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Introduction
According to TR 38.857 [1], latency reduction is one of the major target requirement. Hence the following objectives were approved to reduce latency reduction for NR positioning in RAN#91e meeting [2],
· 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 provide our views on two RAN1-led items in above objectives.
Latency reduction related to the time needed to perform UE measurements
As specified in TS 38.133 [3], when physical layer receives last of ProvideAssistanceData message and RequestLocationInformation message from LMF via LPP, the UE shall be able to measure multiple (up to the UE capability) location measurements (e.g. DL RSTD, DL PRS-RSRP or UE Rx-Tx time difference) within a measurement period. The major impacting factors for the measurement period are as below,
1. number of positioning frequency layers
1. CCSF (Carrier-Specific Scaling Factor)
1. UE Rx beam sweeping factor
1. the number of DL PRS resources in a positioning frequency layer configured in a slot and UE capability for number of DL PRS resources that it can process in a slot as indicated by maxNumOfDL-PRS-ResProcessedPerSlot 
1. the periodicity of DL PRS resources on a positioning frequency layer
1. the number of samples
1. {N,T}: N is a duration of DL PRS symbols in ms corresponding to durationOfPRS-ProcessingSysmbols processed every T ms corresponding to durationOfPRS-ProcessingSymbolsInEveryTms 
1. measurement gap repetition period (MGRP)
1. muting option 1 (the periodicity of a PRS resource is scaled by N_muting=X*dl-prs-MutingBitRepetitionFactor, X is the size of NR-MutingPattern-r16 for mutingOption1-r16)
In the following sub-sections, several enhancements are proposed to reduce latency related to related to the time needed to perform UE measurements
2.1 Measure and report location information based on a subset of DL PRS
[bookmark: _GoBack]Based on the current designs, reporting interval (or response time requirement for the first location information report) or maximum response time for a location information report should be larger than the measurement period, so that UE has enough time to measure and report the location information report as requested by LMF. However, the measurement period defined in TS 38.133 has to consider all DL PRS configured in ProvideAssistanceData message for a location information report in current design. For example, the value of the measurement period shall include DL PRS from all positioning frequency layers and all TRPs, which leads to large UE processing latency.
Observation 1: The measurement period defined in TS 38.133 has to consider all DL PRS configured in ProvideAssistanceData message for a location information report, which leads to large UE processing latency
As specified in TS 37.355 [4], UE can send a ProvideLocationInformation containing early location information according to the responseTimeEarlyFix and a subsequent ProvideLocationInformation containing final location information according to the response time(denoted by T0) as depicted in Figure 1. However, LMF is not aware of what kinds of DL PRSs have been measured for the early location information. Therefore, it’s hard for LMF to configure the value of responseTimeEarlyFix so that UE may not have enough time to prepare the early location information, or LMF may not get preferred location information from the early location information report 


Figure 1 the reporting mechanism for early location information report
Observation 2: LMF is not aware of what kinds of DL PRSs have been measured for early location information, so it’s hard to configure the value of responseTimeEarlyFix to meet the measurement period requirement.
In addition, LMF can only configure a value of responseTimeEarlyFix in current specification, which means UE can only report one early location information report prior to a response time (e.g. the time UE is required to report a location information report as denoted by T value in Figure 1). However, UE may measure and buffer more and more new location measurements, which is not able to report prior to the response time. So, LMF cannot get location measurements as much as possible before the response time, which is of course leading to higher latency to derive a UE location.
Observation 3: UE can report only one early location information report prior to a response time in current specification.
According to above analysis, in order to reduce positioning latency, Rel-17 NR positioning should consider following three aspects.
In one aspect, for a specific location information report, LMF should be able to select a subset of DL PRS from DL PRS in ProvideAssistanceData message for UE to measure and report the location information report. The rationale behind this enhancement is that LMF may have prior information of UE location or channel conditions. Hence, in order to get quick location information report, UE is not necessary to measure all DL PRS configured in ProvideAssistanceData message. By this way, the selected DL PRS may determine a short measurement period. So UE is capable of reporting the location information report in a short amount time considering the corresponding measurement period and without requiring UE to measure all DL PRS configured in ProvideAssistanceData message. As an instance, in Rel-17, LMF should be allowed to select a subset of DL PRS in RequestLocationInformation message. Then UE shall report a location information report in ProvideLocationInformation according to the subset of DL PRS.
[bookmark: OLE_LINK1]Proposal 1: In order to reduce UE measurement time of a location information report, LMF should be allowed to select/configure a subset of DL PRS from DL PRS in ProvideAssistanceData message for UE to measure and report the location information report.
In another aspect, to enhance the reporting mechanism of early location information report, UE should be aware of what kinds of DL PRS are required to measure. Therefore, both LMF and UE will have information of the corresponding measurement period required to prepare the early location information report. In one case, if LMF would like to get an early location information report in a short amount time, LMF can configure a small value of responseTimeEarlyFix according to the associated DL PRS for this early location information report. Therefore, UE may prioritize to process the associated DL PRS to get quick response of the early location information report from UE.
Proposal 2: In order to get quick response of an early location information report, LMF should be able to configure an early location information report associated DL PRS used to derive the early location information report.
In a third aspect, for the purpose of reporting new location measurements as soon as possible, Rel-17 should allow UE to report multiple early location information reports prior to a response time. In this way, LMF can get timely location measurements to update UE location.
Proposal 3: For the purpose of reporting new location measurements in time, Rel-17 should allow UE to report multiple early location information reports prior to a response time.

