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1 Introduction

In RAN2#115-e meeting [1], the following agreements were made:

	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.


In RAN2#114-e meeting [2], the following agreements were made:
	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.

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. 

The new LPP assistance data IE from Proposal 2 can be included in an LPP Provide Assistance Data message and/or a new posSIB.

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.)


In this contribution, we discuss the aspects for supporting on-demand PRS that can be specified for DL-based positioning.
2 Discussion
From the discussions in previous RAN2 meetings, on-demand PRS can enable PRS configuration to be dynamically updated by LMF based on indications from UE when operating in different radio environments and for meeting certain positioning QoS (accuracy, latency). On-demand PRS can also be applied to minimize latency associated with PRS reconfiguration procedure.
For improving efficiency at network/UE, on-demand PRS can be used to update certain parameters of PRS configuration (e.g. bandwidth, periodicities of PRS) for minimizing the overhead/resource wastage at network and increase power savings at UE (e.g. by not measuring high amount of resources/beams).

2.1. On-demand PRS for DL-based positioning
In previous RAN2 meeting [2], it was agreed that the UE can be preconfigured by LMF with different on-demand PRS configurations via LPP Provide Assistance Data message and/or posSIB. The UE can then send an on-demand PRS (e.g. in LPP RequestAssistanceData message) for requesting a PRS configuration or parameters in a PRS configuration. Based on the on-demand PRS request received from UE, the decision on whether to update the PRS configuration or PRS parameters can be up to the LMF.  

For supporting on-demand PRS, the LMF can provide to the UE the PRS configurations/parameters allowed by the LMF to be requested and changed dynamically. These PRS configurations can include aperiodic and semi-persistent PRS, or specific PRS parameters that the UE is allowed to choose and indicate in on-demand PRS. 
The on-demand PRS configurations/parameters received by UE can be considered to be valid for usage at the time of reception of assistance data and when sending the on-demand PRS since they may be used within the current LPP session or when establishing a new LPP session with a current MO-LR request (e.g. when receiving the PRS configurations/parameters via posSIB). For MO-LR, where an LPP session is currently not established, the UE can send on-demand PRS along with the MO-LR LCS message. In this case, the PRS configurations/parameters (IDs) which can be indicated by UE in the on-demand PRS may be those received by UE in posSIB or preconfigured in UE.  

In another scenario, where the allowed PRS configurations/parameters are not available or not provided to UE, it may still be beneficial for the UE to indicate the PRS configurations/parameters that may be desired by UE. For example, a UE performing measuremenets of DL-PRS may determine that the measurements are insufficient for meeting the positioning accuracy requirement. In this case, the UE should be able to indicate in on-demand PRS a request for desired PRS configuration/parameter (e.g. PRS with high periodicity or high bandwidth), irrespectice of whether the desired PRS configuration/parameter is allowed by network or found to be valid/invalid as per any validity conditions. This is because it may be possible that the PRS configurations/parameters provided to UE in dedicated signalling (e.g. LPP assistance data) or via posSIB may correspond to only a subset of PRS configurations/parameters allowed and/or supported by network (i.e. PRS configurations provided can be up to network implementation).  

Proposal 1: 
UE can send on-demand PRS to request for PRS configuration or PRS parameters, irrespectice of whether the requested PRS configuration/parameter are available via dedicated LPP signalling or posSIB or found to be valid/invalid as per any validity conditions
The UE, which may be preconfigured with the PRS configurations/parameters either in the current or previous LPP sessions, may indicate the desired PRS configurations/parameters (e.g. IDs), even when determining the preconfigurations are invalid (e.g. with respect to any validity conditions) or not provided to UE in the current LPP session or via posSIB. In the case of MO-LR the UE should be able to send an on-demand request with MO-LR for PRS configuration/parameters outside of what is available via posSIB, e.g. when the on-demand PRS configurations available via posSIB cannot meet positioning accuracy requirement
Proposal 2: 
For MO-LR, UE can send on-demand PRS with MO-LR to request for PRS configuration or PRS parameters outside of what is indicated in posSIB
To assist the UE for triggering an on-demand PRS request, the LMF can provide certain triggering conditions which the UE can monitor. For example, the triggering conditions can include a set of measurement parameters (e.g. RSRP, TDoA, LOS/NLOS, multipaths) and measurement threshold values that the UE can monitor. The triggering conditions can also include positioning QoS parameters (e.g. accuracy, measurement latency) and thresholds that the UE can evaluate. Triggering conditions can also be associated with the validity conditions (e.g. area validity, time validity) which may be provided to UE when preconfiguring the PRS configutions/parameters for on-demand PRS. The approaches as to how the UE determines the PRS configuration/parameters to indicate in on-demand PRS based on detection of the triggering conditions (e.g. radio conditions, positioning QoS) can be left to implementation. 
It is important to identify and discuss the triggering conditions in RAN2 as to when/how the UE sends the on-demand PRS for ensuring deterministic UE behavior. Otherwise, different UEs may end up sending on-demand PRS due to different triggers, which can result in unnessarily high overhead.  

