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Introduction
During the previous RAN1#106-e meeting [1], the following agreements related to positioning latency reduction were made:
	Agreement:
Subject to UE capability, support LMF to explicitly request UE to report the measurement with either M-sample or 4-sample, if RAN4 has supported M-sample measurement.
· FFS signalling details.

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)

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

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.


This contribution provides a further discussion on some of the remaining open issues related positioning latency enhancements.
M-sample Measurements
The following conclusions were reached by RAN4 as noted in their reply LS [2]:
	RAN’4 Reply LS (R1-2108706):
RAN4 has evaluated the feasibility to reduce number of samples (M) and has reached the following conclusions so far:
· It is RAN4 understanding that the reduction of the number of DL PRS processing samples is possible under certain conditions
· In some cases, the reduction of the number of DL PRS processing samples is feasible under assumption of relaxation of the Rel-16 NR positioning accuracy requirements for the existing side conditions (e.g., SINR, PRS configurations, channel models, etc.)
· In some cases, the reduction of the number of DL PRS processing samples is feasible under assumption of keeping Rel-16 NR positioning accuracy requirements and for the case of using different side conditions (e.g., SINR, PRS configurations, channel models, etc.)
· For Rel-17, low latency NR Positioning requirements definition the goal is to meet the existing Rel-16 NR positioning accuracy requirements
· FFS whether to consider limited relaxations of requirements for specific scenarios
RAN4 would kindly ask RAN1 to consider that RAN4 will further discuss about the Rel-17 requirements associated with the accuracy, side condition and the measurement period for Rel-17 low latency measurement.



It can be observed that RAN4 noted the feasibility of M-sample DL-PRS processing in certain scenarios, although the accuracy requirements will have to be relaxed or are based on Rel-16 requirements. At the same time, RAN4 has acknowledged the latency reduction benefits of reducing the samples such that 1 ≤ M < 4. The discussions on M-sample measurements are ongoing in RAN4 and therefore, RAN1 may have to wait for further details regarding the Rel-17 performance requirements including positioning accuracy, side conditions and the measurement periods.

Proposal 1: RAN1 to wait until RAN4 has considered the Rel-17 requirements for M-sample measurements, in addition to Rel-16 positioning accuracy requirements.
Measurement Gap (MG) Considerations
MG Request, Activation/Deactivation
During the RAN1#106-e meeting, agreements were reached with regard to the request, activation and deactivation of the MG. Option 1, where the MG request can be transmitted to the serving gNB from the LMF offers better latency reduction gain since it enables parallelization of the UE measurement configuration and MG configuration as opposed to the UE requesting the MG configuration as in noted in Option 2. The current method of the MG request is a request sent via RRC signalling and Option 2 provides an incremental step forward by enabling the lower layers (UCI or MAC CE) to request the MG configuration. This is not to say that Option 2 does not offer any latency reductiongain at all, but comparatively Option 1 offers a larger latency reduction gain in terms of the logical signalling to be performed. Option 1 also enables timely request of MGs in the case that a pre-configured MG may be already configured to the UE.

Proposal 2: Option 1 request of the MG by the LMF via a NRPPa message can at least be supported.

Three options were considered during the previous RAN1#106-e meeting for the activation and deactivation of the MG, especially in the case of pre-configured MGs. Lower layer signalling activation/deactivation via DCI or MAC CE of the MG aims to reduce the latency when compared to the existing signalling mechanisms and thus can be considered more feasible. An issue with DCI activation/deactivation is the potential additional overhead and in this case the DL MAC CE is well suited to perform the MG activation/deactivation. On Option 3, it is still unclear how the UE can autonomously apply the MG, and if how the network is made aware of the MG activation/deactivation. 

Proposal 3: Activation/deactivation signalling Option 1: DCI and Option 2: DL MAC CE are feasible, although Option 2 is slightly more preferred.
Pre-configured Measurement Gaps 
A remaining issue is the support of pre-configured measurement gaps in order to reduce the latency required to request a MG for every DL-PRS occasion. The ability to pre-configure the MG can save on the corresponding latency in signalling of multiple MGs in a given period. Given a set of pre-configured MGs, the UE can appropriately select the corresponding MG to perform the DL-PRS measurement. Depending on the amount measurements to be performed and the measurement gap length (MGL), multiple MGs may need to be configured by the UE.

Observation 1: The UE can select one or more MGs for subsequent DL-PRS measurements from a set of pre-configured MGs to reduce overall latency.

A potential issue is the lack of awareness from the serving gNB as to which MG pre-configuration has been used for the DL-PRS measurement, especially with respect to the neighbouring gNBs. This can be resolved via assistance information from the LMF, which has overall knowledge of the different DL-PRS configurations from the serving and neighbouring gNBs.

