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Introduction
[bookmark: OLE_LINK2]According to TR 38.857[1], latency reduction is one of the major target requirement in Rel-17. Hence the following objectives were approved to reduce latency reduction for NR positioning in RAN#91e meeting [2],
· Specify the enhancements of signaling, 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#106e, we gave consent to the some agreements and working assumption [3]. In this contribution, we provide our views on how to reduce latency for NR positioning.
Latency components for a measurement period requirement
As specified in TS 38.133 [3], when receiving 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)
1.  is the measurement duration for the last PRS RSTD sample, including the sampling time and processing time,  =  +  ,
In the following 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 2. 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 to be 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 (i.e. the time when 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 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 propose 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.
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 with some 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
	Agreement:
For the purpose of positioning latency reduction, with potential support of a new mechanism of MG request, consider the following options with a decision to be made in RAN1#106b.
·Option. 1: by LMF (via a NRPPa message)
·Option. 2: by UE (via UCI or UL MAC CE)


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.
In Rel-16, the reason why the measurement gap has to be requested by UE is that DL PRS configuration via LPP protocol is transparent to serving gNB. 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 (i.e. support transport of LPP message (N1) and NRPPa (N2) in a single message [6]). 
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 measurement 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.
	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.


Table 2: Value of parameter X for NR standalone measurement gap sharing
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 proceeded, thus the overall processing time is reduced. 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. 
UE Rx beam sweeping factor
As shown in section 2, UE Rx beam sweeping factor (default value is 1 for FR1 and 8 for FR2) contributes a lot for the overall measurement period. For UE Rx beam sweeping factor, the use case is for beam sweeping at UE side. UE may not always be able to virtualize up to 8 Rx beams. Therefore, if UE report Rx beam sweeping factor supported by the UE, which can be useful for LMF to manage the time budget. Meanwhile, if LMF has prior information of UE location or other channel conditions, similar to what we have agreed for M-sample report, LMF should be able to request a proper value of UE Rx beam sweeping factor, which can be smaller than 8 to reduce the measurement period.
Proposal 7: UE should report Rx beam sweeping factor according to the UE capability. Meanwhile, LMF should be able to request the value of Rx beam sweeping factor used for a location information report.
DL PRS measurement outside measurement gap
	Working assumption:
Subject to UE capability, support PRS measurement outside the MG, within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.
· Inside the PRS processing window, subject to the UE determining that DL PRS to be higher priority, support the following UE capabilities: 
· Capability 1: PRS prioritization over all other DL signals/channels in all symbols inside the window. 
· Cap. 1A: The DL signals/channels from all DL CCs (per UE) are affected.
· Cap. 1B: Only the DL signals/channels from a certain band/CC are affected.
· FFS: band or CC
· Capability 2: PRS prioritization over other DL signals/channels only in the PRS symbols inside the window
· A UE shall be able to declare a PRS processing capability outside MG.
· FFS: Details of capability signalling (e.g., per UE or per band, etc.)
· For the purpose of this feature, PRS-related conditions are expected to be specified, with the following to be down-selected:
· Alt. 1: Applicable to serving cell PRS only 
· Alt. 2: Applicable to all PRS under conditions to PRS of non-serving cell.
· Note: When the UE determines higher priority for other DL signals/channels over the PRS measurement/processing, the UE is not expected to measure/process DL PRS which is applicable to all of the above capability options.  
· Further study
· Further details of which other DL signals/channels to be prioritized 
· How the UE determines DL PRS’s priority based on one or more of the following:
· Opt. 1: Based on indication/configuration from serving gNB
· Opt. 2: Other options (e.g., implicit, signalling from LMF, etc)
· Whether UE can do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period
· How to do the PRS measurement when the conditions cannot be satisfied, e.g. when BWP switching happens
· Prioritization conditions of processing PRS over other DL channels/signals or vice versa.
· Send an LS to RAN2, RAN3 and RAN4 informing them of this working assumption and requesting feedback in case they have concerns.


