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Introduction
[bookmark: _Hlk510705081]The Rel-17 WI on NR positioning enhancements has objectives that require RAN4 involvement regarding positioning measurement latency. The WID [1] identifies that UE measurement and measurement gap configuration can be further improved in RAN4.
	· 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:
· 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]


As discussed in RAN4 #100-e, RAN4 further monitors RAN1 and RAN2 progress on latency reductions, and the WF in [2] captures RAN4 views from the last meeting. We discuss schemes to reduce measurement latency in this contribution
Discussion 
[bookmark: _Hlk79123718]Through Rel-16 NR positioning studies measurement time period has been specified as minimum requirement. RAN4 reviwed the measurement period and found room to reduce the latency in Rel-17 phase. In RAN4#100, companies identified items listed below for latency reduction :
· Reduced number samples of PRS measurement
· Latency enhancement by reducing RX beam
· Latency enhancement in UE processing capability
· Latency enhancements in relation to measurement gaps

[bookmark: _Hlk85534062] Reduced number samples of PRS measurement

	RAN4#100 Agreement
Reduction of DL PRS processing samples is possible under certain conditions 
· 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
FFS: increasing feasibility to reduce number of processing samples with new higher side conditions Ês/Iot
FFS based on outcome of study on reducing PRS processing samples
FFS feasibility of M = 1 sample

RAN1 #106b Agreement:
For the PRS processing sample number M, at least M = 1 is supported.



R4-2115366 has been sent to reply to the LS R1-2106185. RAN4 shared view that the reduction of the number of DL PRS processing samples is feasible with conditions. RAN4 also noted a concern on accuracy performance. RAN4 states they will study further on the performance and condition. The number of sample M can be 1<=M<4, but a specific number of M is not suggested in the RAN4 LS. 
Basically, a key question is if compromising accuracy performance for latency reduction is acceptable, or if keeping the same accuracy while compromising on the side conditions is acceptable. From the network point of view, it is unlikely that LMF implementation considers various M numbers depending on the channel conditions between a neighbour cell and a service UE. A unified implementation of a localization algorithm for low latency is easier as well as unified UE measurement behavior on multiple neighbour cells. For example, if a UE is configured to measure PRS from 8 cells, a UE measurement period is defined as one measurement cycle, it would be hard to consider different measurement period for cells with good or poor channels or SNR. Therefore, though M can be concluded as any number between 1<=M<4 through further RAN4 study, the most important usecase will be supporting M=1 which causes the shortest measurement latency. 
Observation 1 : From the network point of view, it is unlikely that LMF considers various M numbers and different measurement period depending on the channel conditions among neighbour cells and a service UE. 
Observation 2 : Supporting a single sample measurement (M=1) is important for latency reduction. RAN1 has agreed to M=1 is supported for low latency usecase.
The measurement accuracy is determined by SNR, PRS configuration, PRS bandwidth and channel models. RAN4 defines M=4 as minimum requirements, that targets at scenarios with the worst channel conditions such that SNR= -13dB, small bandwidth (RB size = 24). RAN4 needs to seek further information about the accuracy impacts on reasonable channel condition assumption and ranges (i.e. SNR >> -13dB, bandwidth (RB size >> 24) to confirm the feasibility of a single sample measurement for low latency. Although we agree that the measurement accuracy is important, the requirement does not need to be strictly fixed due to the worst case assumption.
If a minimum number of sample measurement is defined, LMF can configure a UE to measure DL-PRS by compromising between accuracy and latency. The only issue is how to apply accuracy requirements to the reduced number of sample measurements. We provide our performance observation in another Tdocs of R4-2119011.
Proposal 1: If a minimum number of sample (M) measurement is defined (i.e. M=1) with measurement conditions, LMF can configure a UE to measure measurement samples by compromising between accuracy and latency.
Proposal 2 : Add side conditions in the RRM requirements to satisfy minimum number of sample (i.e M=1) measurement or side conditions as not to apply accuracy requirement. 
We further provide views on conditions including functional and performance analysis. Firstly, ACG margin has been mentioned in RAN4#100.

	Reduction of DL PRS measurement samples M (1<=M<4) within same side conditions as in Rel-16
RAN4 to revisit AGC margins in the context of latency reduction
RAN4 to study under which circumstances additional sample or no additional sample needs to be considered for AGC margin when the number of samples only is 1 or 2.




We share the same view that a UE needs additional time to adapt AGC and RF chains as other RRM measurements do. However, the additional time is not always requirement. For example, when target PRS is transmitted within active BWP, AGC adaptation is same as data symbols. Additional sample time is not needed, which is similar as the measurement delay requirements of intra-frequency measurement without measurement gap.
When measurements across different carrier frequency or positioning measurement with BWP switching, a UE needs additional time to adapt AGC and RF. In this case, we consider one sample for RF setting adaptation. 
Observation 3 : When target PRS is transmitted within active BWP, additional measurement sample time is not needed, and a few OFDM symbol length is expected to train AGC.
Observation 4: When measurements across different carrier frequency or positioning measurement with BWP switching, a UE needs one additional sample to adapt AGC and RF setting.

