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Introduction
During the previous RAN1#105-e meeting [1], the following agreements related to positioning latency reduction were made:
	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
[bookmark: _Hlk73048908]R1-2106184	[DRAFT] LS on PRS processing samples
Final LS endorsed in R1-2106185
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.

R1-2106315	[DRAFT] LS on granularity of response time	Huawei [RAN1]
Final LS endorsed in R1-2106316


This contribution discusses further open issues in this regard.
PRS Priority Processing
The current Rel-16 PRS priority processing design has room for enhancements in terms of enabling the LMF to explicitly configure low latency measurements that can be obtained with a reduced response time. The current implicit priority based on the appearance of the applicable assistance data in the list is ambiguous and requires the UE to measure the whole set of assistance data before reporting. The currently specified responseTimeEarlyFix [2], lacks the flexibility to accommodate multiple measurements with varying early response times for early measurement processing and reporting.
Observation 1: Current specification lacks the flexibility to accommodate multiple early DL-PRS measurements, which also impacts the overall reporting latency towards the LMF.  
Depending on the positioning latency budget and positioning QoS, the LMF could configure multiple explicit priority indicators covering the following positioning procedures, in order to reduce the time to first fix (TTFF) or overall end-to-end latency:
· Assistance Data (e.g., via ProvideAssistanceData):
· Explicitly priority indicators can be configured by the LMF to enable the UE to measure certain beams containing a specific set of DL-PRS resources. 
· This is contrary to the existing mechanism, where the UE needs to implicitly infer the priority of the whole configured set of assistance data. 
· Measurement Configuration (e.g., via RequestLocationInformation):
· Consider explicit priority indications associated to the required measurements corresponding to a particular positioning technique, which is configured by the LMF.
· Reporting Configuration (e.g., via ProvideLocationInformation)
· The reporting order to the LMF can be implicitly obtained from the aforementioned explicit measurement priority indications, which can enable timely and flexible reporting of the measurements using different response times.

In addition, depending on the number of positioning fixes, the LMF would expect multiple positioning measurement reports to be received from the UE. Figure 1 is an example of the flexibility introduced by explicit priority indications to reduce the round-trip latency between performing the measurements and transmitting the measurement reports in the case that multiple measurements are required for different positioning techniques or positioning fixes.

[bookmark: _Ref78992615]Figure 1: LMF configured explicit Priority Indications for measurement and configurations

According to Figure 1, it can be observed that multiple response times can be configured based on a set of priority indications to accommodate multiple subsets of measurements to increase the flexibility of receiving different reports with different latencies. This will also help to decouple low and high latency positioning measurements.
Proposal 1: RAN1 to support explicit priority indications to increase flexibility of the UE processing and providing help decouple low and high latency measurement reports transmitted to the LMF, which can be applicable to the following:
· Assistance Data (e.g., subset of PRS resources, TRP, beam info)
· Measurement and Reporting Configurations (enable multiple latency response times)
Measurement Gap (MG) Considerations
The current measurement gap configuration and design was found to be an additional bottleneck for the positioning latency as evaluated in [3, 4]. The following issues standout in particular:
1. The UE processing timeline is mainly affected by the Measurement Gap Repetition Period (MGRP) and may not be optimized for reducing positioning latency.
2. There is a delay associated with the target-UE requesting receiving the measurement gap (MG) configuration (via RRC) and subsequent application of this configuration.
MGL and MGRPs
The Rel-16 measurement gap configurations specified by RAN4 are shown below:

Table 3: Measurement Gap Configurations
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160

	24
	10
	80

	25
	20
	160



In addition, the currently supported DL-PRS periodicities are defined by the following:
TPRSperiodcity = 2μ{4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240}slots,
where µ={0, 1, 2, 3} for dl-PRS-SubcarrierSpacing-r16=15, 30, 60 and 120 kHz, which translates to the equivalent duration in ms (based on the configured SCS). It can be observed that 4 and 6 supported DL PRS periodicities can be accommodated with Gap Pattern Id 24 and 25, respectively. 
However, since the minimum MGRP is 20 ms, irrespective of whether the UE can process the DL PRS measurements in a shorter time (based on the aligned MGL and DL-Periodicity), there would be inherent delays due to the lack of support for lower MGRPs. It is also clear that the additional supported MGLs (highlighted in yellow) can accommodate larger PRS periodicities, which can result in better positioning accuracy. 
Observation 2: Current MGRP is a bottleneck for reducing the physical layer positioning latency.

Proposal 2: RAN1 to consider the latency reduction benefits of lower MGRPs. Send LS to RAN4 to determine feasibility of such an MG enhancement. 
New Capabilities for low-latency positioning
Single Sample processing capability
Single sample measurements performed with good link conditions (e.g., high SNR) can further reduce the overall measurement latency. As such a new UE capability has to be considered that takes into account at least N=1 sample measurement.
Proposal 3: Support a new UE capability for at least N=1 sample measurement.

In Rel-16, the DL PRS processing capabilities and periodicities have been defined according to [2, 5]:
durationOfPRS-Processing IE - Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE
· T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
· [bookmark: _Hlk71036044]N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms
maxNumOfDL-PRS-ResProcessedPerSlot IE - Indicates the maximum number of DL-PRS resources that UE can process in a slot. SCS: 15 kHz, 30 kHz, 60 kHz are applicable for FR1 bands. SCS: 60 kHz, 120 kHz are applicable for FR2 bands.
· FR1 = {1, 2, 4, 8, 16, 24, 32, 48, 64}
· FR2 = {1, 2, 4, 8, 16, 24, 32, 48, 64}
The goal should be to allow for a flexible configuration of a processing timeline to meet different latency constraints. According to the processing capabilities the following duration of PRS symbols can be processed every 8 ms: N = {0.125, 0.25, 0.5, 1, 2, 4, 6}. Currently, there only exists a single supported processing time for a UE that falls within the 10ms physical latency budget. It would therefore be recommended to introduce lower processing time (T) to reflect the current physical layer latency requirements.
Proposal 4: Introduce additional T values for UE (N,T) processing capabilities. FFS suitable T values that meet <10 ms requirement.
Conclusion
The following observation were noted:
Observation 1: Current specification lacks the flexibility to accommodate multiple early DL-PRS measurements, which also impacts the reporting latency towards the LMF.
Observation 2: Current MGRP is a bottleneck for reducing the physical layer positioning latency.
Based on the discussion, the following latency reduction proposals are summarized as follows:
Proposal 1: RAN1 to support explicit priority indications to increase flexibility of the UE of processing and providing different low latency measurement reports to the LMF, which is applicable to the following:
· Assistance Data (e.g., subset of PRS resources, TRP, beam info).
· Measurement and Reporting Configurations (enable multiple low latency response times).

Proposal 2: RAN1 to consider the latency reduction benefits of lower MGRPs. Send LS to RAN4 to determine feasibility of such an MG enhancement.

Proposal 3: Support a new UE capability for at least N=1 sample measurement.

Proposal 4: Introduce additional T values for UE (N,T) processing capabilities. FFS suitable T values that meet <10 ms requirement.
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