2.2 Default values for parameters in measurement period
As mentioned in section 2.1, the measurement period increases along with the following parameters, 
1. UE Rx beam sweeping factor (default value is 1 for FR1 and 8 for FR2)
1. the number of samples (default value is 4)
For UE Rx beam sweeping factor, the use case is for beam sweeping at UE side. If LMF has prior information of UE location or other channel conditions, LMF may be able to configure a proper value of UE Rx beam sweeping factor, which can be smaller than 8 to reduce measurement period.
For the number of samples, the parameter is to measure more than one samples to get higher confidence of the location information report. In order to reduce positioning latency, Rel-17 should support location information report based on the number of samples less than 4. For example, a special case is one-shot location measurement.
Proposal 4: In Rel-17, some parameters (e.g. UE Rx beam sweeping factor and the number of samples) in measurement period should be configurable, if possible, reported by UE.

Latency reduction related to the measurement gap
In Rel-16 NR positioning, UE may require measurement gaps for performing the requested location measurements while measurement gaps are either not configured or not sufficient. The measurement gap request is via RRC signalling in LocationMeasurementInfo [5] from UE. Meanwhile, the measurement gap configuration is via RRC signalling in MeasGapConfig [5] from serving gNB. According to TR 38.857 [1], measurement gap request and configuration is a major component to physical layer latency. The total latency of measurement gap request and configuration is about 18-22 ms as shown in Table 1.
	RRC Location Measurement Indication
	5-8.5 ms
	Processing delays: 5-8 ms
-	UE: TUEProc-RRCLocationMeas
-	gNB: TgNBProc-RRC
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB

	RRC Measurement Gap configuration
	13-13.5 ms
	Processing delays: 13 ms
-	UE: TUEProc-RRCReconf
-	gNB: TgNBProc-RRC
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB


Table 1 Latency for measurement gap request and configuration
Observation 4: The measurement gap request and configuration is a major component to physical layer latency. The total latency of measurement gap request and configuration is about 18-22 ms.
The reason why the measurement gap has to be requested by UE is that DL PRS configuration is transparent to serving gNB via LPP protocol. As a result, serving gNB cannot decide whether the pre-configured measurement gap for RRM can be sufficient to positioning measurement or not. However, LMF has the control over what positioning DL PRS have to be measured by UE. Therefore, it would be a promising way to allow LMF to request/recommend/suggest the proper measurement gap for location measurements. By this means, the positioning latency can be reduced in following aspects,
· The measurement gap request is performed by LMF. So the latency for RRC Location Measurement Indication from UE is not necessary.
· The procedures for providing assistance data via LPP protocol and measurement gap request from LMF via NRPPa protocol can be conducted in parallel. 
· The procedures for providing assistance data via LPP protocol and RRC Measurement Gap configuration from serving gNB via RRC signalling can be also conducted in parallel. 
According to TR 38.857, the delay for measurement gap request from LMF via NRPPa protocol, RRC Measurement Gap configuration from serving via RRC signalling and providing assistance data via LPP protocol are about 13-29 ms, 13-13.5 ms and 28-44.5 ms respectively. Therefore, if LMF is allowed to request the proper measurement gap for location measurements, the total latency for measurement gap request and configuration is about 26-42.5 ms, which is smaller than the delay for providing assistance data and thus is not necessary to be counted on the overall positioning latency. That’s because measurement gap request from LMF can be parallel with the operation of providing assistance data. 
Observation 5: If LMF is allowed to request measurement gap for location measurements, the latency for measurement gap request and configuration will not contribute to the overall positioning latency.
Proposal 5: For the sake of latency reduction related to the measurement gap, Rel-17 should be able to allow LMF to request measurement gap.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views to reduce NR positioning latency, the following observations and proposals are proposed,
Observation 1: The measurement period defined in TS 38.133 has to consider all DL PRS configured in ProvideAssistanceData message for a location information report, which leads to large UE processing latency
Observation 2: LMF is not aware of what kinds of DL PRSs have been measured for early location information, so it’s hard to configure the value of responseTimeEarlyFix to meet the measurement period requirement.
Observation 3: UE can report only one early location information report prior to a response time in current specification.
Proposal 1: In order to reduce UE measurement time of a location information report, LMF should be allowed to select/configure a subset of DL PRS from DL PRS in ProvideAssistanceData message for UE to measure and report the location information report.
Proposal 2: In order to get quick response of an early location information report, LMF should be able to configure an early location information report associated DL PRS used to derive the early location information report.
Proposal 3: For the purpose of reporting new location measurements in time, Rel-17 should allow UE to report multiple early location information reports prior to a response time.
Proposal 4: In Rel-17, some parameters (e.g. UE Rx beam sweeping factor and the number of samples) in measurement period should be configurable, if possible, reported by UE.
Observation 4: The measurement gap request and configuration is a major component to physical layer latency. The total latency of measurement gap request and configuration is about 18-22 ms.
Observation 5: If LMF is allowed to request measurement gap for location measurements, the latency for measurement gap request and configuration will not contribute to the overall positioning latency.
Proposal 5: For the sake of latency reduction related to the measurement gap, Rel-17 should be able to allow LMF to request measurement gap.
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