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1. Background
1.1	Discussion History
In RAN2#113bis-e, the following has been agreed for on-demand PRS
	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.



Based on the discussion of RAN2#114-e [1], the following conclusions have been made for on-demand PRS.
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.
Agreements:
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.)
Additionally, RAN2 sends out a LS [2] to RAN1 to request for defining and providing the list of parameters for on-demand DL-PRS. Meanwhile, RAN2 also informs RAN3 about the RAN2 progress and agreements for on-demand DL-PRS request in [3].
2.2	Introduction
However, there are still some open issues including assistance information, the content of on-demand PRS request, response to on-demand PRS, etc. Therefore, this paper provides some potential solutions to address these issues.
2. Discussion
2.1 UE-initiated on-demand PRS
2.1.1	UE-initiated on-demand PRS and location service type
There are several types of location services, which are NI-LR/immediate MT-LR/deferred MT-LR and MO-LR. While for these types of location services, we think UE-initiated on-demand PRS request may only be applicable for deferred MT-LR. For the other cases, before the UE receives LPP RequestLocationInformation, UE would not perform measurement, or even does not have any assistance data for which PRS configuration to measure. If there is no measurement at all, it is hard to let the UE to make informed decision on whether to request and what to request. If UE-initiated PRS request is supported for NI-LR/MO-LR/immediate-LR, it would add additional requirements on the UE to be prepared for the request, i.e., PRS measurements when the LCS request is not even initiated.
While, for deferred MT-LR, LMF should provide some recommendation on the PRS configurations that could be requested by UE before the UE initiates an on-demand DL-PRS, and the UE could get the assistance information through LPP assistance data exchange or posSIB. After the UE performs measurement for one fix after the event is triggered, the UE can know whether the current PRS configuration is suitable or not, based on which the request can be sent accordingly. Thus, we propose the following for UE-initiated on-demand PRS request.
[bookmark: _Hlk79097120]Proposal 1: UE-initiated on-demand PRS can be supported for deferred MT-LR. RAN should study whether UE-initiated on-demand PRS is supported for the other location services, e.g., MO-LR, NI-LR, immediate MT-LR.
2.1.2	On-demand PRS request
In RAN2#113e, the following has been agreed with FFS
	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 assistance information for PRS request is provided to the UE with provideAssistanceData and sent to the network with ReqeustAssistanceData. It should be further studied whether the UE can request PRS configurations that is out of the assistance information the network has defined. 
From our perspective, we think that the UE can only request the PRS configuration based on the assistance information that the network has provided or recommended for on-demand PRS request. If the UE make any request beyond the assistance information, it is highly possible that the request PRS might exceed the network’s capability, e.g., a bandwidth that the gNB does not support. Hence, we propose the following:
Proposal 2: For UE-initiated on-demand PRS request, the UE can only request PRS configuration within the scope of assistance data for on-demand PRS request provided by the network. 
RAN2 has achieved the following agreement regarding what the UE can request to the network:
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.
Based on the above agreement, for UE-initiated on-demand PRS, the request from UE can be categorized into two categories:
· Type 1: Direct request of PRS configuration based on the recommendation of LMF.
· Type 2: Suggestion that can help LMF to make decision on the on-demand PRS requests from the UE as well as other UEs.
For Type 1, based on RAN2#114 agreements, LMF may recommend a set of predefined PRS configurations, and each PRS configuration is associated with an identifier. Then the UE can request for an expected PRS configuration by indicating the corresponding identifier. So we have the following observation.
Observation 1: UE can request a specific configuration ID associated with the predefined PRS configuration. 
Please note that the above observation only works for the case when the predefined PRS configuration exactly meets the UE’s expectation. However, there are some exceptional cases:
· Case 1: Only a part of parameters in some predefined PRS configurations can meet the UE’s expectation;
· Case 2: None of the parameters within the predefined PRS configurations can meet the UE’s expectation.
To deal with these cases and meet the needs of UE as much as possible, the UE should be able to request individual PRS configuration parameters by its own judgement if it is within the assistance data for on-demand PRS request.
Proposal 3: For UE-initiated on-demand PRS request, in addition to complete set of PRS configurations, the UE can also request individual PRS configuration parameters which are within the scope of the assistance data for on-demand PRS request provided by the network. 
The next question is what parameter exactly the UE can request, in the last meeting, RAN1 has achieved the following agreement for the parameters for PRS
	Agreement:
· For potential signaling of one or more parameters (such signaling is not yet agreed) for both UE- and LMF- initiated on-demand DL PRS request, consider at least the following (all parameters will not necessarily be supported and all parameters may not be applicable to both UE-initiated and LMF-initiated on-demand DL PRS request)
1. Start/end time of DL PRS transmission
2. DL PRS resource bandwidth
3. DL-PRS resource set IDs
4. DL PRS resource IDs
5. DL PRS transmission periodicity and offset
6. DL PRS resource repetition factor
7. Number of DL PRS symbols per DL PRS resource
8. DL PRS muting patterns
9. DL PRS QCL information
10. Number of TRPs
11. Number of PRS resources per PRS resource set
12. Number frequency layers or frequency layer indicator
13. Beam directions 
14. Combsize, start PRB, Point A of DL PRS
15. ON/OFF indicator of the DL PRS
· FFS additional parameters indicated for UE and/or LMF initiated on-demand DL PRS request




