue 1: FFS UE can request explicit PRS parameters
As for the content of the on-demand PRS request, RAN2 agreed that the on-demand PRS request can be an identifier of a predefined DL-PRS configuration, but whether the on-demand PRS request can include the explicit PRS parameters is still an FFS.
Agreements:
The network can signal predefined PRS configurations to the UE and the UE can select one to request.  FFS if the UE can request a configuration with different parameters and exactly which parameters are flexible.

From our aspect, even restrict the UE to only request the identifier of the predefined DL-PRS configutation can lower the signalling overhead, but it is not flexible for UE, especially for the case that maybe only part of the pre-defined DL-PRS configurations can meet UE’s expectation. Thus, we think better to allow UE to request explicit PRS parameters within the scope of the predefined DL-PRS configuration. 
Proposal 5: For UE initiated on-demand PRS, except the identifier of the pre-defined DL-PRS configurations, UE can also request explicit PRS parameters which are within the scope of the pre-defined DL-PRS configurations.
Issue 2: FFS on the signalling design of the on-demand PRS request
RAN2 already agreed that the on-demand PRS request is enabled by enhancing LPP RequestAssistanceData. 
RAN2#113b:
Agreements:
UE-initiated on-demand PRS request is enabled by enhancing LPP RequestAssistanceData.  FFS how much control the network has over the UE request.

Similar to the signalling of the available PRS configurations, we think RAN2 can also introduce a new LPP IE which can contain the content of the on-demand PRS request, within the LPP RequestAssistanceData message. 
Proposal 6: For UE initiated on-demand PRS request, a new LPP IE which can contain the content of the on-demand PRS request, can be included within the LPP RequestAssistanceData message.
Moreover, it is obvious that the on-demand PRS feature only applies to DL and DL&UL positioning method. Thus, we propose the on-demand PRS request is per positioning method. 
Proposal 7: UE shall initiate the on-demand PRS request per positioning method.
3.4 On-demand PRS response
RAN2 has agreed to use the LPP ReqeuestAssistanceData message for UE initiated on-demand PRS request, thus it is natural to use the LPP ProvideAssistanceData message for the on-demand PRS response. 
Proposal 8: LPP ProvideAssistanceData message is reused to carry the on-demand PRS response.
There are mainly three cases for the on-demand PRS request:
· Case 1: All the PRS configutations within the on-demand PRS request is fulled;
· Case 2: Only a set of the parameters within the PRS configuration in the on-demand PRS request is fulfilled.
· Case 3: None of the parameters within the PRS configuration in the on-demand PRS request is fulfilled.
The signaling design of the on-demand PRS response should take the above three cases into consideration. Thus, we propose the following information can be included within the on-demand PRS response:
· For case 1, ACK of the requested on-demand PRS configuration;
· For case 2, identify of the set of the parameters within the PRS configuration in the on-demand PRS request that can be fulfilled, or the explicit paramaters that can be fulfilled;
· For case 3, NACK of the requested on-demand PRS configuration;
Further, to avoid frequent request for case 2 as well as case 3, it may be better for LMF to provide the error indication with error causes in response to the on-demand PRS request.
Proposal 9: The content of the on-demand PRS response shall at least include:
· ACK of the requested on-demand PRS configuration;
· Identify of the set of the parameters within the PRS configuration in the on-demand PRS request that can be fulfilled, or the explicit paramaters that can be fulfilled;
· NACK of the requested on-demand PRS configuration;
· Error indication with error causes for the PRS configurations in the on-demand PRS request that can not be fulfilled.
3.5 on-demand PRS capability
On-demand PRS is a new feature introduced in Rel-17, it is possible that not all UE supporting positioning should support on-demand PRS. Thus, we think a new positioning capability indicating whther the UE support on-demand PRS should be introduced in TS37.355 [6]. 
Proposal 10: The positioning capability that indicates whether UE supports the on-demand PRS should be introduced in TS37.355.

