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1 Introduction
At the RAN#91-e meeting, the following topic was added in the WID on ePositioning: 
	· 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 paper, we present our views with regards to the topic of latency reduction for Positioning. 
2 Scheduling in Advance Feature
SA2 discussed the latency reduction using a scheduled location time at SA2#142e and SA2#143e and sent the LS in [1] to RAN2 (incl. RAN1 and RAN3) attaching a technically endorsed CR to TS 23.273 [2]. The question from SA2 to RAN1/2 is as follows [1]:
		"SA2 would like to ask RAN1 and RAN2 whether support can be provided for a scheduled location time as part of Rel-17 and as defined in the attached CR to TS 23.273. SA2 also invite RAN1 and RAN2 to provide any other comments on support of this feature which may be applicable to support in 5GC.
	ACTION: 	SA2 kindly asks RAN1 and RAN2 to provide a response to the question above once RAN1 and 				RAN2 are in a position to answer."



Interestingly, the feature of “scheduling location time” seems to be related to the configured measurement window that is currently being discussed in RAN1. In short, in both cases, a UE or gNB should be able to receive an indication of when (and potentially for how long) should measurements be performed. 
We believe RAN1 should work towards a goal of defining a generic mechanism that allows an LMF to request specific time windows to be measured for both UEs and gNBs. For the time being, we can send an LS back to SA2 with the following text: 
Proposal 1: Send a draft Reply LS: 
· RAN1 thanks SA2 for their LS on Scheduling Location in Advance to reduce Latency. 
· RAN1 discussed the subject matter and agrees that scheduling location in advance is within the positioning enhancement work item objective, and RAN1 will target supporting this feature in Rel-17 positioning enhancement time frame in alignment with the CR received from SA2.

With regards to the RAN1 specific details of this feature, we make the following notes: 
· For UE-based Positioning, an LMF would send a location request which includes a time-domain  T' which would be the time at which the reported location is valid. It will be UE’s implementation when to do the measurements to ensure that it has a good location estimate that is as close as possible to the groundtruth at time T’. 
· On the other hand, for UE-assisted DL measurements, since the LMF is the entity doing the positioning calculation, it makes sense to have the freedom to request both UEs and gNBs to do the measurements at specific time instances  / time-windows. In this scenario, one can consider providing one or more time domain windows to the UE/gNBs in the request, so that the devices are aware of which RS instances should be prioritized for measurement and reporting. Specifically, 
· If a startTime is provided, the device (UE/gNB) is expected to start no earlier performing measurements than the startTime, or is expected to prioritize performing measurements and reporting that start no earlier than the start time. 
· If an EndTime is provided, the device (UE/gNB) is expected to perform measurements no later than the EndTime, or is expected to prioritize performing measurements no earlier than the start time. 

Proposal 2: For UE-based positioning, a UE is expected to report a location estimate which is valid for the requested “Location Time”.

Proposal 3: For UE-assisted/network-based Positioning,  support LMF sending a “Time-domain Window” configuration(s) to both UE and gNBs that define the time at which the measurements are expected to be obtained. 
· Each window is defined with a start/End configuration
· If startTime is provided, the device (UE/gNB) is expected to perform measurements and reporting that start no earlier than the startTime. 
· If EndTime is provided, the device (UE/gNB) is expected to perform measurements no later than the EndTime. 

Proposal 4: With regards to the requested Time-domain measurement Window: 
· Study further the UE behavior when a limited number (or none) of PRS instances appears within a configured time-domain window.

If such a startTime is provided to a UE, the measurement period and/or accuracy requirements would need to be adjusted to address the fact that measurements are expected to be time-domain limited according to the configured window. For example, in current 38.133, the measurement period starts from the first MG instance aligned with DL PRS resources closest in time after the RequestLocationInformation message and the ProvideAssistanceData message from LMF have been received by physical layer. If the Location Information message includes a Time-domain measurement window, the startTime of the measurement period should be after the configured start of the measurement window. 
3 Single-Sample Positioning Measurements

In NR Rel-16, the assumption for both RAN1 and RAN4 work has been, that a UE can measure at least 4 “samples” before reporting the measurements back to the network. Specifically, in 38.133, with regards to the measurement period formulation, the assumption has been that = 4 samples are expected to be used by the UE to derive the measurements as shown in the snipset below. 

	 is the measurement period for PRS RSTD measurement in PRS frequency layer i as specified below:
	 ,
where: 
	 is the UE Rx beam sweeping factor. In FR1,  = 1; and in FR2,  = [8].
	 is the carrier-specific scaling factor for NR PRS-based positioning measurements in frequency layer i as defined in clause 9.1.5.2.
	 is the number of PRS RSTD samples and = 4. 