From RAN2’s perspective, we think that the recommended PRS configurations can be considered as a kind of assistance data and included in an LPP ProvideAssistanceData message and/or a new posSIB. Note that 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. So we have the following proposal:
Proposal 4: UE can request the parameters with different granularities of frequency layer, TRP, PRS resource set and PRS resource. 

2.1.3	On-demand PRS response
To avoid the initiation of frequent invalid request for UE, the LMF should provide the corresponding response for on-demand PRS. There are mainly three cases for an on-demand PRS request.
· Case 1: All the PRS configuration in the on-demand PRS request is fulfilled.
· 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.
For Case 1, we think the LMF can directly send the updated PRS configuration, which implicitly indicates that the request from UE is satisfied. The LMF can send ProvideAssistanceInformation to the UE to update the PRS configuration; While for Case 2 and Case 3, the LMF can include an error indication together with the error causes, e.g. the unfulfilled parameters previously requested by UE.
Proposal 5: LMF should provide an error indication with error causes in response to the on-demand PRS request if the PRS request is not fully accepted. 

2.2 LMF-initiated on-demand PRS
At RAN3#112-e, the following agreements have been achieved for on-demand DL PRS request.
	Agreements:
· Introduce a new non-UE associated NRPPa procedure (class 1) to support on-demand PRS. Details FFS. 
· The new NRPPa procedure enables LMF to request gNB to (re)configure PRS transmission, and gNB to indicate the updated PRS configuration to LMF. Details FFS.
· Details regarding information (e.g. parameters, PRS utilization, measurements in general, etc.) to be exchanged by the procedure is pending RAN1/RAN2.
· Editor’s note: all details on procedures and IEs are FFS



Also taking RAN2 agreements into consideration, there are mainly there issues for LMF-initiated on-demand PRS, which may also work for UE-initiated case: 
· Assistance information for LMF-initiated PRS Request; 
· On-demand DL-PRS request and response between LMF and RAN;
· TRP capability transfer.

2.2.1	Assistance information
For Assistance information, it has already been discussed in RAN2#114-e, and some agreements have been reached. 
RAN2#113-e Agreements:
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.)