4	Conclusion
In the previous sections, we made the following observations and proposals:
Proposal 1: Sent to RAN3 to inform RAN3 agreements on the TP of the on-demand PRS agreed by RAN2. 
Proposal 2: Only the UEs who received the available DL-PRS can be allowed to initate the on-demand PRS, and the requested PRS configuration should be based on the available PRS for on-demand provided by LMF.
[bookmark: _GoBack]Proposal 3: All of the configuration paramaters within the PRS assistance data currently in spec TS37.355 can be included within the available PRS for on-demand.
Proposal 4: RAN2 to further discuss the signalling design of the available on-demand PRS based on the following two options:
· Option 1: available value range of PRS parameters, with each value assigned an identifier used for UE to request, i.e., bandwidth of the PRS, with value range of {24 PRB, 28 PRB, 32 PRB…}, corresponding to identifier {1, 2, 3…};
· Option 2: resue the current signalling structure of PRS assistance data provided by LMF, i.e., the NR-DL-PRS-AssistanceData;
Proposal 5: For UE initiated on-demand PRS, except the identifier of the pre-defined DL-PRS configurations, UE can also request explicit PRS parameters which are within the scope of the pre-defined DL-PRS configurations.
Proposal 6: For UE initiated on-demand PRS request, a new LPP IE which can contain the content of the on-demand PRS request, can be included within the LPP RequestAssistanceData message.
Proposal 7: UE shall initiate the on-demand PRS request per positioning method.
Proposal 8: LPP ProvideAssistanceData message is reused to carry the on-demand PRS response.
Proposal 9: The content of the on-demand PRS response shall at least include:
· ACK of the requested on-demand PRS configuration;
· Identify of the set of the parameters within the PRS configuration in the on-demand PRS request that can be fulfilled, or the explicit paramaters that can be fulfilled;
· NACK of the requested on-demand PRS configuration;
· Error indication with error causes for the PRS configurations in the on-demand PRS request that can not be fulfilled.
Proposal 10: The positioning capability that indicates whether UE supports the on-demand PRS should be introduced in TS37.355.
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5	Annex 1
TS38.305 TP on On-Demand DL-PRS transmission (based on outcome of [Post115-e][609][POS] RAT-dependent stage 2 CR)
7.x Procedures for On-Demand PRS transmission
7.x.1	General
On-Demand PRS transmission procedure allows a UE or LMF to request the PRS transmission or the change to PRS transmission characteristics for positioning measurements. Either UE or LMF can initiate the On-Demand PRS transmission request.
7.x.2	On-Demand PRS transmission procedures
Figure 7.x.2-1 shows the general positioning procedure for On-Demand PRS transmission.


Figure 7.x.2-1: Procedures to support On-Demand PRS transmission.
0.	The LMF may receive information on the possible On-Demand PRS configurations that the gNB can support during the TRP Configuration Information Exchange procedure.
1.	In case of UE-initiated On-demand PRS, the LMF may configure the UE with pre-defined PRS configurations via LPP Provide Assistance Data message or via posSI.
2.	In case of UE-initiated on-demand PRS, the UE sends an On-Demand PRS request to the LMF via LPP Request Assistance Data message. The On-Demand PRS request may be a request for PRS transmission or change to the PRS transmission characteristics for positioning measurements.
3.	The LMF determines the need for PRS transmission or change to PRS transmission characteristics. In case of LMF-initiated On-demand PRS, the LMF may obtain assistance information, e.g. UE measurements prior to step 3.
4.	If the LMF determines to perform on-demand PRS request, the LMF requests the serving and non-serving gNBs/TRPs for new PRS transmission or PRS transmission with changes to the PRS configuration via NRPPa PRS CONFIGURATION REQUEST message.
5.	The gNBs/TRPs provide the PRS transmission update in the NRPPa PRS CONFIGURATION RESPONSE message accordingly if the request from the LMF is accepted.
6.	LMF provides the updated PRS configuration used for PRS transmission via LPP Provide Assistance Data message or posSI to the UE.
NOTE 1:	LMF may use existing positioning methods to obtain (ECID) SSB/CSI-RS RSRP measurements or (DL-AoD) DL-PRS RSRP measurements in order to assist step 3.
NOTE 2:	It is up to Network (LMF) implementation on the steps to follow (accept/reject/ignore) on receiving UE-initiated On-Demand PRS request.
Editor's Note:	Depending upon RAN3 input, the above description may need to be updated especially for NRPPa procedure, e.g. the name of the message, exchange between RAN and LMF on allowed PRS configuration, etc.
Editor's Note:	FFS if the UE can send the MO-LR to request On-Demand PRS.
Editor's Note:	FFS on the condition when UE can trigger the On-Demand PRS request.
Editor's Note:	FFS on the content of  On-Demand PRS request.
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