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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 RAN1#105e, we gave consent to the following agreements [3],
	Agreement:
M-sample (1<=M<4) PRS processing corresponding to measurements performed within M instances of the DL PRS resource set on a PRS resource, subject to UE capability, is beneficial from a RAN1 perspective for latency reduction.
· One sample corresponds to one instance
· Send an LS to RAN4 informing that
· M-sample (1<=M<4) measurements corresponding to measurements performed within M (1<=M<4) instances of the DL PRS resource set on a PRS resource are beneficial for reduction of measurement latency from RAN1 point of view.
· RAN4 is requested to check the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set and identify the impact on requirements/side condition.
· RAN1 to further study at least the following aspects for allowing M-sample (1<=M<4) PRS processing
· Details of UE capability
· Signaling details, e.g., to indicate whether measurement is based on one or more samples
· Whether the PRS sample processing time is defined and the relation with (N, T).
· Note: This may have RAN4 dependency
Agreement:
RAN1 to further study at least the following aspects for MG enhancement with regards to MG requesting and configuration/activation/triggering for the purpose of latency reduction for positioning:
· Preconfiguration of multiple MGs 
· Triggering/activation of MG(s) with lower layer signalings (DCI or DL MAC CE)
· Request of MG(s) with lower layer signaling by the UE to the gNB 
· Request/determination of MG(s) by LMF indication to the gNB/UE
· Note: The combination of the above items is possible.
Agreement:
· Further study the following options (with the same numerology) to support PRS measurement without MGs for latency reduction in Rel-17
· Option 1: The PRS is from the serving cell and UE measurement is inside the active DL BWP 
· Option 2: The PRS can be from the serving cell and non-serving cell, and UE measurement is inside the active DL BWP 
· Option 3: The PRS (from the serving cell or non-serving cell) used for UE measurement may extend outside or be completely outside the active DL BWP (including with potentially a different numerology) 
· Note: RAN1 strives not to increase the PRS measurement time compared with Rel-16 MG-based measurement
· The following aspects are FFS
· PRS processing prioritization window
· Mechanism to trigger UE DL PRS measurements and report 
· UE/gNB assumptions on processing of DL PRS and other DL physical channels / signals
· UE DL PRS processing capabilities
· Note: Companies are encouraged to compare the latency benefits of introducing MG-less PRS measurements over MG-based PRS measurements
· Note: Depending on the comparison of latency benefits (and other considerations such as complexity) between introducing MG-less PRS measurements and MG-based PRS measurements, none/one/multiple of the above options should be adopted in Rel-17.


In this contribution, we provide our views on how to reduce latency for NR positioning.
Latency components for measurement period requirement
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 perform 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. Take the DL RSTD measurement as an example shown in the following equations.

 

