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Introduction
In the approved new WI for positioning enhancement [1], one important direction is to improve positioning latency of the Rel-16 NR positioning methods:· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]


This contribution discusses the latency reduction for measurement/report part for the positioning methods.
Discussion on measurement report
CG based UE measurement reporting
In Rel-16 NR positioning, the positioning measurement reporting from a UE to the LMF is transparent to the serving base station, and uses the regular uplink access procedure, with the UE having to send an SR to access the channel. This can result in significant delay.
Thus, one potential solution to save the procedure delay is to use CG PUSCH for reporting. Originally motivated by ultra-reliable and low latency communication (URLLC) service, NR spec introduced configured grant (CG) uplink transmission, which enables the UL transmission without dynamic grant. There are two types of configured grant supported in NR as shown in Figure 1:
· Configured grant Type 1, where an uplink grant configuration is provided by RRC, 
· Configured grant Type 2, where an uplink grant is provided by PDCCH, and also activated or deactivated by PDCCH.

              
[bookmark: _Ref70506498]Figure 1: configured grant Type 1 (left) and configured grant Type 2 (right)

A CG can be used to report the location measurements. For instance, in DL-TDOA method, a CG PUSCH to report RSTD could be configured with the same periodicity as the PRS, and could be scheduled after the PRS with a certain time distance to allow UE, taking into account the measurement processing delay and signal generation. The UE can then use the CG to report the RSTD. For other techniques, the similar reporting can be used. 
Comparing CG type 1 and type 2, the type 1 might be more suitable to the case that the semi-static PRS(s) is configured and the corresponding PUSCH could be transmitted for reporting the measuring these PRS(s).  While the CG type 2 could be more suitable to the case that the flexible setting of DL PRS resources is utilized. Thus with DCI configuration and activation/deactivation, the reporting could be more aligned with the DL PRS resources. 
Proposal 1: Configured grant PUSCH type 1 and type 2 are used for positioning measurement report in order to reduce the latency. 

DG based UE measurement reporting
As discussed in the CG-based UE measurement reporting, which is more suitable to the cases the periodical reporting is needed. On the other hand, when the case that a “one-time”-like reporting is needed, using dynamic reporting could be useful. One direction to reduce the latency for using DG PUSCH is that the UE should request the UL grant by regarding the reporting as a high priority, there are two aspects:
· High layer needs to consider the measurement report as high priority (with corresponding logical channel);
· Physical layer needs to configure high priority PUCCH SR for request the UL grant, so the gNB scheduler could know this is a high priority request.
With the above consideration, the reporting could save the signaling procedure latency.
Proposal 2: The DG PUSCH with high priority is considered for positioning measurement report in order to reduce the latency.
Measurement with Reduced Samples
In RAN1 #106 meeting, the following agreement was reached for latency reduction:
	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.



Another related agreement on latency improvement for NR positioning was approved in RAN4 #100 meeting:
	Agreement:
· Low latency enhancement
· 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



Based on the above agreements, RAN4 has confirmed the feasibility of reducing the number of DL PRS processing samples with some conditions. From RAN4 LS, it is clear that there are some scenarios (e.g. UE based positioning) where the LMF cannot decide whether to use reduced samples for measurement. For example, a UE could have a relatively low SNR but be in LOS conditions, thus can use a low number of samples. Conversely, a UE can be experiencing good SNR conditions, but significant multipath, and thus may benefit from a large number of samples. For these reasons, it is better to let the UE determine the number of samples to be used rather than the network. In order to maintain network control, the LMF should give an indication on whether current positioning request is marked as “low latency” or not, if yes, using the measurement samples less than 4 is allowed. Furthermore, even if the LMF allows reducing the number of samples, the UE might use different samples for measurement according to the side conditions. Thus, the UE should be able to indicate the number of samples to LMF, because it could reflect a level of confidence of the measurement results.
Proposal 3: 
· The LMF indicates whether the UE can use less than 4 samples.
· The UE determines the number of samples to be used and indicates it  to the LMF 
· Note: this applies for both UE-based positioning and UE-assisted positioning

