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1 Introduction
The Rel-17 WID on NR Positioning Enhancements has the following objectives on on-demand PRS [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; 

NOTE: The exact parameters that can be dynamically changed and necessary measurement and/or assistance information for LMF/UE initiated on demand DL-PRS shall be decided during WI phase.


In RAN2#113-bis-e meeting, the following agreements were made:

	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.


In this contribution, we discuss the procedures for UE-initiated and LMF-initiated on-demand PRS that can be specified for DL-based positioning.
2 Discussion
On-demand PRS can enable PRS configuration to be dynamically updated by LMF based on feedback or indications (e.g. periodic measurements reports) from UE in different radio environments or indications from gNB (e.g. on suggested PRS configurations) for improving positioning accuracy. On-demand PRS can also be applied to minimize latency associated with reconfiguration procedure by dynamically changing the PRS configuration.

For improving efficiency at network/UE, on-demand PRS can be used to update certain parameters of PRS configuration (e.g. beams, periodicities of PRS transmissions) for minimizing the overhead/resource wastage at network and increase power savings at UE (e.g. for not having to measure/transmit over high number of resources/beams).

2.1. On-demand PRS for DL-based positioning
The semi-static PRS configuration applied in Rel-16 positioning may pose a limitation for achieving high accuracy and low latency positioning in certain dynamic environments (e.g. factory floor) due to the presence of moving barriers and blockages to LOS paths. 
The existing techniques used for reactively reconfiguring the PRS based on the measurement reports/location estimates sent by UE to LMF do not adequately satisfy the low latency requirement targeted for Rel-17.

Observation 1: 
It is challenging to satisfy Rel-17 targets for low latency and high accuracy using Rel-16 procedures for updating the PRS configuration reactively at LMF
To address accuracy and latency, a UE-initiated and LMF-initiated on-demand PRS procedures that allow UE or LMF to dynamically change the PRS configuration are found to be beneficial during SI phase [2] and included in the WI scope [1]. 

UE-Initiated on-demand PRS for DL-based positioning
In UE-initiated on-demand PRS, the UE can send a request to LMF in LPP messages (e.g. LPP RequestAssistanceData message). As discussed in the previous RAN2#113-bis-e meeting, the UE can indicate in the on-demand request to change a subset of parameters in a PRS configuration or a PRS configuration according to UE radio environment (e.g. low coverage, poor quality of measurements) and/or positioning QoS (e.g. accuracy). Based on the on-demand PRS request received from UE, the decision on whether to change the PRS parameters or PRS configuration can be up to the LMF.  
In this regard, the following request types can be considered for the UE-initiated on-demand PRS:

· Direct on-demand request: 

· UE can directly indicate to LMF the PRS parameters (resource ID, periodicity, TRP ID) or PRS configuration (ID) to be updated
· UE can send direct on-demand PRS request in LPP RequestAssistanceData message 
· Indirect on-demand request: 
· UE can send indirect on-demand PRS request in LPP ProvideLocationInformation message (i.e. measurement reports, uncertainty in measurements)

For ensuring that suitable request is made by UE via the on-demand PRS, the LMF can provide to UE the candidate PRS parameters and/or candidate PRS configurations that are allowed by LMF to be dynamically changed. The LMF can also indicate to the UE the type of on-demand PRS request (i.e. direct or indirect) allowed by LMF. Whether the network configures the UE to use direct or indirect requests depends on how much autonomy the network allows the UE to have.

For example, in the case of direct on-demand PRS, the candidate PRS configurations indicated to UE that are allowed by LMF to be updated can include aperiodic and semi-persistent PRS, or specific PRS related parameters allowing the UE to chose an optimum parameter. Likewise, in the case of indirect on-demand PRS, the UE can be configured to send an implicit indication to the network based on the measurements made as part of the measurement report sent to the LMF, allowing the LMF to make decisions on reconfiguration of PRS parameters.
In both cases, the LMF can provide the triggering or measurement conditions indicating the mapping between the measurements made by UE and the PRS parameters/configurations that can be requested/indicated. 
Observation 2 : 
UE-initiated request of on-demand PRS for dynamically changing the PRS configuration might require configuration of candidate PRS parameters/configurations along with certain measurements conditions
For example, the triggering/measurement conditions provided to UE can indicate increasing the periodicity or repetition of PRS when the RSRP measured over PRS is below a certain threshold, possibly due to blockage. The measurement conditions can also consist of rules to identify a preconfigured PRS (e.g. ID of aperiodic/semi-persistent PRS configuration) when the TDOA measurements made deviate by a certain threshold. In this case, a UE initially configured for making measurements on periodic PRS (i.e. non-on demand PRS) can send an on-demand request for a aperiodic/semi-persistent PRS when the initial measurements made are inadequate for meeting an accuracy requirement. 

