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1 Introduction
At RAN1 #105-e e-meeting a few agreements were made with regards to latency improvements within the NR ePositioning WI: 
	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.

Agreement:
Send an LS to RAN2 informing that
· From RAN1 perspective, it is beneficial to support a finer granularity for location response time in order to reduce latency. 
· RAN2 is requested to check if it can be supported and design the signaling details if supported.



In this paper, we present our views with regards to this topic. 
2 Factors Impacting Measurement Period Formulation
In this section we discuss the dependence of Rel-16 measurement period requirements for PRS-RSTD, PRS-RSRP and UE Rx-Tx time difference on various factors, including UE PRS processing capability and number of samples. For convenience, below we reproduce the basic equations for PRS-RSTD measurement period [2]: (Similar equations apply for PRS-RSRP and UE Rx-Tx time difference)


The way this formula works is as follows: 
 corresponds to the total number of samples that are needed to be measured, wherein a sample corresponds to all the PRS resources within an effective period, denoted as . Further, for the last sample the UE requires  =  + , where  corresponds to the reported UE capability related to PRS processing. A quick overview of the factors:
·  is a factor that is used to control how each Measurement Gap is being shared between Positioning & mobility (RRM) measurements. If the factor is 1 it means that there is no sharing of the MG instances between the Positioning and the RRM measurements.  
·  is the Rx beam sweeping factor which takes the value 8 for FR2 and 1 for FR1. A factor of 8 in the above formulation was agreed under the conservative assumption that the UE will perform up to 8 Rx beam sweeps across 8 “group of instances/samples” assuming the UE is keeping a constant Rx beam within each “group of instances/samples”. 
·  are the factors that consider the  PRS processing UE capability with regards to the current PFL configuration. Assming the UE’s capabilities are large enough, these factors will be 1, and will not contribute to the latency. 
·  is the number of samples/instances (e.g. for a PRS with periodicity of X msec, it is assumed that at least  of periods are needed).
·   corresponds to an effective measurement periodicity (which is derived using the MGRP,  and UE’s reported capability ) 

 =  ,where   

which considers the alignment of the MG periodicity and the PRS periodicity. 
· 	 is the measurement duration for the last PRS RSTD sample, including the sampling time and processing time,  =  +  ,
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3 Enhancements related to interaction of Positioning & Mobility Measurements
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 1: For Measurement gaps shared between Positioning and mobility measurements, support increased priority of processing of Positioning resources when low-latency Positioning Measurements are expected by the UE. 

Proposal 2: Support configuring a separate Measurement Gap for the purpose of Positioning only. 
4 Single-Sample Positioning Measurements

The following agreement was achieved with regards to M-sample (M<=4) positioning measurements for NR Rel-17:

	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



To make further progress to this topic we consider that RAN1 could further progress to answer the following aspects:

· Do we need to specify UE behavior for M=1, M=2, M=3, or is it enough to consider only the M=1 scenario?

From our side, we consider that the single-sample (M=1) measurement is enough to be considered in NR Rel-17 for the purpose of low latency positioning. Since the specification already support M=4, adding M=1 will result to the minimum latency scenario at least with regards to this factor. One could argue that introducing support of M=2 or M=3 may be useful for trading off latency with accuracy, however, such a trade-off is unclear to us whether it is really essential to be added. Low-latency positioning is expected to operate in scenarios of relatively high SNR, and even if this is not the case, the specification already supports a large number of intra-instance repetitions to increase the SNR within an instance, without having to use combining across instances. Note that additional values of M would also require additional work in RAN4, and the benefits from this work seem too weak to justify it.

Proposal 3: Support only M=1 for low-latency enhancements and de-prioritize specification support for M=2 and M=3. 
· Introduce a UE capability whether a UE supports single-sample PRS processing

A UE is required to know whether it is expected to do M=1 or M=4 processing, or in other words, it needs to know whether it is expected to do low-latency positioning. This is required for several purposes at least for the budgeting the PRS processing & Measurement resources. For example, a UE is expected to be able to have different PRS processing capabilities if it is required to report the measurements fast back to the network. 