We had approved the above working assumption in last meeting. In general, Rel-17 specification should define the UE behaviors of DL PRS measurement outside measurement gap, which will only happen in the following conditions,
· DL PRS reception should be prioritized over other DL signals/channels in a PRS processing window
· UE only conducts measurement inside the active DL BWP 
· DL PRS has the same numerology as the active DL BWP
In the following of this section, we provide our views on the remaining issues for DL PRS measurement outside measurement gap.
7.1 The same interpretation of PRS processing window for LMF/serving gNB/UE
From our point of view, LMF/serving gNB/UE should have the same interpretation of the PRS processing window. The general procedures to configure the PRS processing window are shown in the following Figure 2.


Figure 2 General procedures to configure the PRS processing window
· Step 1-a: UE should provide its capabilities for the PRS processing window to LMF.
· Step 1-b: UE should also provide its capabilities for the PRS processing window to serving gNB. 
· Step 2: Serving gNB should provide information of current active DL BWP (e.g. frequency, subcarrier spacing) to facilitate LMF to request a location information report from UE; Serving gNB can suggest the configuration of the PRS processing window to LMF: the start time, the length of the PRS processing window, the types of the PRS processing window etc. By doing this, serving gNB can well schedule its DL transmission in case the DL transmission should be deprioritized in the PRS processing window.
· Step 3-a: LMF configures the start time, the duration and the type of the PRS processing window to UE, where the configuration of the PRS processing window should be also provided to serving gNB; LMF should also indicate the DL PRS resources that should be measured by UE in the PRS processing window, which should ensure the UE can provide the location information report before the response time.
· Step 3-b: The information that configured by LMF to UE in Step 3-a should also inform the serving gNB, which can help serving gNB’s DL scheduling.
Observation 6: If serving gNB have the information of the DL PRS processing window (e.g. the UE capability, the start time and the duration of the DL PRS processing window), which can help serving gNB’s DL scheduling.
Proposal 8: Serving gNB should have the following information with respective to the DL PRS processing window,
· Serving gNB should know UE’s capabilities for the PRS processing window. 
· Serving gNB can suggest the configuration of PRS processing window to LMF, e.g. the start time, maximum duration, the type (Capability 1 or Capability 2).
· Serving gNB should be informed of the configuration of PRS processing window determined by LMF.
· Serving gNB should be informed of the DL PRS resources that are expected to be measured in the PRS processing window as requested by LMF.
7.2 Conditions to conduct DL PRS measurement in the PRS processing window
There is a remaining issue on whether the DL PRS measurement in the PRS processing window should only be applied to DL PRS from serving cell. From our point of view, if the positioning is only relied on DL PRS from serving cell, the positioning performance may be largely impacted since multilateration is not possible. However, in order to support DL PRS from non-serving cell, the serving cell well-tuned for communication purpose may not easily be adjusted to receive DL PRS from non-serving cell that have large offset of subframe boundary to serving cell. 
As we know, based on LMF’s a priori estimate of the UE location, LMF will provide a search window determined by an expected RSTD value and an expected RSTD uncertainty value, which will help UE to find the subframe boundary offset detected between a TRP and an assistance data reference TRP. The expected RSTD takes into account the expected propagation time difference as well as transmit time difference of PRS positioning occasions between the two TRPs. Therefore, if the search window between DL PRS from serving cell and DL PRS from non-serving cell is within the cyclic prefix length determined by the serving cell, UE should be able to receive the DL PRS from non-serving cell.
Proposal 9: Support UE to receive DL PRS from both serving cell and non-serving cell, where search window determined by an expected RSTD value and an expected RSTD uncertainty value between the DL PRS from serving  cell and non-serving cell should be smaller than a threshold (e.g the cyclic prefix length determined by the serving cell).
7.3 Compatibility between DL PRS measurement conducted inside and outside measurement gap
Following the Rel-16 specification, UE is expected to provide a location information report to LMF before a response time, where the response time should be large enough to ensure that UE can conduct all DL PRS measurements within measurement gap in a measurement period defined in TS 38.133. Therefore, a new measurement period expected to be smaller than the measurement period in Rel-16 should be defined for DL PRS measurement outside measurement gap. By doing this, LMF can configure a small response time to get a quick location information report. However, in some cases, it’s hard to ensure that the DL PRS can always meet the conditions to be measured in a PRS processing window,
· Case 1: Some of DL PRS resources provided in assistance data cannot be measurement inside active DL BWP (e.g. the DL PRS has different numerology as the active DL BWP or the DL PRS and active DLBWP are not overlapped)
· Case 2: The BWP switching happens within the PRS processing window so that the conditions cannot be met
According to the current LPP protocol, LMF can configure two response times for the early fix location information report and normal location information report respectively. We reuse this mechanism for the location information report based on the measurements conducted in the PRS processing window. For instance, as shown in Figure 3 below, UE is required to provide a first location information report before the first response time based on the measurements conducted in the PRS processing window. And, UE is required to provide a second location information report before the second response time, where the second location information doesn’t necessarily require UE to provide measurements conducted in the PRS processing window (e.g. LMF may consider UE needs the measurement period assuming DL PRS measurements conducted inside measurement gap to provide the second location information report). UE can provide the first location information report as soon as possible to reduce positioning latency. For instance, the first response time can be an early fix response time. Meanwhile, in order to have a balance between latency and accuracy, the second location information report can provide the measurements on the DL PRS resources when the conditions for PRS processing window are not met(e.g. the two cases above).


