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1 Introduction
During RAN2#115-e [1], the following agreements were made:
	Agreement:
Proposal 3:
Regarding the validity conditions/criteria associated with pre-configured assistance data, consider at least the following options:

( Option A: Based on a validity area (e.g. a list of cells)

( Option B: Based on a (configured) validity timer or a numerical limit on number of times it is utilized

( Option C: Based on explicit modification or release from the LMF/NG-RAN

( Option D: Based on the UE’s current location and/or the time




In this contribution, we discuss the enhancements for latency reduction that can be supported for DL-based and DL+UL based positioning for satisfying the 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 pre-configured assistance data
· Enhancements for supporting triggering of pre-configured assistance data (PRS/SRSp configurations)
· Enhancements for measurement gap configuration
2.1 Enhancements for pre-configured assistance data
During previous RAN2 meetings [1][2], the pre-configuration of assistance data in UE and the associated validity conditions/criteria were discussed. Further details related to the procedure and signalling for using the validity conditions were discussed in [605] post-meeting email discussion [3].

The general understanding is that latency can be reduced by providing to UE pre-configured assistance data, containing some PRS configurations, in advance and triggring measurements at UE at a later time by sending an indication (e.g. in LPP request location information). In essence, decoupling the provisioning and delivery of assistance data from the overall LPP positioning procedure can result in latency reduction. For realizing latency reduction gains the pre-configured assistance data, received via dedicated signalling or posSIB, in one LPP positioning session should be usable in other future LPP sessions.    
Observation 1: 
For latency reduction, it is beneficial if the pre-configured assistance data, received via dedicated signalling or posSIB, in one LPP positioning session is usable in other future LPP sessions 
Such decoupling between assistance data and LPP sessions can be beneficial when supporting requirements such as scheduled location time. In this case, the LMF can provide the assistance data to the UE in advance, prior to the scheduled location time T. After receiving the assistance data, the UE can store the PRS configurations and use one of the PRS configurations indicated by the LPP request location information message for making measurements on DL-PRS at time T. For MO-LR, the UE can send a request for assistance data to LMF or receive the assistance data via posSIB when receiving the location scheduled location time T from LCS client and subsequently use the received/stored assistance data for making measurements at T. 

Essentially, for ensuring that the pre-configured assistance data can be used by UE after receiving/detecting the trigger for making measurements either in the current or future LPP sessions, some validity conditions/criteria for validating whether the pre-configured assistance data (e.g. PRS configurations) is useable or not would be necessary. 
Proposal 1: 
UE can use preconfigured PRS configurations for making measurements on DL-PRS so long as the associated validity conditions/criteria are met, irrespective of the status of LPP session
In some scenarios, the stored/preconfigured assistance data can become invalid due changes in UE radio environment or mobility. For example, a pre-configured PRS configuration associated for use in one coverage area consisting of set of cells (e.g. in indoor environment), may become invalid when the UE moves to another coverage area with a different set of cells (e.g. outdoor environment). In this case, configuring in UE with an area validity condition consisting of a list of cells would be useful when the area validity condition is associated with a preconfigured assistance data. With the area validity condition the UE can use the (re)use the preconfigured assistance data consisting of a PRS preconfiguration when entering a valid area and stop using the PRS preconfiguration when entering an invalid area. 

Proposal 2: 
Support providing area validity condition/criteria (e.g. consisting of a list of cell) to UE which is associated with preconfigured assistance data 

In another scenario, a time validity (e.g. time duration, timer) can be useful for determining whether the preconfigured assistance data is valid for usage (e.g. across multiple LPP sessions). This also provides certain flexibility to network for ensuring the PRS resources associated with different preconfiguratons can be reserved and used for multiple UEs for certain duration and released/reconfigured after the expiry of the duration. In the case of scheduled location time, the UE can decide on sending a request for new assistance data or receive new posSIB based on whether the preconfigured assistance data is expected to be valid/invalid at time T with respect to the time validity condition. By providing the time validity (e.g. valid time duration) to UE, the LMF does not need to send another explicit indication to UE for releasing the preconfigured assistance data after expiry and the UE can implicitly stop using or release the preconfiguration by tracking the time validity condition. For this reason, it is useful for providing the validity time duration along with other validity conditions (e.g. validity area) to assist the UE on deciding if the preconfigured assistance data is usable irrespective of whether ongoing or future LPP session is used.
Proposal 3: 
Support providing time validity condition/criteria (e.g. valid time duration/timer) to UE which is associated with preconfigured assistance data 

The validity conditions/criteria can be delivered to UE either in dedicated signaling or via posSIB. In the case of dedicated signalling, the LPP provide assistance data message can be used for delivering the validity conditions along with the assistance data containing PRS configurations, after establishing an LPP session. At the end/expiry of the LPP session, the UE retains and uses the PRS configurations for other LPP sessions so long as the configurations are found to be valid with respect to validity conditions during usage. Similar approach can be used for delivering the validity conditions along with assistance data with posSIB.   