Proposal 4: Introduce signaling from the LMF in the Location Request message which signals to the UE that single-sample measurements are expected to be performed.
· FFS: Signaling details

Proposal 5: A UE should be able to report separate PRS processing capabilities for the case the UE performs single-sample (M=1) PRS measurements.
· FFS: Signaling details
5 Rx Beam Sweeping Factor Enhancements
In NR Rel-16, the Rx beam sweeping factor was introduced in RAN4 for the purpose of enabling the UE to perform Rx beam sweeping across samples before reporting for positioning measurements. It is assumed in NR Rel-16 that the , which was based under the worst case assumption that a UE will have up to 8 beams to sweep across different samples. 
For the purpose of low-latency Positioning, a UE may decide to use a smaller number of Rx beams (or use pseudo-omni beam) for reducing the number of samples it needs to process before reporting measurements. Therefore, we suggest the UE to have a capability to report to the LMF related to the Rx beam sweeping factor for the case of low-latency Positioning.  
Proposal 6: For low latency positioning, support a UE to report as a UE capability the  for the case that the UE receives a low-latency positioning request. 
6 Measurement Period for single-sample & relation to Tlast
If a measurement period for a single sample processing is considered, it is reasonable to start from the current NR Rel-16 measurement period formulation to see what would happen if only a single sample is used. 

We observe that in the single sample case, without a change in the NR Rel-16 measurement period formulation, the measurement period for single-sample PRS processing will be Tlast  since the factor below will become 0:



Tlast equals to Ti + Tavailable_PRS,i according to a previous RAN4 agreement: 

	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 



We observe that  such a value for the Tlast  was needed to take care of the scenarios that PRS resources of a PRS instance are “non-contiguous” in different MG instances 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 different MG instances
·  
Therefore, if we introduce single-sample measurements, without updating the Measurement period formula, 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). 

Observation 1: Introducing single-sample measurements without updating the legacy measurement period and the related interpretation of the parameters will lead to unnecessarily long measurement period.

For the purpose of low-latency positioning, it is better to focus on the following scenario of interest:
· All PRS resources of a PFL are configured within a small measurement window. It wouldn’t make sense to have spread out in time PRS resources and at the same time requesting to do low latency positioning. 

Observation 2: For low-latency positioning, all PRS resources of a PFL should be configured within a small measurement window (e.g. 2-8 msec).

· The UE is expected to start fast processing of the PRS resources after the end of the last PRS symbol and be ready to report some time after that. This UE would have to use all its available processing power to perform these extreme tasks in a shortest period of time possible, and therefore, during this time no other DL processing should be expected by the UE. 

Observation 3: For low-latency positioning, a UE would have to use all its available processing power to perform the PRS processing tasks in a shortest period of time possible, and therefore, during this time no other DL processing should be expected by the UE. 

Going one step further, we can actually reuse the already defined (N,T) parameters of the PRS processing in the following way in order to enable single-sample PRS measurements with a tight measurement period definition: 
· Assume the UE reports that it can process N msec of PRS symbols every T msec as a UE capability for single-sample PRS processing. 
· During a first contiguous window with duration of at least N msec, referred to as “Measurement Window”, up to N msec of PRS symbols are expected to be measured by the UE.
· During a second contiguous window of at least T-N msec length, which starts after the end of the measurement window, referred to as “processing window”,
· a UE is expected to process the measured PRS symbols and be capable of reporting the positioning measurements after the end of the window
· a UE is not expected to perform any other signal or procedures 

[image: ]

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

Proposal 7: For single-sample processing, the measurement period for measuring a single sample can be equal to T according to the reported (N,T) PRS processing capabilities under the following conditions: 
· During a first window with duration of at least N msec, referred to as “Measurement Window”, up to N msec of PRS symbols are expected to be measured by the UE.
· During a second window of at least T-N msec, which starts after the end of the Masurement Window, referred to as “Processing window”,
· a UE is expected to process the measured PRS symbols and be capable of reporting the measurements after the end of the processing window
· a UE is not expected to receive any other DL signals or perform any other DL procedures
· Minimum length of the Processing window shall be [4] msec
7 Enhancements related to configuration of MGs
7.1 Low-layer Request/Configuration/Activation of MGs
The following agreement was achieved previous meeting with regards to the enhancements for MG request and configuration: 
	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.



