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1 Introduction
The Rel-17 New WID on NR Positioning Enhancements has the following objectives on latency reduction [1]:
	· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:

· Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]

· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]

· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]


In this contribution, we discuss the enhancements for latency reduction that can be specified for DL-based and DL+UL based positioning for satisfying latency requirements targeted for Rel-17.

2  Discussion
This contribution discusses the following enhancements for latency reduction for DL-based and DL+UL based positioning:
· Enhancements for proactive positioning procedures

· Enhancements for supporting dynamic triggering of PRS/SRSp configurations

· Enhancements for prioritized PRS measurements  
2.1 Enhancements for location scheduling in advance
Location scheduling in advance is related to determining location information at a future scheduled location time T, as described in SA2 LS to RAN2 [2]. In this regard, the positioning procedures can be divided into the location preparation phase (before T) and location execution phase (during/after T).  

As analysed during SI [2], certain LPP procedures associated with request and response of capability transfer and assistance data transfer between UE and LMF results in significant latency. As such the capability transfer and assistance data transfer procedures can be performed as part of the location preparation phase. 
For addressing the latency, in SI phase some approaches were discussed for performing the LPP procedures proactively. In relation to location scheduling in advance, the T value can be indicated to the UE/LMF in the MO-LR or MT-LR, based on which certain LPP procedures can be triggered proactively.  

The proactive approaches involve the information carried by the LPP procedures (e.g. UE capability, PRS configurations), to be identified, delivered and/or stored in advance such that positioning measurements/calculations can be performed with low latency at UE and/or LMF close to scheduled location time T or when receiving new location request (e.g. LPP Request Location Information or MO-LR/MT-LR).  
Capability transfer in advance

For reducing latency associated with LPP capability transfer procedure, the UE can send the capability information for positioning (static and dynamic) proactively when receiving a request from LMF (e.g. MT-LR containing T) or when detecting an event trigger (e.g. change in bandwidth available for measurements). The capability information sent by UE can be stored in AMF/LMF as UE context and associated with validity information (e.g. time validity). The LMF can then retrieve the stored UE capability information, without sending an LPP request for capability to UE, before/during the location scheduled time T or when receiving a new MT-LR from LCS client.  

Proposal 1: 
Support using stored UE capability information in LMF/AMF when receiving location request from LCS client 
Assistance data transfer in advance

Regarding other LPP procedures that can be supported during location preparation phase, it is beneficial to send the assistance data to UE proactively for reducing latency. 

In network-initiated scenario, the LMF can provide the assistance data to the UE in advance, when receiving MO-LR or MR-LR from LCS client, prior to the location scheduled time T. 

In UE-initiated scenario, the UE can send a request for assistance data (e.g. PRS configurations) proactively when receiving the location scheduled time T in MO-LR from LCS client or when detecting certain event triggers (e.g. change in coverage, change in radio environment).

Observation 1: 
Enhancements for LPP assistance data transfer procedure should take into account of network-initiated and UE-initiated scenarios for requesting/sending assistance data
Upon receiving the assistance data, the UE can store the PRS configuration in the UE positioning context and use the PRS configuration at time T for making measurements on DL-PRS. 
In certain scenarios, the stored/preconfigured assistance data can become invalid by the time T due changes in UE radio environment or mobility. To address this, the stored assistance data can be associated with validity conditions (e.g. time validity, area validity). The UE can retrieve the stored assistance data for making PRS measurements (close to time T) and send the measurement reports/location estimates to LMF, so long as the stored/preconfigured PRS configuration is valid, without having to request new assistance data. 
Proposal 2: 
Support using preconfigured assistance information (e.g. PRS configuration) in UE for making measurements on DL-PRS and sending measurement reports/location estimates

Proposal 3: 
The UE is configured with validity conditions (e.g. time validity, area validity) when supporting preconfigured assistance data containing PRS configurations
Proposal 4: 
The UE uses the stored assistance information (e.g. PRS configuration) so long as the associated validity conditions are met
2.2 Enhancements for supporting dynamic initiation of positioning measurements 

In the case when PRS configuration is updated due to possible degradation in positioning accuracy and dynamic UE radio environment, the LPP procedure for request/response of updated assistance data can cause significant latency. 

Observation 2:  Reconfiguring PRS configuration via assistance data update can result in significant latency 

For minimizing latency associated with reconfiguring PRS, a mechanism for dynamic triggering of preconfigured PRS configurations can be considered. Such mechanism can also be applicable in the case when location scheduled time T is not provided to UE in advance (e.g. in MT-LR scenario), but rather triggered dynamically by LMF close to T. In this case, the LMF can track the time T and send an indication (e.g. containing ID of a PRS configuration) to UE for performing measurements using a preconfigured PRS configuration.   
For DL-based positioning, the UE can be preconfigured with multiple DL PRS configurations, including configuration parameters for supporting aperiodic, semi-persistent and periodic PRS configurations. The different DL PRS pre-configurations can be provided to UE by LMF in assistance data. Aperiodic or semi-persistent PRS have their own merits as PRS to be used during predefined duration. The LMF can indicate to UE to initiate the usage of a DL PRS pre-configuration based on tracking of location scheduled time T or based on the measurement report/location estimates provided by UE. 
Alternatively, the gNB in RAN can indicate to UE for initiating PRS measurement or measurement reporting based on an indication received from LMF in NRPPa signalling. In both cases, in addition to time T, significant change in RSRP or observation of multiple paths in measurements can be a cause for initiating a new measurement using preconfigured DL PRS.