In the case when the UE determines that the preconfigured PRS configurations have expired or found to be invalid, the UE stops using the associated PRS configurations when at least one of the validity conditions indicate invalidity and sends a request for new assistance data, either in an LPP request (for MT-LR) or along with with MO-LR request (for MO-LR).    

Proposal 4: 
The validity conditions/criteria associated with the preconfigured PRS configurations are provided to the UE using LPP assistance data transfer procedure or posSIB 

For ensuring flexible and efficient use of the preconfigured assistance data, the granularity at which the validity conditions/criteria are associated can be i) on a per assistance data basis or ii) on a per PRS configuration basis. For association of validity conditions on a per-assistance data basis, all PRS configurations associated with the assistance data will be subject to the same validity conditions. Although this involves less signalling and overhead, it might result in frequent request from UE for updated PRS configurations. It also also unclear if any gain can be realized with the per-assistance data approach compared to the case of restricting the assistance data to a single LPP session. However, the per-assistance data approach may be efficient when the assistance data is provided via posSIB. On the other hand, for association of validity conditions on per-PRS configuration basis, the UE can flexibly use a suitable and valid PRS configuration, regardless of how/when the preconfigured assistance data is received/stored. 
Proposal 5: 
The validity conditions/criteria are configured and associated in UE on a per-PRS configuration basis when the assistance data is transfered via dedicated signalling (e.g. via LPP assistance data) 

Proposal 6: 
The validity conditions/criteria are configured and associated in UE on a per-assistance data basis (e.g. consisting of multiple PRS configurations) when the assistance data is transferred via posSIB
2.2 Enhancements for supporting dynamic initiation of positioning measurements 

When the assistance data is updated reactively (e.g. due to 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. The UE can be preconfigured with multiple PRS configurations, including configuration parameters for supporting aperiodic, semi-persistent and periodic PRS configurations. Aperiodic or semi-persistent PRS have their own merits as PRS to be used during a predefined duration. 

The dynamic triggering of PRS can be applied in the case when the scheduled location time T is not explicitly provided to UE (e.g. in MT-LR scenario), but rather triggered dynamically by LMF, e.g. close to T. In this case, the LMF can track the time T and send an LPP message (e.g. containing ID of a pre-configured PRS) before T such that the UE can perform measurements at time T. The LMF can also send an indication to UE to use a preconfigured PRS based on the measurement report/location estimates provided by UE, e.g. for meeting the positioning accuracy requirement (e.g. for MT-LR/MO-LR). 
Alternatively, the gNB in RAN can indicate to UE for initiating PRS measurement 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, for example, can be a triggering condition for initiating a new measurement using a preconfigured PRS. In these scenarios any latency related to sending of a new assistance data based on UE reports/feedback to LMF can be eliminated due to using pre-configured assistance data.
Observation 3: 
Measurement driven triggering for using a preconfigured PRS is beneficial and effective for latency reduction
Proposal 7: 
Support dynamic triggering of a preconfigured PRS at UE by LMF or gNB for initiating measurements on DL-PRS 

For DL+UL positioning, the UE can also be preconfigured by RAN with multiple 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 scheduled location time, the gNB can indicate to UE in AS layer signalling (e.g. MAC CE) to perform measurements of DL PRS or transmission of SRSp at time T.
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 8: 
Support dynamic triggering of a preconfigured SRSp at UE by gNB 
2.3   Enhancements for measurement gap configuration

As per Rel-16 DL-based positioning methods, the UE receives the PRS configuration in the assistance data from LMF transparent to gNB. In this case, it is possible that the PRS configuration received from LMF is outside of the active bandwidth part or other measurement gaps configured in the UE. 

As such, there could be an ambiguity at the UE for determining the start timing, measurement duration and periodicity for measuring the different types of PRS (e.g. aperiodic, periodic, semi-persistent) sent by gNBs/TRPs. For ensuring that the PRS configuration at UE is aligned with measurement of DL PRS, as per existing Rel-16 procedure the UE sends a request in RRC signaling to configure a measurement gap (MG) after receiving the LPP request for location info. However, the configuration of MG results in significant latency (ranging between 13-13.5ms) [4] due to RRC signalling. 