The major impacting factors for the measurement period are identified 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 the time needed to perform UE measurements, based on the above identified factors.
Support a more flexible configuration and reporting structure
Based on the current design, 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 defined by RAN4, so that UE has enough time to measure and report the location information 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 as shown in the equation in section 1. For example, the value of the measurement period shall consider the processing time of 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[5], 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, and thus 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 location information request, 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 along with time goes on, 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 of course leads 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 NR 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 period of time considering the corresponding measurement period 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 an early location information report in ProvideLocationInformation according to the subset of DL PRS. 
As we know, for a RRM report, a measurement ID (identified by a MeasId) is indicated in the measurement report, where measurement ID includes the linking of a measurement object (identified by a MeasObjectId) and a reporting configuration (identified by a ReportConfigId). This kind of reporting structure shows flexibility to configure required RS and required report contents by network. Furthermore, RAN4 has defined measurement period for each of the measurement object. Therefore, a RRM report concerning on a measurement object only needs to consider the processing time of RS that includes in the measurement object. We suppose to reuse such mechanism on positioning measurement, which not only lead to the configuration flexibility but also the latency budget reduction.
[bookmark: OLE_LINK1]Proposal 1: In order to reduce UE measurement time of a location information report, LMF should be allowed to select 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 aligned 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 period of 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 at best effort.
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.
Measurement gap request from LMF
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 is 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 gNB 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 the measurement gap request from LMF can be in 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 allow LMF to request measurement gap.
Prioritize DL PRS measurement in a measurement gap
In Rel-16, only UE capabilities for DL PRS inside measurement gap were defined. In the meantime, for a measurement gap pattern other than #24 and #25, it’s shared among other kinds of measurement objects (e.g. inter/intra-frequency measurement objects and inter-frequency/inter-RAT measurement objects). The measurement period should be extended if there are a number of candidates needed to be measured in a measurement gap. Therefore, in TS 38.133, Carrier-Specific Scaling Factor (CSSF) is defined taking account of the impact of measurement gap sharing. As shown in section 2, CSSF has large impact on overall measurement period.
According to TS 38.133, the CSSF depends on the measurement gap sharing scheme configured by network and the number of candidates to be measured inside a measurement gap. The measurement gap sharing scheme indicates the probability of a measurement gap used for intra-frequency and other kinds of measurements (i.e. inter-frequency/inter-RAT measurement objects and NR PRS measurements) respectively as shown in the Table 9.1.2.1a-1 of TS 38.133.
Table 9.1.2.1a-1: Value of parameter X for NR standalone measurement gap sharing
	measGapSharingScheme
	Value of X (%)

	‘00’
	Equal splitting

	‘01’
	25

	‘10’
	50

	‘11’
	75

	Note:	It is left to UE implementation to determine which measurement gap sharing scheme in the table to be applied, when MeasGapSharingScheme is absent and there is no stored value in the field.