MG are now requested by the UE using an RRC message, and the serving gNB configures MG through an RRC message. It is generally known that an RRC reconfiguration message, or the RRC request message is associated with a 10-20 msec delay, whereas using a low layer signal (e.g. MAC-CEs) could reduce the delay and enable faster MG reconfiguration. 
The LocationMeasurementInfo message in RRC is used for the UE to request one or more MGs:
	[bookmark: _Toc60777248][bookmark: _Toc60868029]–	LocationMeasurementInfo
The IE LocationMeasurementInfo defines the information sent by the UE to the network to assist with the configuration of measurement gaps for location related measurements.
LocationMeasurementInfo information element
-- ASN1START
-- TAG-LOCATIONMEASUREMENTINFO-START
LocationMeasurementInfo ::=     CHOICE {
    eutra-RSTD                  EUTRA-RSTD-InfoList,
    ...,
    eutra-FineTimingDetection   NULL,
    nr-PRS-Measurement-r16      NR-PRS-MeasurementInfoList-r16
}
EUTRA-RSTD-InfoList ::= SEQUENCE (SIZE (1..maxInterRAT-RSTD-Freq)) OF EUTRA-RSTD-Info
EUTRA-RSTD-Info ::= SEQUENCE {
    carrierFreq                 ARFCN-ValueEUTRA,
    measPRS-Offset              INTEGER (0..39),
    ...
}
NR-PRS-MeasurementInfoList-r16 ::= SEQUENCE (SIZE (1..maxFreqLayers)) OF NR-PRS-MeasurementInfo-r16
NR-PRS-MeasurementInfo-r16 ::=      SEQUENCE {
    dl-PRS-PointA-r16                   ARFCN-ValueNR,
    nr-MeasPRS-RepetitionAndOffset-r16  CHOICE {
        ms20-r16                            INTEGER (0..19),
        ms40-r16                            INTEGER (0..39),
        ms80-r16                            INTEGER (0..79),
        ms160-r16                           INTEGER (0..159),
        ...
    },
    nr-MeasPRS-length-r16               ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6, ms10, ms20},
    ...
}



Proposal 8: For low latency MG request, support request of MG(s) with an UL MAC-CE from the UE.

Proposal 9: For low latency MG configuration, support configuration and/or activation of MG(s) with DL MAC-CE from the UE.
· FFS: Whether multiple MGs are needed to be previously configured and relation to the MAC-CE signaling.

What needs to be better understood is how the prior configuration of MGs could reduce the latency. If the prior configuration of MGs is happening by introducing a new RRC message that is received after the UE has received a location request, then it is unclear to us whether there will be any latency reduction compared to current Positioning procedures.  If the prior configuration of MGs is happening before the location request message, it is unclear how would a UE (or serving gNB) would know which subset of MGs should be configured, and therefore the motivation of this feature needs more clear justification.
Observation 4: With regards to the prior configuration of MGs, configurining multiple MGs after the location request message is received, will not reduce the overall latency.  If the prior configuration of MGs is happening before the location request message, it is unclear how would a UE (or serving gNB) would know which subset of MGs should be configured.  
7. Autonomous MG for Positioning
One option to reduce the signaling of configuring MGs, one option is to consider autonomous MGs for Positioning. 
The concept of autonomous gaps is not new; it was actually supported already in LTE (and in NR) in a subset of scenarios: Autonomous gaps corresponds to the case when the network doesn't configure measurement gaps for the UE, but the UE autonomously selects suitable gaps to receive system information of neighbour cells.
	From RRC 36.331 (Rel 9)
if si-RequestForHO is configured for the associated reportConfig: UE performs the corresponding measurements on the frequency and RATi indicated in the associated measObject using autonomous gaps as necessary;
else: perform the corresponding measurements on the frequency and RAT indicated in the associated measObject using available idle periods or using autonomous gaps as necessary;
NOTE : If autonomous gaps are used to perform measurements, the UE is allowed to temporarily abort communication with the serving cell, i.e. create autonomous gaps to perform the corresponding measurements within the limits specified in TS 36.133 [16]. Otherwise, the UE only supports the measurements with the purpose set to 'reportCGI' only if E-UTRANi has provided sufficient idle periods.
From 38.133 (NR Rel. 16)
9.11.2	CGI identification of an NR cell with autonomous gaps 
The UE shall identify and report the CGI of a known NR target cell when requested by the network for the purpose of reportCGI. Only one cell is provided to the UE with cellForWhichToReportCGI for identifying the CGI.The UE may make autonomous gaps in both downlink reception and uplink transmission for receiving MIB and SIB1 message according to clause 5.5.3 of TS 38.331 [2]. Note that a UE is not required to use autonomous gap if useAutonomousGaps is set to false. If autonomous gaps are used for measurement with the purpose of reportCGI, regardless of whether DRX is used or not, or whether SCell(s) are configured or not, the UE shall be able to identify a new CGI of NR cell within:



Proposal 10: For low latency Positioning, consider the option of autonomous MG for Positioning, wherein the UE, after it receives a low-latency location request, it is allowed to drop other DL signal processing/traffic during one or more window(s) of time without an explicit request/configuration from the serving gNB.
· Note: Coordination between UE-serving gNB-LMF may be specified to ensure seamless operation of the autonomous MG for Positioning.  
· FFS: Signaling details between the LMF and the serving gNB
· FFS: UE capabilities, duration of time of the autonomous gaps 
8 Discusion on MG-less PRS processing
The following agreement was reached with regards to MG-less PRS processing:

	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.