Observation 4:  The procedure and signalling for measurement gap configuration causes significant latency

In this regard, some procedures can be considered for eliminating or minimizing the latency due to MG configuration that allow the UE to make DL PRS measurements with minimal delay. The following are different approaches for minimizing latency associated with MG configuration:

· Measurement gap-less measurement of DL-PRS

· Fast activation of MG 
In the MG-less measurement procedure, the UE makes DL PRS measurements without requiring any MG configuration. Instead, the UE can be configured with a prioritization window within which the UE can measure PRS and process measurements [5][6].
In the case of fast activation of MG, the UE can be preconfigured by gNB with different MG configurations (e.g. via RRC signaling) which can include parameters for supporting periodic, aperiodic, and semi-persistent DL PRS. The UE can send an indication  to gNB for indicating the usage of a preconfigured MG, after receiving the LPP reqest for location info message. The gNB can activate a preconfigured MG (e.g. with MAC CE) based on the indication sent by UE. 
For addressing latency due to MG configuration, RAN1 has discussed different approaches including fast activation of MG and MG-less positioning, and made the following agreement during RAN1#106bis-e [6] related to fast activation of MG as a latency reduction enhancement:  
	Agreement:
Support using UL MAC CE for MG activation request by UE (Option 2) for the purpose of positioning.
Agreement:
Support the following option (from the agreement made in RAN1#106-e) for a new MG activation procedure to be performed by the gNB for the purpose of positioning.
· Option 2: DL MAC CE
· FFS: Deactivation process
Agreement:

With regards to MG activation by DL MAC CE, further study

· DL MAC CE payload

· The necessity of pre-configuration of MGs in higher layers.


Both fast MG activation and MG-less approahes are beneficial for eliminating the RRC signaling associated with MG configuration. In both approaches, a priority value can be associated with the PRS configuration for enabling the prioritization between performing PRS measurements and data communications over other channels.   
The UE can be configured with different types of DL-PRS configurations (e.g. aperiodic, periodic, semi-persistent) which can be associated to be used either with MG-less measurement or fast activation of preconfigured MG. The UE can use a particular option for MG depending on the type of PRS configuration indicated by LMF.  

Proposal 9: 
Support preconfiguring of measurement gap (MG) configurations in UE and fast activation of a MG preconfiguration using MAC CE

Proposal 10: 
Support selecting and configuring a MG approach (e.g. MG-less or fast activation of preconfigured MG) based on the type of PRS configuration (i.e. aperiodic, periodic, semi-persistent) provided to UE
Conclusion

In this contribution, the following observation were made on: 
Observation 1: 
For latency reduction, it is beneficial if the pre-configured assistance data, received via dedicated signalling or posSIB, in one LPP positioning session is usable in other future LPP sessions 

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

Observation 3: 
Measurement driven triggering for using a preconfigured PRS is beneficial and effective for latency reduction
Observation 4:  The procedure and signalling for measurement gap configuration causes significant latency

Based on these observations, the following conclusions were made:
Proposal 1: 
UE can use preconfigured PRS configurations for making measurements on DL-PRS so long as the associated validity conditions/criteria are met, irrespective of the status of LPP session

Proposal 2: 
Support providing area validity condition/criteria (e.g. consisting of a list of cell) to UE which is associated with preconfigured assistance data 

Proposal 3: 
Support providing time validity condition/criteria (e.g. valid time duration/timer) to UE which is associated with preconfigured assistance data 

Proposal 4: 
The validity conditions/criteria associated with the preconfigured PRS configurations are provided to the UE using LPP assistance data transfer procedure or posSIB 

Proposal 5: 
The validity conditions/criteria are configured and associated in UE on a per-PRS configuration basis when the assistance data is transfered via dedicated signalling (e.g. via LPP assistance data) 

Proposal 6: 
The validity conditions/criteria are configured and associated in UE on a per-assistance data basis (e.g. consisting of multiple PRS configurations) when the assistance data is transferred via posSIB

Proposal 7: 
Support dynamic triggering of a preconfigured PRS at UE by LMF or gNB for initiating measurements on DL-PRS 

Proposal 8: 
Support dynamic triggering of a preconfigured SRSp at UE by gNB 
Proposal 9: 
Support preconfiguring of measurement gap (MG) configurations in UE and fast activation of a MG preconfiguration using MAC CE

Proposal 10: 
Support selecting and configuring a MG approach (e.g. MG-less or fast activation of preconfigured MG) based on the type of PRS configuration (i.e. aperiodic, periodic, semi-persistent) provided to UE
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