Observation 1 : 
Configuring triggering conditions can be useful for assisting the UE to trigger on-demand PRS when certain measurements or QoS evaluations indicate inadequacy of the existing PRS configuration
Observation 2: 
For ensuring deterministic UE behavior, it is important to identify and discuss the triggering conditions as to when/how the UE sends the on-demand PRS
The following are some examples of triggering conditions and the PRS configurations/parameters that can be indicated by UE in on-demand PRS:

· If RSRP measured over a PRS received from a TRP is below a configured threshold, UE indicates a PRS configuration with more frequent PRS transmission and higer number of repetition 

· If the evaluated positioning accuracy is below a threshold, UE indicates a PRS configuration with higher bandwidth
The procedure for UE-initiated on-demand PRS can include configuring in the UE the PRS configurations (i.e. conventional and on-demand) and triggering conditions, which can be provided by LMF using existing LPP assistance data transfer procedure (e.g. in LPP ProvideAssistanceData message) or via posSIB. The UE can then make initial measurements on conventional PRS configuration (e.g. periodic PRS) or RRM configuration (e.g. SSB). Based on the detection of triggering conditions the UE can select and indicate a PRS configuration/parameter in the on-demand PRS. 

Proposal 3: 
Support triggering conditions (e.g. parameters and thresholds) that can be used by UE for sending on-demand PRS 
Proposal 4: 
The parameters in triggering conditions that can be monitored by UE for sending on-demand PRS includes: RSRP, TDoA (for timing-based positioning method), number of multipaths and positioning QoS (e.g. accuracy, measurement latency)

Proposal 5: 
Triggering conditions for supporting on-demand PRS are provided to UE as assistance information using LPP assistance data transfer procedure or via posSIB
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
After receiving the on-demand PRS from the UE, the LMF can determine whether the requested PRS configuration/parameters can be fulfilled/rejected based on a number of factors (e.g. evaluation impacts of changing the PRS configurations/parameters on other UEs) left to LMF implementation. 

As a response to the on-demand PRS sent by UE, the LMF can send a confirmation or rejection message for indicating whether or not the PRS configuration/parameter is fulfilled. The confirmation message can serve as the trigger for the UE to start performing measurements using the requested on-demand PRS configuration/parameters. For example, the confirmation message can include an ACK message or IDs of the PRS configurations/parameters that can be updated. In the case when the UE sends the desired PRS configuration/parameters, the confirmation message sent by LMF can include the allowed/supported on-demand PRS configuration/parameters, if the desired PRS configuration/parameters are not currently supported by network.  
When the requested on-demand PRS is unable to be fulfilled by LMF, the LMF can send a rejection message and indicate the subsequent actions that the UE can perform. For example, the LMF can indicate a re-evaluation time duration for the UE to wait before sending another on-demand PRS. The UE can perform measurements using the existing PRS configurations after the re-evaluation time, and identify whether the triggering conditions may still be apply. The UE can then resend the on-demand PRS if any of the triggering conditions are met.  

Proposal 8: 
LMF can send a confirmation/rejection message to UE for indicating whether or not the PRS configuration/parameter indicated in on-demand PRS is fulfilled

In addition, whether/how measurement gap (MG) should be reconfigured after applying on-demand PRS needs to be discussed. Considering that the current RRC procedure for MG configuration takes significant amount of latency, fast MG configuration activation for on-demand PRS should be considered.
Observation 3:
Reconfiguration of measurement gap for on-demand PRS should be done with low latency 
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, as identified by RAN1 during RAN1#106-e [3] and RAN1#106b-e [4]:

	Agreement:

At least the following list of on-demand DL PRS parameters is supported for UE-initiated and LMF-initiated on-demand DL PRS requests
1.
 DL PRS Periodicity