The procedure for UE-initiated on-demand PRS can include configuring the measurement conditions for assisting the UE to identify the parameters in a PRS configuration or triggering the use of a preconfigured PRS configuration. The measurement conditions and on-demand PRS request type can be provided to UE by LMF using existing LPP assistance data transfer procedure with enhanced LPP messages (e.g. in LPP ProvideAssistanceData). 
Proposal 1: 
Support configuring of candidate PRS parameters and/or candidate PRS configurations in assistance data that can be indicated by UE in on-demand PRS

Proposal 2: 
Support configuring of measurement conditions that can be monitored by UE (e.g. RSRP on DL-PRS) for identifying the PRS parameters/configurations in the on-demand PRS. FFS on the set of measurements conditions to be configured in UE
Proposal 3: 
Support sending of measurement conditions from LMF to UE as assistance data using enhancements of existing LPP procedures and signalling (e.g.  LPP ProvideAssistanceData) 

The UE can send an on-demand request to update parameters in a PRS configuration or indicate using a PRS configuration in DL-PRS transmission when one or more of the measurement conditions configured at UE are met. The on-demand PRS can be supported for both UE-based and UE-assisted positioning.  

Proposal 4: 
Support UE-initiated on-demand PRS request to change/update parameters to be applied in a DL-PRS transmission
Proposal 5: 
Support UE-initiated on-demand request to indicate a PRS configuration to be applied in a DL-PRS transmission

For requesting to change a semi-static configuration (e.g. PRS configurations are not preconfigured), the UE can send a semi-static on-demand request to LMF (e.g. in LPP RequestAssistanceData). On the other hand, for requesting to change a dynamic configuration (e.g. PRS configurations are preconfigured), the UE can send a dynamic on-demand request to gNB (e.g. in MAC CE). The updated/selected PRS configuration can then be indicated by LMF/RAN to UE after reconfiguration and possible coordination with RAN (via NRPPa).

Proposal 6:
Support semi-static on-demand PRS request from UE to LMF

Proposal 7: 
Support dynamic on-demand PRS request from UE to gNB
In addition, whether/how measurement gap (MG) should be reconfigured after applying on-demand PRS needs to be discussed. Considering the that the current RRC procedure for MG configuration takes significant amount of latency, faster MG configuration for on-demand PRS should be considered.
Observation 3:
Reconfiguration of measurement gap for on-demand PRS should be done with low latency 
LMF-Initiated on-demand PRS for DL-based positioning
In LMF-initiated on-demand PRS, the LMF can dynamically change the PRS configuration based on measurement reports sent by UE. The procedure for LMF-initiated request for on-demand PRS can include the LMF reconfiguring/updating PRS configuration by changing certain parameters or dynamically activating a preconfigured PRS. 

During previous RAN2#113-bis-e meeting, it was discussed that the UE-initiated and LMF-initiated PRS request to be considered under the same framework. In this regard, in both UE-initiated and LMF-initiated PRS the LMF can update the PRS parameters/configurations based on the indications received from UE. The indications/feedback that can be provided by UE to assist LMF can include measurement reports/location estimates, and indirect on-demand request (e.g. consisting of preferred PRS parameters).     

LMF can coordinate with gNBs/TRPs in RAN (via NRPPa) when reconfiguring/updating the PRS or selecting/activating a preconfigured PRS based on the indications provided by UE. The updated PRS configuration can then be indicated to the UE.
Observation 4: 
LMF-initiated request of on-demand PRS for reconfiguring PRS configuration dynamically may require certain coordination between LMF and RAN (e.g. via NRPPa signalling)
For LMF-initiated on-demand request, certain enhancements to LPP procedure can be considered so that the updated PRS configuration can be indicated to the UE with low latency and high resource efficiency. For example, when the LMF triggers turning on/off of PRS transmission from a gNB/TRP, the UE can be indicated either in LPP or RRC signalling with the delta change with respect to the existing assistance data. 
For ensuring low latency operation, the UE can be preconfigured multiple PRS configurations and the LMF can indicate the activated PRS configuration after coordinating with gNBs/TRPs in RAN. In this case, the LMF can provide the PRS parameters or PRS pre-configurations to a set of gNB/TRPs in advance and activate the parameters/configurations at gNB/TRPs (via NRPPa) upon receiving the indications/feedback from UE. 