To assist LMF to initiate an on-demand DL-PRS request, gNB should provide some assistance information, i.e., possible/allowed on-demand DL-PRS configurations that the gNB can support. For this signalling between the gNB and the LMF, we think that the existing NRPPa message TRP Information Exchange can be reused: LMF first sends TRP INFORMATION REQUEST to gNBs with request for on-demand PRS assistance information and gNB then send TRP INFORMATION RESPONSE with requested information if the gNB supports on-demand PRS or TRP INFORMATION FAILURE if the gNB doesn’t. 
Proposal 6: Use the existing NRPPa message TRP Information Exchange for the LMF to request the assistance information and the gNB with on-demand PRS capability to transfer the assistance information. 
Regarding the details of the assistance information for the PRS request, we think that the assistance information should share the same structure as the current PRS configuration in Clause 9.2.44 in TS 38.455, that only a set of configurations is provided to the LMF. 
Proposal 7: The assistance information for LMF-initiated on-demand PRS for possible/allowed PRS configuration should share the same structure of the PRS configuration in the TRP INFORMATION RESPONSE. 
Then, within the assistance information, it should be further indicated what can be request and what cannot be requested, or whether the PRS is already being transmitted or not transmitted. We thus propose the following
Proposal 8: For a certain PRS configuration in the TRP INFORMATION REPONSE, the following additional information should be included under the granularity of at least PRS resource, PRS resource set, frequency layer and TRP:
· Whether PRSs within the configuration is being transmitted;
· Whether this configuration can be requested. 

2.2.2	PRS request and response
RAN3 has agreed the change request [4] for the introduction of NR Positioning enhancements to NRPPa, where a new non-UE associated NRPPa procedure (class 1), i.e., the PRS Configuration Exchange procedure is defined to support the on-demand PRS, which includes PRS CONFIGURATION REQUEST, PRS CONFIGURATION RESPONSE, and PRS CONFIGURATION FAILURE. However, all details on procedures and IEs are FFS. We think the details may refer to the PRS configuration exchange between LMF and UE.
Observation 2: RAN3 has agreed to introduce a new non-UE associated NRPPa procedure to support the on-demand PRS. 

At RAN1#105-e, some agreements have been achieved on the parameters to request for on-demand DL PRS request.
	Agreement:
· For potential signaling of one or more parameters (such signaling is not yet agreed) for both UE- and LMF- initiated on-demand DL PRS request, consider at least the following (all parameters will not necessarily be supported and all parameters may not be applicable to both UE-initiated and LMF-initiated on-demand DL PRS request)
· Start/end time of DL PRS transmission
· DL PRS resource bandwidth
· DL-PRS resource set IDs
· DL PRS resource IDs
· DL PRS transmission periodicity and offset
· DL PRS resource repetition factor
· Number of DL PRS symbols per DL PRS resource
· DL PRS muting patterns
· DL PRS QCL information
· Number of TRPs
· Number of PRS resources per PRS resource set
· Number frequency layers or frequency layer indicator
· Beam directions 
· Combsize, start PRB, Point A of DL PRS
· ON/OFF indicator of the DL PRS
· FFS additional parameters indicated for UE and/or LMF initiated on-demand DL PRS request




From our point of view, at least the ON/OFF indicator of the DL PRS should be supported for LMF-initiated case, which is beneficial in terms of network efficiency when there is no UE is performing PRS measurement for a TRP or a beam of a TRP.

Proposal 9: At least the ON/OFF indicator of the DL PRS in the granularity of PRS resource, PRS resource set, frequency layer and TRP should be supported for LMF-initiated on-demand PRS.

2.2.3	TRP capability exchange
Then, for the third issue of TRP capability exchange, we think this is already implicit under the TRP Information Exchange message that has been mentioned above: If a gNB receives TRP INFORMATION REQUEST that includes request for on-demand PRS assistance information while the gNB responds with TRP INFORMATION FAILURE message, it means that the gNB does not support on-demand PRS request; otherwise, if the gNB responds with a TRP INFORMATION RESPONSE message with on-demand PRS assistance Information, it means that the gNB supports on-demand PRS. 
Proposal 10: TRP capability exchange is already implicitly included under the functionality of TRP Information Exchange that no special treatment is needed. 
3. General procedure for on-demand PRS
Based on the above discussion and the progress of RAN3 [4], the general procedure for UE-initiated or LMF (network)-initiated on-demand PRS is described as follows.
[bookmark: _GoBack] [image: ]
[bookmark: _Ref71149141]Fig. 3- 1 The procedure for UE/LMF initiated on-demand DL PRS