Figure 3 Support two response times in the location request
Proposal 10: In order to balance the positioning latency and accuracy, LMF can configure two response times in the location request,
· UE is required to provide a first location information report before the first response time based on the measurements conducted in the PRS processing window. 
· [bookmark: _GoBack]UE is required to provide a second location information report before the second response time, where the second location information doesn’t necessarily require UE to provide measurements conducted in the PRS processing window.
The following agreement in last meeting consider to support low layer triggering of MG to reduce positioning latency. 
	Agreement:
For the purpose of positioning latency reduction, with potential support a new MG activation and deactivation procedure, consider the following options with a decision to be made in RAN1#106b (and RAN4 to be informed about any decision made)
·Option. 1: DCI
·Option. 2: DL MAC CE
·Option. 3: UE autonomously applies the MG
FFS whether deactivation can be implicit via configurable number of the MG occasions


One of the use case for above agreement is to have the fallback mode when the BWP switching happens in the PRS processing window. As shown in Figure 4 below, UE cannot measure DL PRS without measurement gap after BWP switching. For the purpose of positioning latency reduction, a measurement gap should be triggered simultaneously with the BWP switching so that UE can continue measuring DL PRS inside the measurement gap.


Figure 4 BWP switching happens during the PRS measurement time window
Proposal 11: Support measurement gap triggering along with BWP switching (at least for DCI based BWP switching) when the conditions for DL PRS measurement in the PRS processing window cannot be satisfied after BWP switching.
7.4 UE capability for DL PRS measurement in the PRS processing window
As shown in the formula of section 2, the component Tlast is the measurement duration for the last PRS sample, including the sampling time and processing time,
Tlast = Ti + Tavailable_PRS,i
The Tlast is to consider the cases that PRS resources from different sets are not concentrated on the same MG instance or PRS resources appear in the end of the processing window. This component leads to additional latency for the sampling and processing of the last PRS sample. As we are trying to reduce the latency as much as possible, it’s not acceptable to take additional time after the end of the PRS processing window.
Observation 7: According to the measurement period defined in TS 38.133, UE needs additional latency for sampling and processing of the last PRS sample, which leads to a longer measurement period.
In order to reduce the latency for DL PRS measurement in the PRS processing window, the location information report should be ready right after the end of the PRS processing window. That is, UE has to finish all the DL PRS receiving and computation in the PRS processing window to make full use of its resources. As a Type 1 PRS processing capability shown in the Figure 5 below, a PRS processing window is divided into PRS buffering window and PRS computation window. UE is only expected to receive the DL PRS in the PRS buffering window. Then, based on the buffered DL PRS, UE can compute/process the DL PRS in PRS computation window to get ready for a location information report by the end of PRS processing window. According to this understanding, UE has to report its capability with at least one combination of {R, P} under the following interpretations,
· A PRS processing window is divided into PRS buffering window and PRS computation window. The PRS computation window starts right after the end of the PRS buffering window. UE is only expected to receive the DL PRS in the PRS buffering window.
· UE shall take P msec of time (the length of PRS computation window) to process up to R msec of symbols containing PRS resources expected to be received by the UE in the PRS buffering window


Figure 5 Type 1 PRS processing capability
There could be another UE implementation (Type 2 PRS processing capability as shown in Figure 6 below). UE may not need to buffer all the DL PRS before starting processing the DL PRS. That is, UE can do DL PRS receiving and processing simultaneously. Therefore, UE only needs to reserve enough time to process the latest DL PRS resource used for the location information report, which is quite similar to the CSI reference resource defined for CSI report. PRS computation time (T) is understood by the following,
· A time span (the value of N shown below) is calculated from an end of the latest DL PRS resource in the PRS processing window that is used for a location information report to the end of the PRS processing window 
· The value of N is not expected to be smaller than the PRS computation time (T) .