For aperiodic or semi-persistent PRS the indication when changing a parameter in a PRS configuration or activating a preconfigured PRS can be sent by gNB to UE (e.g. in MAC CE) after coordination with LMF (via NRPPa). The gNB can indicate to UE either an identifier of PRS configuration parameter to be changed (e.g. resource ID) or the ID of a preconfigured PRS configuration. 
Proposal 8: 
Support LMF-initiated reconfiguration of PRS based on indication/feedback sent by UE (e.g. measurement report/location estimates)
Proposal 9: 
Support activation of pre-configured PRS by the LMF based on indication/feedback sent by UE (e.g. measurement report/location estimates) 
Parameters that can be changed/updated with request for on-demand PRS
Changing certain parameters in a PRS configuration, according to the dynamic conditions in UE radio environment (e.g. poor quality of measurements, etc.), can allow improving positioning accuracy and resource efficiency with low latency. 
Considering a common framework applicable for both UE-initiated and LMF-initiated scenarios, the set of parameters that can be updated with on-demand PRS can include the following:
· PRS periodicity, density, start/stop time, time offset, repetitions, muting bandwidth, comb patterns
· TX power indication or frequency of PRS or, e.g. when measuring low RSRP on the PRS

· Number of beams, turn on/off beams, or change the beams transmitted from a TRP/cell
· Number of TRPs/gNBs, IDs of TRPs/gNBs transmitting PRS

· Turn on/off or mute certain PRS from a TRP/cell, e.g. when measuring high interference
· Measurement gap configuration parameters, e.g. associated with updated PRS configuration
The decision for determining which of the parameters to be updated with on-demand PRS should be made by RAN2 in coordination with RAN1. While certain parameters can be decided by RAN2, majority of them can be left to RAN1 to decide and RAN2 can work on the on-demand PRS procedures and signalling for supporting them. 
As as starting point, the following parameters which were discussed during SI phase [2] can be considered to be supported with UE-initiated and LMF-initiated on-demand PRS request: PRS resource/resource set, periodicity, repetition, muting, Tx power indication, number of beams, beam on/off, number of TRPs/gNBs and TRP/gNB IDs
Proposal 10: 
Parameters in DL-PRS that can be dynamically changed by sending a request for on-demand PRS includes at least: PRS resource/resource-set, periodicity, repetition, muting, Tx power indication, number of beams, turn on/off beams, number of TRPs/gNBs, TRP/gNB IDs
Reporting of measurements using on-demand PRS
In scenarios when supporting on-demand PRS, a UE can be configured with different PRS parameters and PRS configurations, consisting of conventional non-on-demand PRS (semi-statically configured) and on-demand PRS (dynamically updated via UE-initiated or LMF-initiated request for on-demand PRS). 
Upon completion of measurements using non-on-demand PRS and on-demand PRS configurations, the UE sends measurement reports/location estimates to network. At the LMF, being able to distinguish the measurements made by UE in terms of the non-on-demand PRS and on-demand PRS configurations used would allow the LMF to have a higher granular view of the UE’s radio environment and possibly perform further updates to the PRS configurations to improve accuracy and efficiency. 
Observation 5: 
At LMF, the awareness the parameters/configurations used by UE when performing measurements using the non-on-demand PRS (semi-static) and on-demand PRS (dynamic) is beneficial for improving accuracy and efficiency 
In this regard, it would necessary for the UE to label/indicate in the LPP messages sent to LMF the information on the PRS configurations used (i.e. non-on-demand/on-demand PRS) during measurements. For example, this information can include the ID of the PRS parameters/configurations used (e.g. beam/TRP index/ID used for non-on-demand PRS and on-demand PRS) and timing information indicating the start time and duration when applying the PRS parameters/configurations. This may be the case when the LMF updates the parameter (e.g., periodicity) of a PRS resource. The LMF can configure the UE to measure only on-demand PRS instead of non-on-demand PRS once on-demand PRS is configured by the LMF. This could be the case when non-on-demand PRS experiences blockage in the channel.
Proposal 11: 
UE indicates in the measurement reports sent to LMF the information on the PRS configurations used (i.e. non-on-demand PRS/on-demand PRS) during measurements 