It is important to make first a few observations that we consider essential and demonstrate the basis of our approach with regards to this enhancement:
Observation 5: For any UE with a given processing resources, processing of the PRS resources will happen in shorter amount of time if there are no other DL processing or procedures that need to be perform simultaneously. 
This fundamental aspect demonstrates that, independent of configuring MG or not for PRS processing, a UE would require a PRS measurement & processing window so that it can perform the PRS processing to the shortest amount of time possible. 
Observation 6: PRS resources are not associated with a CC or BWP, and in many scenarios of interest, RF retuning is mandatory for the UE to retune and measure PRS resources. Specifying solutions for only a limited set of scenarios (i.e. when active BWP and PRS are overlapping), should be considered a second priority. 
One argument that could be considered in favor of MG-less PRS over MG-based PRS is the fact that in the former, it may appear as if the MG configuration/activation/triggering is not needed . In other words, one could argue that, if the specification supports MG-less PRS processing, then whenever the UE receives a location request, it will start measuring the available PRS resources without having to request for a Measurement gap, and therefore, the latency decreases. However, the counter-arguments are the following: 
· As described in Observations 5 & 6, a UE is still required to perform PRS processing uninterrupted from any other procedures, otherwise the PRS processing latency will increase. Removing the MG request to save a few msec of configuration latency, but at the same time, requesting the UE to multiplex PRS and other-channel Processing, will just result to similar or even worse latency.
· Similarly, if the UE is expected to measure outside the current BWP, the UE would either way need RF retuning time, and this will not be avoided. 
Observation 7: Removing the MG request/configuration under the assumption that the UE might save a few msec related to MG configuration, but at the same time, requesting the UE to multiplex PRS and other-channel Processing, will just result to the same or even, worse latency compared to the legacy MG-based Positioning. 
Having said the above, it is clear to us that, if we entertain a MG-less Positioning, we would have to introduce a PRS processing/prioritization window, otherwise low-latency Positioning will not be achieved. 
Furthermore, one could argue that in a MG-less Positioning feature, a UE could transmit SRS very close to the PRS since it may be allowed to transmit SRS in the same slot as the PRS (e.g. for M-RTT Positioning). This is indeed a valid argument in favor of an MG-less Positioning, but at the same time, it may just be easier specification-wise, and UE-implementation wise, to enable SRS for positioning transmission within a MG, especially if this is a MG dedicated for Positioning. 
8.1 Comparison of MG-based and MG-less Positioning
With regards to comparing MG-based with MG-less PRS, from functionality and specification-change perspective, one can envision the following table with potential desired features that are needed: 
	Desired Features
	MG-less PRS with Processing gap
	MG-based positioning

	RF Tune-in time
	New functionality
	No change

	PRS Measurement window
	No change
	No change

	PRS Processing window
	New functionality
	No Change

	RF Tune-out time
	New functionality
	No Change

	Transmission of UL-SRS for positioning close to the PRS
	No change
	New functionality


We observe that, if we target the above set of desired features, one should better enhance the MG-based positioning rather than trying to build from scratch an MG-less PRS processing feature in NR Rel-17. As was also discussed in Section 7.2, for low-latency Positioning, if the configuration/triggering/activation time is a concern, autonomous MG for Positioning can be supported, in which case, the best of both worlds are specified:
· Limited latency due to the absence of configuration/activation/triggering of the MGs
· Dedicated measurement and processing window for the UE to attempt the fastest PRS processing possible for a given UE processing capabilities
· RF tune-in/out for achieving generic solutions applicable to a broad range of scenarios
· SRS for Positioning transmission in close proximity to DL PRS (to reduce latency of RTT methods). 
Proposal 11: In NR Rel-17, for low latency positioning, support only a MG-based PRS processing (The option of autonomous MG-based Processing is not precluded, and we consider it as an enhancement of the legacy MG-based PRS processing feature).
9 Conclusions
Overall, we make the following proposals on beneficial enhancements to be specified during NR Rel-17 WI phase:
Proposal 1: For Measurement gaps shared between Positioning and mobility measurements, support increased priority of processing of Positioning resources when low-latency Positioning Measurements are expected by the UE. 