PRS processing window
In RAN1 #106bis-e meeting, the following agreement was made for latency reduction:
	Agreement:
· With regards to UE determining the PRS priority with other DL signal/channels within the PRS processing window for PRS measurement outside MG, support the priority indicated by gNB.
· FFS: What are the other DL signals/channels
· With regards to the PRS processing window for PRS measurement outside MG, at least support the window indicated by gNB.
Agreement:
For PRS measurement outside MG, support the following Alt. 2 in the working assumption made in RAN1#106-e with the following update of the PRS cell condition.
· Alt. 2: Applicable to all PRS (serving and/or non-serving cell) under conditions to PRS of non-serving cell.
· The conditions at least include that the Rx timing difference between PRS from the non-serving cell and that from the serving cell is within a threshold
· The UE is not expected to determine whether the above condition is satisfied by performing measurements and instead can be determined using assistance data
· FFS: Rx timing difference between PRS from the non-serving cell and that from the serving cell is determined by the expected RSTD and expected RSTD uncertainty.
· Further discuss the necessity on the following additional conditions
· When the PRS is higher priority than other channels/signals, for capability 1A and 1B, the PRS from the non-serving cell have to be inside the PRS prioritization window.
· When the PRS is higher priority than other channels/signals, for capability 2, the PRS from the non-serving cell have to be in the same symbols as the PRS of the serving cell since the serving cell does not know the symbol position of neighbour cell PRS.



Another related working assumption on latency improvement was made in RAN1 #106 meeting for latency reduction:
	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.



PRS processing window configuration.
LMF or NG-RAN nodes configure a PRS processing window for UE after receiving the Location Service Request, and delivery of the configuration parameters to UEs for PRS measurement.
Refer to the configuration parameters of PRS processing window, it includes the following:
· bandwidth,  
· transmission periodicity,
· duration:  in our view, the duration of PRS processing window should be less than or equal to MG to achieve a same measurement requirement.
· the start point of duration within a transmission periodicity. This could be determined by an offset relative to the periodicity starting point.
In general, these parameters could be explicitly configured for flexibility, but in order to save signaling overhead, these information could be relatively configured to these configuration of MG.
Proposal 4: LMF or NG-RAN configures the parameters of a UEPRS processing window.



PRS priority
When the PRS resource is transmitted along with other DL signals/channels in the window (e.g., in a TDD mode or overlapped with each other), the UE should first report its UE capability on whether it can process PRS resource and other DL signals/channels simultaneously.  
If the UE can process the PRS resource and other DL signals/channels inside the PRS processing window at the same time, priority rules are needed. The other DL signals/channels can be, for example, SSB, SIB1, MSG2/MSGB, paging, etc. Following the common rule in current NR, the SSB has the top priority. In additional,RAN1 already had an agreement that the priority between PRS and other DL signals are indicated by gNB. We thus suggest indicating the priority between PRS and SSB, while PRS always has higher priority than other non-SSB DL signals.   
Proposal 5: Priority between PRS and SSB is indicated by gNB and PRS has higher priority than other non-SSB DL signals

Regarding the possible indication of priority between PRS and SSB, there could be three cases:
· PRS has higher priority than SSB;
· PRS has lower priority than SSB;
· PRS has equal priority as SSB. 
The first two cases are straight forward, and the UE knows whether to process PRS or SSB, respectively. However, for the third case , especially when indicated the capability of processing both PRS and SSB in the window, it is beneficial to have this equal priority due to the QCL relationship between PRS resource and SSB. For example, this is the case if UE can measure both SSB and PRS in the window, and a PRS resource holds type-D QCL relationship with one SSB: the UE could use the latest measurement of the QCLed SSB to help receiving the corresponding PRS. This can improve the accuracy of positioning and reduce the cumulative error over time. Thus, we suggest:
Proposal 6: Indication of priority between PRS and SSB includes 
· PRS has higher priority than SSB;
· PRS has lower priority than SSB;
· PRS has equal priority as SSB.
Conclusion
This contribution discusses the latency reduction for measurement/report part for the positioning methods. Observations and proposals are summarized as follows: 
Proposal 1: Configured grant PUSCH type 1 and type 2 are used for positioning measurement report in order to reduce the latency. 
Proposal 2: The DG PUSCH with high priority is considered for positioning measurement report in order to reduce the latency.
Proposal 3: 
· The LMF indicates whether the UE can use less than 4 samples.
· The UE determines the number of samples to be used and indicates it  to the LMF 
· Note: this applies for both UE-based positioning and UE-assisted positioning
Proposal 4: LMF or NG-RAN configures the parameters of a UEPRS processing window.
Proposal 5: Priority between PRS and SSB is indicated by gNB and PRS has higher priority than other non-SSB DL signals
Proposal 6: Indication of priority between PRS and SSB includes 
· PRS has higher priority than SSB;
· PRS has lower priority than SSB;
· PRS has equal priority as SSB.
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