Observation 3: 
Measurement driven DL PRS reconfiguration based on preconfigured PRS is beneficial and effective for latency reduction
For DL+UL positioning, the UE can also be preconfigured by RAN with multiple UL-SRSp configurations. Subsequently, similar to the case of aperiodic/semi-persistent SRSp, the RAN can indicate to UE to trigger SRSp transmission using a preconfigured SRSp configuration based on measurement report provided by UE to LMF (on DL PRS measurements) and LMF indication to RAN (i.e. via NRPPa). In relation to the location scheduling in advance, the gNB can indicate to UE close to time T in lower layer signalling (e.g. MAC CE) to perform measurements of DL PRS or transmission of SRSp.
In the case of UE mobility, similar enhancements for latency reduction can be considered where the UE need not request and receive assistance data when the (primary) serving cell is changed (as in Rel-16 LPP procedure). 

In this case, the procedure where the UE can receive suitable assistance data in advance, consisting of the PRS/SRSp pre-configurations, via the serving cell (e.g. prior to HO) followed by activation during/after HO can be considered for latency reduction.   

Proposal 5: 
Support dynamic triggering of a preconfigured PRS at UE by LMF or gNB for making measurements on DL-PRS 

Proposal 6: 
Support dynamic triggering of a preconfigured SRSp at UE by gNB for transmitting SRSp based on measurement report provided by UE
2.3   Enhancements for prioritized PRS measurements  

The use of priority rules for PRS measurement provide more flexibility at UE and RAN for satisfying the low latency requirements for positioning and other data and RS transmission. Without priority rules, transmission of data and other RS may take precedence over PRS, hence resulting in higher latency for positioning. 
As evaluated during SI phase [2], latency reduction can be achieved with prioritized positioning based on priority rules for measurement of DL-PRS. For example, a high (low) priority can be assigned/indicated for PRS associated with a positioning service with low (relaxed) latency.
Observation 4: 
The configuration of priority rules and indication of priority for PRS can be dependent on the latency requirement of the supported positioning service 

For DL-based positioning, the UE can be configured with priority rules for measurement of DL PRS and reporting of the measurements (for UE-assisted positioning) or location estimates (for UE-based positioning). The priority rules can be configured either via assistance data by LMF or via RRC signalling by RAN. 
The UE can use the configured priority rules for determining whether to perform DL PRS measurement or the transmission/reception of data and other RS, in scenarios where there may be collision between different channels. 

Since the LPP request for location information is received transparently to gNB, the UE can indicate to gNB the prioritization of DL PRS measurement (via RRC or MAC CE). For example, when the UE indicates measurement of high priority DL PRS, the gNB can suspend the transmission of lower priority data and activate configured grant for the transmission of measurement report/location estimates. 
Alternatively, the LMF can indicate to gNB the priority of DL PRS (via NRPPa signalling). The gNB can then configure the priority rules (e.g. via RRC) or dynamically indicate to UE the priority of DL PRS measurement (e.g. in MAC CE). 
The indication of priority to gNB either by UE (via BSR or RRC) or LMF (via NRPPa) can also be used for allocating UL grants/CG for sending measurement report/location estimates with a particular latency requirement. 
For supporting location scheduled time, the UE can be indicated with the priority rules such that the UE can send measurement reports/location estimates to LMF within a latency requirement associated with the indicated priority after performing DL-PRS measurements at T.

The Rel-16 prioritization mechanism for supporting intra-UE multiplexing and priority indication can be used as baseline for prioritization of PRS measurement and sending of measurement reports/location estimates. For example, the UE can be configured with configured grant (CG). When there is an overlap between a low data transmission (e.g. eMBB in PUSCH) and high priority measurement reporting, the low priority transmission can be dropped for the CG. 

Proposal 7: 
Support  priority rules for determining prioritization of DL PRS measurement and reporting of measurements/location estimates

Proposal 8: 
The existing LPP and RRC/MAC procedures can be enhanced for indicating priority rules and supporting prioritized DL PRS measurements/reporting 

Conclusion

In this contribution, the following observation were made on: 

Observation 1: 
Enhancements for LPP assistance data transfer procedure should take into account of network-initiated and UE-initiated scenarios for requesting/sending assistance data
Observation 2:  
Reconfiguring PRS configuration via assistance data update can result in significant latency 
Observation 3: 
Measurement driven DL PRS reconfiguration based on preconfigured PRS is beneficial and effective for latency reduction
Observation 4: 
The configuration of priority rules and indication of priority for PRS can be dependent on the latency requirement of the supported positioning service 
Based on these observations, the following conclusions were made:

Proposal 1: 
Support using stored UE capability information in LMF/AMF when receiving location request from LCS client 
Proposal 2: 
Support using preconfigured assistance information (e.g. PRS configuration) in UE for making measurements on DL-PRS and sending measurement reports/location estimates

Proposal 3: 
The UE is configured with validity conditions (e.g. time validity, area validity) when supporting preconfigured assistance data containing PRS configurations

Proposal 4: 
The UE uses the stored assistance information (e.g. PRS configuration) so long as the associated validity conditions are met

Proposal 5: 
Support dynamic triggering of a preconfigured PRS at UE by LMF or gNB for making measurements on DL-PRS 

Proposal 6: 
Support dynamic triggering of a preconfigured SRSp at UE by gNB for transmitting SRSp based on measurement report provided by UE
Proposal 7: 
Support  priority rules for determining prioritization of DL PRS measurement and reporting of measurements/location estimates

Proposal 8: 
The existing LPP and RRC/MAC procedures can be enhanced for indicating priority rules and supporting prioritized DL PRS measurements/reporting 
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