Proposal 12: 
UE receives an indication from the LMF to report measurements made using only on-demand PRS
Finally, for UE-based positioning, the UE can indicate whether location information included in the measurement report is derived based on on-demand PRS or non-on-demand PRS or both. The source of measurements used to derive location information will assist the LMF to optimize PRS resources, i.e., whether to leave the on-demand PRS turned on or off, depending on the UE’s decision.
Proposal 13: 
For UE-based positioning, UE includes whether on-demand PRS is used to estimate location information
LOS/NLOS identification in on demand PRS

In certain deployment scenarios, the detection of LOS and NLOS paths is crucial and impacts the accuracy of positioning since NLOS paths provides erroneous timing information to UE. In the multipath environment, it may be possible for the UE to detect multipaths in a broad beam or in different narrow beams during PRS reception. 
In such cases, it is beneficial to assign identification number to the discovered path such that the path ID can be related to the PRS resource ID for the purpose of identifying LOS/NLOS paths. Identification of path in on-demand PRS can assist the LMF to understand characteristics of the channel, and consequently optimize the PRS configurations.

Observation 6:
UE can identify the LOS/NLOS paths and indicate to LMF in the request for reconfiguring PRS
Conclusion
In this contribution, the following observation were made on: 

Observation 1: 
It is challenging to satisfy Rel-17 targets for low latency and high accuracy using Rel-16 procedures for updating the PRS configuration reactively at LMF
Observation 2 : 
UE-initiated request of on-demand PRS for dynamically changing the PRS configuration might require configuration of candidate PRS parameters/configurations along with certain measurements conditions
Observation 3:
Reconfiguration of measurement gap for on-demand PRS should be done with low latency 
Observation 4: 
LMF-initiated request of on-demand PRS for reconfiguring PRS configuration dynamically may require certain coordination between LMF and RAN (e.g. via NRPPa signalling)
Observation 5: 
At LMF, the awareness the parameters/configurations used by UE when performing measurements using the non-on-demand PRS (semi-static) and on-demand PRS (dynamic) is beneficial for improving accuracy and efficiency 
Observation 6:
UE can identify the LOS/NLOS paths and indicate to LMF in the request for reconfiguring PRS
Based on these observations, the following conclusions were made:

Proposal 1: 
Support configuring of candidate PRS parameters and/or candidate PRS configurations in assistance data that can be indicated by UE in on-demand PRS

Proposal 2: 
Support configuring of measurement conditions that can be monitored by UE (e.g. RSRP on DL-PRS) for identifying the PRS parameters/configurations in the on-demand PRS. FFS on the set of measurements conditions to be configured in UE

Proposal 3: 
Support sending of measurement conditions from LMF to UE as assistance data using enhancements of existing LPP procedures and signalling (e.g.  LPP ProvideAssistanceData) 

Proposal 4: 
Support UE-initiated on-demand PRS request to change/update parameters to be applied in a DL-PRS transmission

Proposal 5: 
Support UE-initiated on-demand request to indicate a PRS configuration to be applied in a DL-PRS transmission

Proposal 6:
Support semi-static on-demand PRS request from UE to LMF

Proposal 7: 
Support dynamic on-demand PRS request from UE to gNB
Proposal 8: 
Support LMF-initiated reconfiguration of PRS based on indication/feedback sent by UE (e.g. measurement report/location estimates)
Proposal 9: 
Support activation of pre-configured PRS by the LMF based on indication/feedback sent by UE (e.g. measurement report/location estimates) 
Proposal 10: 
Parameters in DL-PRS that can be dynamically changed by sending a request for on-demand PRS includes at least: PRS resource/resource-set, periodicity, repetition, muting, Tx power indication, number of beams, turn on/off beams, number of TRPs/gNBs, TRP/gNB IDs
Proposal 11: 
UE indicates in the measurement reports sent to LMF the information on the PRS configurations used (i.e. non-on-demand PRS/on-demand PRS) during measurements 

Proposal 12: 
UE receives an indication from the LMF to report measurements made using only on-demand PRS

Proposal 13: 
For UE-based positioning, UE includes whether on-demand PRS is used to estimate location information
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