1.	The gNB provides the possible/allowed on-demand DL-PRS configurations that the gNBs can support through NRPPa procedures, e.g., TRP information exchange, which are applicable to both LMF-initiated and UE-initiated on-demand DL-PRS. After the on-demand PRS information exchange, the LMF can also provide assistance information for the UE-initiated on-demand PRS to the gNB as positioning system information for the gNB to broadcast;
2	The network side optionally delivers assistance information for UE-initiated on-demand PRS request, either by 
a	The LMF provides the assistance information that may contain a set of possible on-demand DL-PRS configurations (e.g., configuration ID, parameters to request, etc.) to the UE with LPP message  ProvideAssistanceInformation. 
b	The LMF provides the above assistance information with positioning SIB. 
3	Either the LMF or the UE initiates on-demand PRS request
a.	For UE-initiated on-demand PRS request, the UE sends an on-demand PRS request through an LPP message (e.g. LPP RequestAssistanceData) including the requested or recommended PRS configuration in the form of predefined PRS configurations or specific parameters, such as PRS pattern, ON/OFF, periodicity, BW, etc.
b.	For LMF-initiated on-demand PRS request, the LMF may first optionally receives measurements from the UE side or UE-initiated on-demand PRS request. Based on information such as UE measurements or positioning load in the network, etc., LMF decides on its own whether LMF-initiated on-demand PRS procedure is instigated.
4.	The LMF initiates the procedure by sending a PRS CONFIGURATION REQUEST message to the NG-RAN node. Note that LMF is not mandated to perform this step after receiving UE-initiated PRS request. 
5.	The gNB shall respond with a PRS CONFIGURATION RESPONSE or PRS CONFIGURATION FAILURE message accordingly.
6. For on-demand PRS request from the UE, LMF sends a response for the on-demand PRS request to UE through an LPP message (e.g. LPP ProvideAssistanceData), which may include the updated PRS configuration per request and/or provide an error indication with error causes for any unfulfilled request. For on-demand PRS from the LMF, the LMF should sends an LPP message of ProvideAssistanceData to all the UEs that the LMF find the assistance information needs to be updated. 
Proposal 11: Adopt the text proposal in Section 3 for on-demand PRS request for TS 38.305.
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: UE can request a specific configuration ID associated with the predefined PRS configuration. 
Observation 2: RAN3 has agreed to introduce a new non-UE associated NRPPa procedure to support the on-demand PRS. 
UE-initiated on-demand PRS request
Proposal 1: UE-initiated on-demand PRS can be supported for deferred MT-LR. RAN2 should study whether UE-initiated on-demand PRS is supported for the other location services, e.g., MO-LR, NI-LR, immediate MT-LR.
Proposal 2: For UE-initiated on-demand PRS request, the UE can only request PRS configuration within the scope of assistance data for on-demand PRS request provided by the network. 
Proposal 3: For UE-initiated on-demand PRS request, in addition to complete set of PRS configurations, the UE can also request individual PRS configuration parameters which are within the scope of the assistance data for on-demand PRS request provided by the network. 
Proposal 4: UE can request the parameters with different granularities of frequency layer, TRP, PRS resource set and PRS resource. 
Proposal 5: LMF should provide an error indication with error causes in response to the on-demand PRS request if the PRS request is not fully accepted. 

LMF-initiated on-demand PRS request
Proposal 6: Use the existing NRPPa message TRP Information Exchange for the LMF to request the assistance information and the gNB with on-demand PRS capability to transfer the assistance information. 
Proposal 7: The assistance information for LMF-initiated on-demand PRS for possible/allowed PRS configuration should share the same structure of the PRS configuration in the TRP INFORMATION RESPONSE. 
Proposal 8: For a certain PRS configuration in the TRP INFORMATION REPONSE, the following additional information should be included under the granularity of at least PRS resource, PRS resource set, frequency layer and TRP:
· Whether PRSs within the configuration is being transmitted;
· Whether this configuration can be requested. 
Proposal 9: At least the ON/OFF indicator of the DL PRS in the granularity of PRS resource, PRS resource set, frequency layer and TRP should be supported for LMF-initiated on-demand PRS.
Proposal 10: TRP capability exchange is already implicitly included under the functionality of TRP Information Exchange that no special treatment is needed. 
Stage2 Text Proposal
Proposal 11: Adopt the text proposal in Section 3 for on-demand PRS request for TS 38.305.
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