A similar assumption was also considered by RAN1, during the Rel-17 SI discussions, which resulted to the following Conclusion from RAN1 perspective:

	Conclusion:
Estimated minimum DL PRS measurement time in Rel.16 can be 88.5ms depending on DL PRS configuration settings
· Note: The following assumptions are made
· One DL PRS frequency layer in FR1
· CSSF = 1
· NRxBeam, i = 1, 
· Nsample = 4 (DL PRS RSTD measurements are done across 4 DL PRS periods)
· Both DL PRS periodicity and MGRP are equal to 20ms
· Configured DL PRS resources are within UE DL PRS processing capacity (N,T) = (0.5ms, 8ms)



It should clarified that the assumption above assumed that the PRS resources within the positioning frequency layer are within the reported UE’s capability (so that . 

From the formula above, we observe that a main contributing factor into the minimum PRS processing time is the assumption that 4 samples are required to be measured. It should actually be noted that the above RAN1 conclusion was made under the assumption that the Tlast for processing PRS resources that are within the reported UE capability (N,T), was 8.5 msec (N+T) as shown in the figure below:
[image: ]
However, in the previous RAN4 meeting, the following change was made to the definition of Tlast as follows:

	From RAN4 R4-2105851 WF: 
· For the purpose of calculating TPRS,i, only the PRS resources fully or partially with the MG are considered	
· Definition of a PRS resource being fully covered or partially with the MG can be FFS and depending on the outcome of Issue 2-2-2.
· PRS periodicity is not restricted to be a multiple of 5 ms
· Redefine Tlast as Tlast = Ti + Tavailable_PRS,i 



Such a change in the measurement period formulation was necessary to take care of the scenarios that PRS resources of a PRS instance are “non-contiguous” with different slot offsets as shown in the figure below:


or in another extreme scenario, where the PRS resources appear in the end of the periodicity window as shown below:
[image: ]
To be more specific, the reason that the Tavailable_PRS,i had to be added in the measurement period of the last PRS sample can be understood as follows:
· The starting time of the measurement period corresponds to the first instance of the configured MG that contains PRS resources

	The time  starts from the first MG instance aligned with DL PRS resources of PRS frequency layer i closest in time after both the NR-Multi-RTT-RequestLocationInformation message and NR-Multi-RTT-ProvideAssistanceData message from LMF via LPP [34] are delivered to the physical layer of UE.



· This means that, RAN4 had to add the additional time “Tavailable_PRS,i” to handle the scenario that the the PRS resources are in non-adjacent slots as the scenario shown below: 


Therefore, if we just introduce single-sample measurements, there is a risk that the measurement period will still contain the , which will be unnecessary for the majority of scenarios of interest for low-latency applications (scenarios where the PRS resources are next to each other in a contiguous time-domain burst). 

Based on the above discussion, we make the following proposals:

Proposal 5: Support single-sample measurements in NR Rel-17 with the following details: 
· Single-sample measurements correspond to RSTD/RSRP/Rx-Tx measurements performed within a single DL PRS period and a single Measurement Gap (MG).
· Introduce new UE capabilities for supporting this low-latency Positioning feature
· Send LS to RAN4 to study relaxed accuracy & measurement period requirements (if needed) for the case of single-sample PRS processing. 

Proposal 6: For the scenario of single-sample PRS processing, at least from RAN1 perspective, define the UE “Processing Time” of a PRS sample as follows:
· The start time is the time after the end of the last PRS resource of the PRS sample 
· The end time corresponds to the earliest time after which the UE is capable of reporting Positioning measurements derived from the PRS sample
· FFS: Relation of the “Processing Time” to the already existing (N,T) capability in NR Rel-16

In current NR Rel-16 signaling, in the location request message, one can find the follwoing “response time” field:

	-	responseTime
-	time indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation. If the unit field is absent, this is given as an integer number of seconds between 1 and 128. If the unit field is present, the maximum response time is given in units of 10-seconds, between 10 and 1280 seconds. If the periodicalReporting IE is included in CommonIEsRequestLocationInformation, this field should not be included by the location server and shall be ignored by the target device (if included).



We make the following observations:
· The shortest value is 1 second. 
· There is no direct association between the “responseTime” and whether the UE should do fast or legacy (slow) processing of PRS resources. 

This field corresponds to the maximum response time, and it may include additional margins due to handover cases, due to MG being non-aligned with the PRS instances, etc. Even if in NR Rel-16, there is an attempt to have a well-defined measurement period formulation, there are realistic scenarios that require an LMF to include increased margin in the “responseTime”, making it unclear to the UE (and the system operation), whether a UE should do fast processing of the PRS resources. We believe that the system will benefit from an explicit signaling of whether the UE is expected to do fast processing or legacy processing. 

Proposal 7: Send an LS to RAN2 to ask them to introduce responseTime at least as small as 100msec. Study further whether smaller values could be feasible in this release.  

Proposal 8: Support explicit signaling requesting from a UE to perform positioning measurements with a fast processing timeline. 
· FFS: Whether the “Time-domain Window” configuration could be used for this purpose.
4 Measurement Gap Enhancements

It can be observed that in the current measurement period formulation in RAN4, the CSSF factor is being used to control whether positioning or mobility measurements have priority in a measurement gap as shown in the formula below:

	 is the measurement period for PRS RSTD measurement in PRS frequency layer i as specified below:
	 ,
where: 
	 is the UE Rx beam sweeping factor. In FR1,  = 1; and in FR2,  = [8].
	 is the carrier-specific scaling factor for NR PRS-based positioning measurements in frequency layer i as defined in clause 9.1.5.2.
	 is the number of PRS RSTD samples and = 4. 