Proposal 4: Support multiple pre-configured measurement gaps for latency reduction together with applicable assistance information from the LMF. 
Reduced Reporting Latency Enhancements
Multi-stage Reporting
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 [3], lacks the flexibility to accommodate multiple measurements with varying early response times for early measurement processing and reporting. Furthermore, the currently configured response time is the latest time at which the LMF can hope to receive the UE positioning measurements (similar to receiving the measurements in a best effort manner within the response time). Depending on the number and type of positioning methods configured, this time can vary considerably within the current minimum 1s response time window.
Observation 2: 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 readily available 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. 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

Observation 3: Multiple response times can enable reporting of low latency positioning measurements and position estimates with multiple fixes, thus avoid the constraint of being bounded by a single response time.
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 helps to decouple low and high latency positioning measurements.
Proposal 5: RAN1 to support explicit priority indications to increase flexibility of the UE processing and 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)
UL Grant for Measurement Reporting	
The CG-based transmission for positioning measurement reporting is motivated from the idea to aggressively schedule the positioning measurement reports on the UL in similar fashion to URLLC services, to reduce the overall latency. In NR, there are currently two types of the configured grants defined, viz. Type 1 and Type 2 grants:
· Type 1 grants can be configured via RRC including the periodicity
· Type 2 grants can be activated/deactivated via DCI.
The reduced latency can be realized via tight alignment between the LMF configured reporting periodicities and gNB CG-based periodicities, which can be exchanged via assistance information over the NRPPa interface.  The key idea would be to consider the ms time granularity in the current reportingInterval IE for periodical reporting, which currently supports periodic intervals of 1, 2, 4, 8, 10, 16, 20, 32, and 64 seconds [3], which is not aligned with the supported periodicities of Type 1 and 2 UL CGs. It is therefore important that the gNB and LMF would need to align on these periodicities for reporting. 
Furthermore, the benefits are more apparent for the LPP ProvideLocationInformation message, which contains the measurements and/or location estimate but could also be equally applicable for the transmission of any other LPP messages.
Observation 4: UL CG grant enables more aggressive scheduling of the measurement report. 
Proposal 6: Support Type 1 and Type 2 UL CG-based transmissions for position measurement reporting.
Proposal 7: Support assistance information between gNB and LMF for enabling lower latency UL CG-based measurement reports. RAN3 to be consulted for impacts.
Additionally, the measurements can be ranked based on a configured priority in order for the measurement report to be transmitted via Type 1 or Type 2 CGs. This ranking can be used to determine which measurement reports are transmitted using the UL CG-based transmissions. 
Due to this tight timing constraints in transmitting the report, it may also happen that all measurements may not be processed in time for reporting, e.g. when a UE is configured with  PRS measurement report that may contain multiple quantities to be reported for the corresponding positioning techniques, then partial measurement reporting could be performed (especially for low-latency requirements), where multiple UL resources are configured or indicated and partial reporting is done on different instances of the UL resources. Basically, for a partial report, instead of processing the entire report, the UE starts reporting the individual parts as they are ready. The exact sequence of partial reporting i.e. which quantity is reported earlier than the other could be configured to the UE either explicitly to implicitly based on the required processing timeline for each quantity. Alternatively, some measurements can be dropped or transmitted at a later time if deemed not critical to satisfying the positioning latency constraints.
Proposal 8: Support partial reporting and/or measurement dropping for UL CG-based measurement reporting.
New Capabilities for low-latency positioning
In Rel-16, the DL PRS processing capabilities and periodicities have been defined according to [3, 4]:
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 9: Introduce additional T values for UE (N,T) processing capabilities. 
Conclusion
The following observation were noted:
Observation 1: The UE can select one or more MGs for subsequent DL-PRS measurements from a set of pre-configured MGs to reduce overall latency.
Observation 2: Current specification lacks the flexibility to accommodate multiple early DL-PRS measurements, which also impacts the overall reporting latency towards the LMF.
Observation 3: Multiple response times can enable reporting of low latency positioning measurements and position estimates with multiple fixes, thus avoid the constraint of being bounded by a single response time.
Observation 4: UL CG grant enables more aggressive scheduling of the measurement report.
Based on the discussion, the following latency reduction proposals are summarized as follows:
Proposal 1: RAN1 to wait until RAN4 has considered the Rel-17 requirements for M-sample measurements, in addition to Rel-16 positioning accuracy requirements.

Proposal 2: Option 1 request of the MG by the LMF via a NRPPa message can at least be supported.

Proposal 3: Activation/deactivation signalling Option 1: DCI and Option 2: DL MAC CE are feasible, although Option 2 is slightly more preferred.

Proposal 4: Support multiple pre-configured measurement gaps for latency reduction together with applicable assistance information from the LMF.

Proposal 5: RAN1 to support explicit priority indications to increase flexibility of the UE processing and 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)

Proposal 6: Support Type 1 and Type 2 UL CG-based transmissions for position measurement reporting.
Proposal 7: Support assistance information between gNB and LMF for enabling lower latency UL CG-based measurement reports. RAN3 to be consulted for impacts.

Proposal 8: Support partial reporting and/or measurement dropping for UL CG-based measurement reporting.

Proposal 9: Introduce additional T values for UE (N,T) processing capabilities.
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