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1. Introduction
[bookmark: _Hlk46842767][bookmark: Proposal_Pattern_Length]In RAN#91 e-meeting, a new WI was agreed focusing on enhancing NR positioning mechanism to cater to general commercial as well as IIoT use cases [1]. The relevant set of objectives for this contribution is reproduced below:
	· 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:
· [bookmark: _Hlk67643864]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 focus on the first objective, i.e. regarding latency reduction related to the reporting and request of positioning assistance data and present our view.
1. Discussion
Background Discussion
As part of the NR positioning enhancements SI, RAN2 analyzed the overall positioning procedure for various mechanisms in terms of the overall latency, specifically focusing on the radio layer aspects and the messaging between the LMF/AMF, gNB and the UE. This overall signaling flow and the associated latency for the individual signaling components are captured as part of the TR [2] and is briefly reproduced in figure 1 for reference. Note that the individual signaling might be slightly different depending on the specific procedure being used, but most of the signaling in general is applicable for all methods.


Figure 1 Signaling flow for DL positioning procedure
Considering the Rel-17 positioning requirements for commerical use cases and the latency analysis for the current positioning procedure, it is clear that we cannot meet the accuacy and latency requirements as is. For Rel-17 IIoT use cases, the situation is even more extreme, with a difference of hundreds of milliseconds in some extreme cases. Therefore, it is clear that several aspects for the current positioning procedure need to be enhanced.
Observation 1:	Due to the stark difference between the Rel-17 target use cases for positioning and what is achievable by Rel-16 positioning methods, several enhancements to the overall positioning procedure are needed.
Based on the discussion during the study item phase and objectives of the work item finalized in the plenary, one of the key components that contributes to the latency associated with the request and reporting of assistance data for positoning. Indeed, from the analysis in the TR [2], the acquisition of assistance data via LPP from the LMF can account for up to 44.5 ms delay. Similarly, the request and acquisition of UE capabilities can account for around 90 ms in the worst case scenario. Therefore, it would be useful to consider enhancements to the positioning procedure, targeting in particular the provision of positioning assistance data, e.g. DL PRS configuration for DL positioning techniques. On the other hand, regarding location measurements and estimates, the latency reduction enhancements should mostly be within RAN1’s purview, so in this contribution we focus on enhancements for positioning assistance data.
Positioning Assistance Data enhancement
SA2 has sent an LS to RAN2 detailing the introduction of scheduled location time [3], whereby the overall location estimation phase is effectively split into two phases (as evidenced in figure 2 coped from the LS below): 
Location preparation phase where the location related request can be sent by an LCS client, AF or UE to request the location of a UE, including a scheduled time in the future where the location may need to be determined.
Location execution phase, where the NG-RAN and/or UE perform measurements to determine the location at or close to the scheduled time.


Figure 2 Location procedure using scheduled location time
Regarding the question posed by SA2 regarding support of scheduled location time, in our view, the proposed solution in the endorsed CR can work but we assume that most of the changes need to be done by SA2 and/or CT1 in order to support the addition of this timer to the LCS service request and associated signaling for the core network interface. From RAN2 perspective, it is feasible for the LMF to schedule location measurements by the UE and/or NG-RAN to occur at or near the scheduled time.
 Proposal 1:	RAN2 is proposed to reply SA2 LS that from RAN2 perspective, it is feasible to support scheduling of location measurements by the LMF at the UE and/or NG-RAN to occur at or near the scheduled time.
Based on the above discussion, in order to reduce the latency associated with the request and reporting of positioning assistance data, pre-configuration of this assistance data to the UE in advance, i.e. during the location preparation phase can be considered. In particular, as opposed to the legacy procedure (where the capabilities and assistance data are exchanged/provided at the point when it is determined that a measurement needs to be performed), this can be done in advance, as discussed during the last RAN2 meeting [4]. This pre-configuration of the assistance data to the UE can for instance include the DL PRS related configuration and can be flexibly provided to the UE using the existing mechanisms, which the UE would ultimately require to be able to successfully perform positioning measurements during the location execution phase. In this way, the additional signaling latency associated with the LPP transactions can be reduced/eliminated, since the overall location response time only includes the duration of the location execution phase. Note that this pre-configuration can in general be applicable for both MO-LR and MT-LR location services.
Proposal2a:	RAN2 is proposed to confirm that in order to accomplish latency reduction related to reporting and request of positioning assistance data, pre-configuration of assistance data to the UE during the location preparation phase  shall be supported.
Proposal2b:	The pre-configuration of assistance data can, in general, be applicable for both MO-LR and MT-LR location services.