Proposal 2: Support configuring a separate Measurement Gap for the purpose of Positioning only. 

Proposal 3: Support only M=1 for low-latency enhancements and de-prioritize specification support for M=2 and M=3. 
· Introduce a UE capability whether a UE supports single-sample PRS processing

Proposal 4: Introduce signaling from the LMF in the Location Request message which signals to the UE that single-sample measurements are expected to be performed.
· FFS: Signaling details

Proposal 5: A UE should be able to report separate PRS processing capabilities for the case the UE performs single-sample (M=1) PRS measurements.
· FFS: Signaling details

Proposal 6: For low latency positioning, support a UE to report as a UE capability the  for the case that the UE receives a low-latency positioning request. 
Observation 1: Introducing single-sample measurements without updating the legacy measurement period and the related interpretation of the parameters will lead to unnecessarily long measurement period.

Observation 2: For low-latency positioning, all PRS resources of a PFL should be configured within a small measurement window (e.g. 2-8 msec).

Observation 3: For low-latency positioning, a UE would have to use all its available processing power to perform the PRS processing tasks in a shortest period of time possible, and therefore, during this time no other DL processing should be expected by the UE. 

Proposal 7: For single-sample processing, the measurement period for measuring a single sample can be equal to T according to the reported (N,T) PRS processing capabilities under the following conditions: 
· During a first window with duration of at least N msec, referred to as “Measurement Window”, up to N msec of PRS symbols are expected to be measured by the UE.
· During a second window of at least T-N msec, which starts after the end of the Masurement Window, referred to as “Processing window”,
· a UE is expected to process the measured PRS symbols and be capable of reporting the measurements after the end of the processing window
· a UE is not expected to receive any other DL signals or perform any other DL procedures
· Minimum length of the Processing window shall be [4] msec

Proposal 8: For low latency MG request, support request of MG(s) with an UL MAC-CE from the UE.

Proposal 9: For low latency MG configuration, support configuration and/or activation of MG(s) with DL MAC-CE from the UE.
· FFS: Whether multiple MGs are needed to be previously configured and relation to the MAC-CE signaling.

Observation 4: With regards to the prior configuration of MGs, configurining multiple MGs after the location request message is received, will not reduce the overall latency.  If the prior configuration of MGs is happening before the location request message, it is unclear how would a UE (or serving gNB) would know which subset of MGs should be configured.  
Proposal 10: For low latency Positioning, consider the option of autonomous MG for Positioning, wherein the UE, after it receives a low-latency location request, it is allowed to drop other DL signal processing/traffic during one or more window(s) of time without an explicit request/configuration from the serving gNB.
· Note: Coordination between UE-serving gNB-LMF may be specified to ensure seamless operation of the autonomous MG for Positioning.  
· FFS: Signaling details between the LMF and the serving gNB
· FFS: UE capabilities, duration of time of the autonomous gaps 

Observation 5: For any UE with a given processing resources, processing of the PRS resources will happen in shorter amount of time if there are no other DL processing or procedures that need to be perform simultaneously. 
Observation 6: PRS resources are not associated with a CC or BWP, and in many scenarios of interest, RF retuning is mandatory for the UE to retune and measure PRS resources. Specifying solutions for only a limited set of scenarios (i.e. when active BWP and PRS are overlapping), should be considered a second priority. 
Observation 7: Removing the MG request/configuration under the assumption that the UE might save a few msec related to MG configuration, but at the same time, requesting the UE to multiplex PRS and other-channel Processing, will just result to the same or even, worse latency compared to the legacy MG-based Positioning. 
Proposal 11: In NR Rel-17, for low latency positioning, support only a MG-based PRS processing (The option of autonomous MG-based Processing is not precluded, and we consider it as an enhancement of the legacy MG-based PRS processing feature).
10 [bookmark: _Ref450583331]References
1. RP-193237, “New SID on NR Positioning Enhancements”, Qualcomm Incorporated, Sitges, Spain, December 9th – 12th, 2019.
1. [bookmark: _Ref28372800]R1-2008618, “Evaluation of achievable Positioning Accuraccy & Latency”, Qualcomm Technologies Inc.
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