2.
 DL PRS resource bandwidth

3.
 DL PRS QCL information

Conclude on remaining parameters at RAN1#106-bis-e
Agreement:
· The following list of parameters is supported for UE-initiated and LMF initiated on-demand DL PRS request

· Start/end time of DL PRS transmission

· DL PRS resource repetition factor

· Number of DL PRS resource symbols per DL PRS resource 

· DL-PRS CombSizeN

· Number of DL PRS frequency layers

· ON/OFF indicator (for LMF initiated request only)

· FFS values for requested on-demand DL PRS parameters and whether parameters are resource-specific, TRP-specific, or PFL-specific


The decision for determining which of the parameters to be updated with on-demand PRS should be made by RAN2 in coordination with RAN1. From the list of identified parameters, RAN2 can work on the on-demand PRS procedures and signalling for supporting them. 
In addition, the following agreement was made in RAN1#105e [5]. Reducing the number of samples in measurements contributes to latency of reduction. On the other hand, it may also contribute to loss in accuracy. Since the tradeoff can be identified at the UE through measurements, the number of samples in measurements should be included as one of the on-demand parameters.

	Agreement:
M-sample (1<=M<4) PRS processing corresponding to measurements performed within M instances of the DL PRS resource set on a PRS resource, subject to UE capability, is beneficial from a RAN1 perspective for latency reduction.

· One sample corresponds to one instance

· Send an LS to RAN4 informing that

· M-sample (1<=M<4) measurements corresponding to measurements performed within M (1<=M<4) instances of the DL PRS resource set on a PRS resource are beneficial for reduction of measurement latency from RAN1 point of view.

· RAN4 is requested to check the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set and identify the impact on requirements/side condition.

· RAN1 to further study at least the following aspects for allowing M-sample (1<=M<4) PRS processing

· Details of UE capability

· Signaling details, e.g., to indicate whether measurement is based on one or more samples

· Whether the PRS sample processing time is defined and the relation with (N, T).

· Note: This may have RAN4 dependency


Proposal 9: 
The number of samples in measurement is included as one of the on-demand PRS parameters 

Given that the number and combination of parameters to be with on-demand PRS can be huge, it may be more efficient for supporting some grouping of the PRS parameters, rather than treating the parameters individually. Based on the grouping, the UE can indicate the identifier of the parameter group when sending the on-demand PRS. For assisting with the grouping, RAN2 can define different sets of PRS parameters that may be allowed to grouped.   
For the PRS parameters (e.g. PRS bandwidth, PRS periodicity,… etc.) that can be indicated in on-demand PRS, the following shows an example of how the PRS parameters can be grouped (e.g. logically) in different sets and provided to UE. 
· Set 1 of PRS parameters (Set ID 1)

· {PRS periodicity, PRS repetition factor, ….}

· Set 2 of PRS parameters (Set ID 2)

· {PRS bandwidth, number of frequency layers, …}

The different sets may be associated with different Set IDs, which may be provided to UE and used when indicating in the on-demand PRS. To ensure that the UE can properly identify the PRS parameters from different sets when sending the on-demand PRS request, a groupping criteria may be provided to UE. The groupping criteria can be useful for minimizing the number of combinations of PRS parameters that may be allowed/supported by network with on-demand PRS, as shown in the following example:
· Criteria for grouping PRS parameters from Set 1 and Set 2

· Criterion 1: Parameters from Set 1 (e.g. all or subset of Set 1) may be grouped with parameters in Set 2 (e.g. all or subset of Set 2) when realizing a new Set (e.g. Set 3 = Set {1 + 2})

· Criterion 2: Parameters in Set 1 (e.g. all or subset of Set 1) may not be grouped with parameters in Set 2 when realizing a new Set (e.g. Set 3 = Set {2 - 1}) 