Figure 6 Type 1 PRS processing capability
Proposal 12: For the UE capability design for DL PRS measurements in a PRS processing window, at least consider one of the following options,
· Type 1 PRS processing capability: UE has to report its capability with at least of the combination {R, P}, 
· A PRS processing window is divided into PRS buffering window and PRS computation window. The PRS computation window starts right after the end of the PRS buffering window. UE is only expected to receive the DL PRS in the PRS buffering window.
· UE shall take P msec of time (the length of PRS computation window) to process up to R msec of symbols containing PRS resources expected to be received by the UE in the PRS buffering window
· Type 2 PRS processing capability: UE has to report its capability of PRS computation time (T) 
· A time span (N) is calculated from an end of the latest DL PRS resource in the PRS processing window that is used for a location information report to the end of the PRS processing window 
· The value of N is not expected to be smaller than the PRS computation time (T).
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 a subset of DL PRS from DL PRS in ProvideAssistanceData message for UE to measure and report the location information.
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 with some 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.
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. 
Proposal 7: UE should report Rx beam sweeping factor according to the UE capability. Meanwhile, LMF should be able to request the value of Rx beam sweeping factor used for a location information report.
Observation 6: If serving gNB have the information of the DL PRS processing window (e.g. the UE capability, the start time and the duration of the DL PRS processing window), which can help serving gNB’s DL scheduling.
Proposal 8: Serving gNB should have the following information with respective to the DL PRS processing window,
· Serving gNB should know UE’s capabilities for the PRS processing window. 
· Serving gNB can suggest the configuration of PRS processing window to LMF, e.g. the start time, maximum duration, the type (Capability 1 or Capability 2).
· Serving gNB should be informed of the configuration of PRS processing window determined by LMF.
· Serving gNB should be informed of the DL PRS resources that are expected to be measured in the PRS processing window as requested by LMF.
Proposal 9: Support UE to receive DL PRS from both serving cell and non-serving cell, where search window determined by an expected RSTD value and an expected RSTD uncertainty value between the DL PRS from serving  cell and non-serving cell should be smaller than a threshold(e.g the cyclic prefix length determined by the serving cell).
Proposal 10: In order to balance the positioning latency and accuracy, LMF can configure two response times in the location request,
· UE is required to provide a first location information report before the first response time based on the measurements conducted in the PRS processing window. 
· UE is required to provide a second location information report before the second response time, where the second location information doesn’t necessarily require UE to provide measurements conducted in the PRS processing window.
Proposal 11: Support measurement gap triggering along with BWP switching (at least for DCI based BWP switching) when the conditions for DL PRS measurement in the PRS processing window cannot be satisfied after BWP switching.
Observation 7: According to the measurement period defined in TS 38.133, UE needs additional latency for sampling and processing of the last PRS sample, which leads to a longer measurement period.
Proposal 12: For the UE capability design for DL PRS measurements in a PRS processing window, at least consider one of  the following options,
· Type 1 PRS processing capability: UE has to report its capability with at least of the combination {R, P}, 
· A PRS processing window is divided into PRS buffering window and PRS computation window. The PRS computation window starts right after the end of the PRS buffering window. UE is only expected to receive the DL PRS in the PRS buffering window.
· UE shall take P msec of time (the length of PRS computation window) to process up to R msec of symbols containing PRS resources expected to be received by the UE in the PRS buffering window
· Type 2 PRS processing capability: UE has to report its capability of PRS computation time (T) 
· A time span (N) is calculated from an end of the latest DL PRS resource in the PRS processing window that is used for a location information report to the end of the PRS processing window 
· The value of N is not expected to be smaller than the PRS computation time (T) .
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The maximum response time when UE can report an early location measurement report to LMF
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