In order to support this pre-configuration, several additional aspects need to be considered. These are discussed in detail in the sections below:
Provisioning of pre-configured assistance data information
As the name implies, the positioning assistance data information should be provided to the UE well in advance of when the UE is expected to perform the measurements. To this end, the LMF can trigger the existing LPP/NRPPa procedures to provide the UE with this data before the need for triggering positioning measurements. Correspondingly, the LMF can interact with NG-RAN nodes to provide the assistance data information for broadcasting to be included in the positioning SIBs, which can then be acquired by the UE using on-demand SI request using RRC procedure. For the MO-LR case, since the need for triggering positioning measurements is up to the UE itself, it is up to the UE when to request the positioning assistance data using LPP. In either case, the key aspect is that the latency associated with having to obtain this information when the location is requested is eliminated. 
Proposal 3:	Existing LPP/NRPPa and RRC procedures can be utilized for pre-configuration of positioning assistance data for measurements to the UE.

Once the assistance data information has been procured by the UE, the UE behaviour needs to be clarified. Specifically, since no location information would be needed unless a location information transfer procedure is initiated, the UE shall not perform any measurements even if it has the pre-configured positioning assistance data. After obtaining this information, the UE shall retain this configuration to be used for future measurements for positioning. How long the UE retains this configuration, when it needs to be discarded/updated and how the positioning measurement based on this configuration are triggered can be further discussed.
Proposal 4:	The UE shall retain the pre-configured positioning assistance information without having to perform positioning measurements until it is triggered to do so.

Triggers for measurements for both MO-LR and MT-LR cases
Finally, we need to consider the triggers based on which the UE then utilizes the previously acquired positioning assistance data to perform measurements for positioning. The procedures can be different for MO-LR and MT-LR cases, so they can be analyzed separately.
For MT-LR, since the location information transfer request is initiated by external LCS client,  some entity in the 5GC or the AMF (which then transfers this request to the LMF), it is logical to assume that the LMF instigating the location procedures with the UE can implicitly be considered by the UE as a trigger to utilize the pre-configured assistance data to perform positioning measurements. 
For MO-LR, the situation is somewhat different since it is the UE itself that requests some location service for positioning to the serving AMF. In this case, two different options can be possible: If the assistance data has already been provided by the network (via broadcast signaling) to the UE, the UE can simply consider the location request from UE itself as a trigger to use this assistance data to perform measurements. Alternatively, if this assistance information has not been provided, it is up to the UE to initiate the LPP request assistance data procedure to acquire the relevant information before the location request.
Proposal 5:	In case of NI-LR/MT-LR, the location information request from the LMF can serve as an indication to the UE to utilize the pre-configured assistance data to perform positioning measurements during the location execution phase.
Proposal 6:	In case of MO-LR, it is up to the UE to determine and indicate the scheduled location time to the core network in order to obtain pre-configured assistance data in advance of the location execution phase.
[bookmark: _Toc465993148]Based on the discussion above on pre-configuration of positioning assistance data to the UE, the simplified signaling flow is exemplified (for the case of DL positioning method) in figure 3 below. As discussed above, the pre-configuration of the positioning assistance information can happen in advance of the need for actual positioning measurements by the UE (step 1), followed by the location information request for performing the measurements subsequently (steps 2, 3). Note that the exchange of scheduled location time can in general occur before step 0.


Figure 3 Simplified flow for pre-configuration of assistance information
1. Conclusion
This contribution discusses the objective of latency reduction enhancements related to the request and response of positioning assistance data and makes the following observations and proposals:
Observation 1:	Due to the stark difference between the Rel-17 target use cases for positioning and what is achievable by Rel-16 positioning methods, several enhancements to the overall positioning procedure are needed.
Proposal 1:	RAN2 is proposed to reply SA2 LS that from RAN2 perspective, it is feasible to support scheduling of location measurements by the LMF at the UE and/or NG-RAN to occur at or near the scheduled time.
Proposal2a:	RAN2 is proposed to confirm that in order to accomplish latency reduction related to reporting and request of positioning assistance data, pre-configuration of assistance data to the UE during the location preparation phase shall be supported.
Proposal2b:	The pre-configuration of assistance data can, in general, be applicable for both MO-LR and MT-LR location services.
Proposal 3:	Existing LPP/NRPPa and RRC procedures can be utilized for pre-configuration of positioning assistance data for measurements to the UE.
Proposal 4:	The UE shall retain the pre-configured positioning assistance information without having to perform positioning measurements until it is triggered to do so.
Proposal 5:	In case of NI-LR/MT-LR, the location information request from the LMF can serve as an indication to the UE to utilize the pre-configured assistance data to perform positioning measurements during the location execution phase.
Proposal 6:	In case of MO-LR, it is up to the UE to determine and indicate the scheduled location time to the core network in order to obtain pre-configured assistance data in advance of the location execution phase.
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