Whether the different sets contain PRS parameters which are common or mutually exclusive to multiple sets can be up to LMF implementation. The sets containing PRS parameters and the criteria for grouping the PRS parameters from the different sets for on-demand PRS can be provided by LMF to UE in assistance data. 
Proposal 10: 
Support providing assistance data to UE on different sets of PRS parameters and criteria for groupping the PRS parameter sets when indicating in on-demand PRS
Reporting of measurements when using on-demand PRS configuration
When supporting on-demand PRS, a UE can be configured with conventional PRS configurations (semi-statically configured) and on-demand PRS configurations (dynamically updated based on on-demand PRS). 
Upon completion of measurements using conventional PRS and/or 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 conventional 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 4: 
At LMF, awareness the parameters/configurations used by UE when performing measurements using the conventional 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. conventional/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 conventional PRS and on-demand PRS) and timing information indicating the start time and duration when applying the PRS parameters/configurations. This information can be useful for LMF for updating certain parameters (e.g., periodicity, bandwdith) of a PRS resource. The LMF can configure the UE to measure using only on-demand PRS configuration instead of conventional PRS configuration once the on-demand PRS is fulfilled/activated by the LMF. This could be the case, for example, when measurements made using conventional PRS configuration experiences blockage or low RSRP.
Proposal 11: 
UE can indicate to LMF on the PRS configurations used (i.e. IDs of conventional PRS or on-demand PRS configurations) during measurements in the measurement report
Proposal 12: 
UE can receive from LMF the indication to report measurements made using only on-demand PRS configuration
For UE-based positioning, the UE can indicate whether the determined location estimate included in the positioning information/report is derived based on on-demand PRS or conventional PRS configurations or both. The configuration and measurements used to derive location estimate will assist the LMF to optimize PRS resources, i.e., whether to leave the on-demand PRS turned on or off.
Proposal 13: 
For UE-based positioning, UE can indicate to LMF on whether on-demand PRS configuration 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, the UE may 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.

Proposal 14: 
UE can be requested by the network to identify and indicate the LOS/NLOS paths to LMF in the on-demand PRS
Allowed timing to send request for on-demand PRS

Timing at which the UE can send the on-demand PRS request message to the LMF may require further analysis. For example, the UE can be configured by the network to report reportingAmount. There could be scenarios such as consecutive measurements of low RSRP during which the UE needs to send the request for new PRS configurations to interrupt measurements and start measurements with the new PRS configurations. In this case, the LMF can allow the UE to send the on-demand PRS request for reconfiguration of PRS.  

Proposal 15: 
UE can send on-demand PRS request before completion of sending of configured amount of measurement reports
Conclusion

In this contribution, the following observation were made on: 
Observation 1 : 
Configuring triggering conditions can be useful for assisting the UE to trigger on-demand PRS when certain measurements or QoS evaluations indicate inadequacy of the existing PRS configuration
Observation 2: 
For ensuring deterministic UE behavior, it is important to identify and discuss the triggering conditions as to when/how the UE sends the on-demand PRS
Observation 3:
Reconfiguration of measurement gap for on-demand PRS should be done with low latency 
Observation 4: 
At LMF, awareness the parameters/configurations used by UE when performing measurements using the conventional PRS (semi-static) and on-demand PRS (dynamic) is beneficial for improving accuracy and efficiency 
Based on these observations, the following conclusions were made:
Proposal 1: 
UE can send on-demand PRS to request for PRS configuration or PRS parameters, irrespectice of whether the requested PRS configuration/parameter are available via dedicated LPP signalling or posSIB or found to be valid/invalid as per any validity conditions
Proposal 2: 
For MO-LR, UE can send on-demand PRS with MO-LR to request for PRS configuration or PRS parameters outside of what is indicated in posSIB
Proposal 3: 
Support triggering conditions (e.g. parameters and thresholds) that can be used by UE for sending on-demand PRS 
Proposal 4: 
The parameters in triggering conditions that can be monitored by UE for sending on-demand PRS includes: RSRP, TDoA (for timing-based positioning method), number of multipaths and positioning QoS (e.g. accuracy, measurement latency)

Proposal 5: 
Triggering conditions for supporting on-demand PRS are provided to UE as assistance information using LPP assistance data transfer procedure or via posSIB
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: 
LMF can send a confirmation/rejection message to UE for indicating whether or not the PRS configuration/parameter indicated in on-demand PRS is fulfilled
Proposal 9: 
The number of samples in measurement is included as one of the on-demand PRS parameters 
Proposal 10: 
Support providing assistance data to UE on different sets of PRS parameters and criteria for groupping the PRS parameter sets when indicating in on-demand PRS
Proposal 11: 
UE can indicate to LMF on the PRS configurations used (i.e. IDs of conventional PRS or on-demand PRS configurations) during measurements in the measurement report

Proposal 12: 
UE can receive from LMF the indication to report measurements made using only on-demand PRS configuration
Proposal 13: 
For UE-based positioning, UE can indicate to LMF on whether on-demand PRS configuration is used to estimate location information
Proposal 14: 
UE can be requested by the network to identify and indicate the LOS/NLOS paths to LMF in the on-demand PRS
Proposal 15: 
UE can send on-demand PRS request before completion of sending of configured amount of measurement reports
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