Clearly, such a prioritization rule introduces latency and could be optimized in one of the following ways:
· For the scenarios of fast PRS processing, and MGs shared between Positioning and mobility measurements, consider increased priority of positioning over the mobility measurements.  
· Support the option of configuring a separate Measurement Gap for the purpose of Positioning. 

Based on the above, we make the following proposals: 

Proposal 9: For Measurement gaps shared between Positioning and mobility measurements, support increased priority of processing of Positioning resources when fast PRS processing is configured to the UE. 

Proposal 10: Support configuring a separate Measurement Gap for the purpose of Positioning only. Send an LS to RAN4 informing them about this agreement.  

Another aspect that needs to be noted is that in NR Rel-16, it is up to the UE’s implementation to request a longer MG and attempt to perform real-time measurements within the MG, wherein no other DL processing is expected, so that it can finish all the processing before the start of the regular UE’s operation (outside the MG). 

However, we believe that such option needs to be specified to enable a better understanding on the UE’s timelines, optimizing MG offset with respect to the PRS resource allocation, and enabling UE transmitting SRS during that same period of time. With regards to the latter, if the PRS resources appear in a burst fashion (e.g. a 2 msec PRS instance), and SRS is configured at a slot close to the PRS instance, a UE could request a MG that encompasses both the PRS and the SRS, such that the PRS and SRS appear very close in time, and have a short “Positioning RS” burst to minimize any latencies, while ensuring that SRS is “protected” by collision with other UL channels. 
[image: ]

Proposal 11: Consider defining a UE “processing time” within a MG for Positioning during which a UE is expected to finish the processing of the PRS instance transmitted within the “Measurement Time” of the MG. Support configuring SRS for Positioning during the “Processing Time” of the MG for Positioning.
· Minimum length of Processing Time shall be [4] msec
5 Conclusions
Overall, we make the following proposals on beneficial enhancements to be specified during NR Rel-17 WI phase:
Proposal 1: Send a draft Reply LS: 
· RAN1 thanks SA2 for their LS on Scheduling Location in Advance to reduce Latency. 
· RAN1 discussed the subject matter and agrees that scheduling location in advance is within the positioning enhancement work item objective, and RAN1 will target supporting this feature in Rel-17 positioning enhancement time frame in alignment with the CR received from SA2.

Proposal 2: For UE-based positioning, a UE is expected to report a location estimate which is valid for the requested “Location Time”.

Proposal 3: For UE-assisted/network-based Positioning, support LMF sending a “Time-domain Window” configuration(s) to both UE and gNBs that define the time at which the measurements are expected to be obtained. 
· Each window is defined with a start/End configuration
· If startTime is provided, the device (UE/gNB) is expected to perform measurements and reporting that start no earlier than the startTime. 
· If EndTime is provided, the device (UE/gNB) is expected to perform measurements no later than the EndTime. 

Proposal 4: With regards to the requested Time-domain measurement Window: 
· Study further the UE behavior when a limited number (or none) of PRS instances appears within a configured time-domain window.

Proposal 5: Support single-sample measurements in NR Rel-17 with the following details: 
· Single-sample measurements correspond to RSTD/RSRP/Rx-Tx measurements performed within a single DL PRS period and a single Measurement Gap (MG).
· Introduce new UE capabilities for supporting this low-latency Positioning feature
· Send LS to RAN4 to consider relaxed accuracy & measurement period requirements when single-sample processing is considered. 

Proposal 6: For the scenario of single-sample PRS processing, at least from RAN1 perspective, define the UE “Processing Time” of a PRS sample as follows:
· The start time is the time after the end of the last PRS resource of the PRS sample 
· The end time corresponds to the earliest time after which the UE is capable of reporting Positioning measurements derived from the PRS sample
· FFS: Relation of the “Processing Time” to the already existing (N,T) capability in NR Rel-16

Proposal 7: Send an LS to RAN2 to ask them to introduce responseTime at least as small as 100msec. Study further whether smaller values could be feasible in this release.  

Proposal 8: Support explicit signaling requesting from a UE to perform positioning measurements with a fast processing timeline. 

Proposal 9: For Measurement gaps shared between Positioning and mobility measurements, support increased priority of processing of Positioning resources when fast PRS processing is configured to the UE. 

Proposal 10: Support configuring a separate Measurement Gap for the purpose of Positioning only. Send an LS to RAN4 informing them about this agreement.  

Proposal 11: Consider defining a UE “processing time” within a MG for Positioning during which a UE is expected to finish the processing of the PRS instance transmitted within the “Measurement Time” of the MG. Support configuring SRS for Positioning during the “Processing Time” of the MG for Positioning.
· Minimum length of Processing Time shall be [4] msec
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