Latency reduction is one of the important motivation in Rel-17. Therefore, it’s reasonable that, in some cases, DL PRS measurement has higher priority than other candidates to be measured inside a measurement gap. For example, network can configure a dedicated sharing scheme for NR PRS measurement. By this way, the NR PRS measurement can get more chances to be measured, thus reduce the overall processing time. In an extreme case, the measurement gap can only be used for NR PRS measurement alone. Since RAN1 is the leading WG for measurement gap enhancement, we should inform RAN4 the benefits identified by RAN1.The feasibility of the enhancement on measurement gap sharing scheme to increase the probability of a measurement gap for DL PRS measurement can be checked by RAN4. RAN4 should do their corresponding work to define the related requirements.
Proposal 6: Enhance the measurement gap sharing scheme to prioritize the NR PRS measurement inside a measurement gap. RAN1 should send an LS to RAN4 on the benefits identified by RAN1. 
Considerations on DL PRS measurement inside the active DL BWP 
During the discussions in last meeting, several companies argued that DL PRS measurement inside the active DL BWP without MGs can reduce positioning latency. From our side, it’s questionable that this method can really benefit latency reduction according to following technical concerns,
· Currently, the serving gNB is not aware of the DL PRS that configured by LMF for a UE to measure. As a result, if UE wants to conduct DL PRS measurement inside the active DL BWP without MGs, the UE has to request serving gNB to tune its active DL BWP to cover the frequency range that the UE expects to measure the DL PRS. The request and configuration of DL BWP is quite similar to measurement gap request and configuration, which can’t reduce latency. What’s more, it may have large specification impact since current specification doesn’t support DL BWP switching requested by UE. Furthermore, one important question is whether the active BWP is dedicated for DL PRS reception or the active BWP can receive DL PRS and other channels simultaneously. If it’s the former case, it may force UE to support carrier aggregation. While the prioritization of DL PRS and other channels in latter case is more complex than the DL PRS received inside measurement gaps.
· If UE only measures DL PRS that intersects with current active BWP, so UE doesn’t need to request new active BWP. However, this impacts the positioning accuracy a lot for timing based positioning methods. Meanwhile, it’s hard to define UE capabilities and RAN4 requirements for this case since the frequency boundary of DL PRS and active BWP is configured by LMF and serving gNB separately. Some companies also proposed to support DL PRS measurement extended outside the active BWP. As we know, the configuration of BWP may have impact on hardware implementations, in which UE may need to tune its filter/RF chain to only receive signals inside the active BWP. If UE wants to receive DL PRS extended active BWP, one question is whether UE needs to reserve RF tuning time to receive the DL PRS. If the answer is yes, this is almost the same as measurement gap timing advance currently defined in RAN4 spec. It is even more flexible if we just support DL PRS measurement inside measurement gap.
· Another important issue is that the frequency boundary of DL PRS is not limited by a serving cell, which means DL PRS can be configured with a bandwidth larger than the serving cell if high positioning accuracy is required. In this case, how to meet the accuracy requirement and latency requirement at the same time if the DL PRS is only measured inside active BWP.
· If the intention is to support DL PRS measurement in MG-less scenario where the conditions that DL PRS happens to be configured within an active BWP and shares the same carrier spacing as the active BWP are satisfied, UE can conduct DL PRS measurement without/outside MGs. Otherwise, DL PRS needs to be measured within MGs. Mechanisms defined for intra-frequency measurements (RRM measurements) without measurement gaps can be reused. However, the transition from measurements performed outside measurement gaps to measurements performed inside measurement gaps may happen when network indicates UE to switch its active BWP. According to section 9.1.6 of TS 38.133 [4], when the measurement on one intra-frequency measurement object transitions from measurements performed outside gaps to measurements performed within gaps or vice versa during one measurement period, the measurement period requirements with the longer delay apply. Based on those, there are some issues needed to be clarified: 1) How serving gNB can know that UE is able to measure DL PRS without measurement gaps or outside measurement gaps? 2) Does RAN4 need to define new measurement period requirement when the transition happens for a location information report? 3) How to trigger a measurement gap after the transition when UE is not able to perform DL PRS measurement without measurement gaps? 4) Do we need to define a number of new UE capabilities when DL PRS measurement is conducted without or outside measurement gaps? 
Observation 6: Supporting DL PRS measurement without MGs doesn’t show clear benefits in terms of latency reduction, accuracy uninfluenced and flexibility improvement.
Observation 7: For DL PRS measurement in MG-less scenario where the DL PRS happens to be configured within an active BWP and shares the same carrier spacing as the active BWP, there are some issues needed to be clarified: 1) How serving gNB can know that UE is able to measure DL PRS without measurement gaps or outside measurement gaps? 2) Does RAN4 need to define new measurement period requirement when the transition happens for a location information report? 3) How to trigger a measurement gap after the transition when UE is not able to perform DL PRS measurement without measurement gaps? 4) Do we need to define a number of new UE capabilities when DL PRS measurement is conducted without measurement gaps?
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]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 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.
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 allow LMF to request measurement gap.
[bookmark: _GoBack]Proposal 6: Enhance the measurement gap sharing scheme to prioritize the NR PRS measurement inside a measurement gap. RAN1 should send an LS to RAN4 on the benefits identified by RAN1. 
Observation 6: Supporting DL PRS measurement without MGs doesn’t show clear benefits in terms of latency reduction, accuracy uninfluenced and flexibility improvement.
Observation 7: For DL PRS measurement in MG-less scenario where the DL PRS happens to be configured within an active BWP and shares the same carrier spacing as the active BWP, there are some issues needed to be clarified: 1) How serving gNB can know that UE is able to measure DL PRS without measurement gaps or outside measurement gaps? 2) Does RAN4 need to define new measurement period requirement when the transition happens for a location information report? 3) How to trigger a measurement gap after the transition when UE is not able to perform DL PRS measurement without measurement gaps? 4) Do we need to define a number of new UE capabilities when DL PRS measurement is conducted without measurement gaps?
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