Latency optimization by reducing RX beam 
Since locations of neighbor cells are not aligned at one direction, a UE needs extra RX beam search other than a serving cell beam. Therefore, the measurement period time reasonably considers extra time with assumption of the number of UE RX beam = 8. If UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info), we wonder if assumption of the number of UE RX beam = 8 is still required. A UE can select a RX beam QCLed with DL PRS. 
	RAN1#016b Agreement:
Introduce a new UE capability on lower Rx beam sweeping factor (<8) to reduce the PRS measurement latency for FR2 positioning frequency layers.
Send an LS to RAN4 to confirm.



Proposal 3 : RAN4 studies RX beam sweeping reduction if UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info). A UE is expected to perform full RX beam search with NRX beam = 8. 

 Measurement period optimizations for latency reduction

	RAN4#100
RAN4 to consider measurement period optimizations related to T_last for positioning frequency layers in which all PRS resources are contained within a single measurement gap instance per T_(available_PRS”,” i)
· FFS the details of such measurement period optimizations



In Rel-16, UE processing capability and PRS resource configuration are set without any restrictions on their relation. Any UE processing capability {N,T} from durationOfPRS-Processing field can be selected by UE up to its implementation, Also, PRS configuration is generally made in a cell-specific manner by LMF. Consequently, one potential issue is the misalginement between UE measurement processing and PRS resource allocation which can happen as shown in Figure 1. Figure 1-(a) shows a normal case in which UE measurement processing and PRS resource allocation are aligned. A UE completes a measurement within Tms and starts another measurement in every Pms. On the contrary when UE’s PRS processing time is longer than P ms, the next allocated PRS resources is not measured due to measurement processing delay, that leads to significant latency as shown in Figure-1 (b). 



(a) Normal case of UE measurement capability Tms and measured PRS allocation in P ms


(b) Problematic case that UE cannot not measure all of allocated PRS resources in P ms
Figure 1 : Time alignment between UE measurement capability Tms and measured PRS allocation in P ms
Observation 5: Rel-16 assumes that UE processing capability and PRS resource configuration are set without dependency. misalignment between PRS resource allocation and UE processing capability may happen causing additional latency.
Proposal 4: In order to avoid measurement latency, UE processing capability should fit in the PRS resource allocation. We propose at least to add a condition of measurement, that is 
   -  T ms < P ms where T ms is a UE processing time and P ms is PRS resource time window that network expects UE measurements.

 Latency enhancements in relation to measurement gaps
Investigation on latency improvements for positioning due to gapless measurements was done during the NR positioning enhancement study item. RAN1 is currently further investigating this enhancement in more detail and RAN4 is to await the outcome of this investigation. 
	RAN1#016b Agreement:
Support using UL MAC CE for MG activation request by UE (Option 2) for the purpose of positioning.
RAN1#016b Agreement:
Support the following option (from the agreement made in RAN1#106-e) for a new MG activation procedure to be performed by the gNB for the purpose of positioning.
· Option 2: DL MAC CE
· FFS: Deactivation process
RAN1#016b Agreement:
With regards to MG activation by DL MAC CE, further study
· DL MAC CE payload
· The necessity of pre-configuration of MGs in higher layers.



This RAN1 agreement is about preconfigured MG activation/deactivation. In fact, there is another discussion on preconfigured MG in measurement gap enhancement WI in RAN4. For positioning periodic location reporting can be configured with reporting intervals between 1 and 64 sec, which may require frequent RRC signalling. Positioning measurements require different MGP than previously configured by network for mobility measurement, the preconfigured MG activation/deactivation seems very useful to latency reduction of positioning measurement, and it is more practical solution comparing to MG-less positioning measurement. This RRC signalling load can be avoided by including PRS measurements to pre-configured MG pattern usage.
Observation 6 : Preconfigured MG is under discussion in measurement gap enhancement WI in RAN4. RRC signalling load and latency can be avoided by including PRS measurements to pre-configured MG pattern usage.
Observation 7 : RAN1 NR positioning WI has agreed on UL-MAC-CE for MG activation request by UE and DL MAC-CE-based MG activation procedure.  

	· RAN4#100 Pre-configured MG pattern agreements:
· The pre-configured MG activation/deactivation is triggered by the DCI/Timer based BWP switch 
· FFS if additional conditions for pre-configured MG activation/deactivation shall be considered 
· NW can control activation/deactivation of pre-configured MG for the specific BWP
· Option 1: via its RRC configuration message
· Option 2: via DCI or MAC configurations
· Additional explicit rules for pre-configured MG autonomous activation/deactivation shall be defined for the case when signalling is not provided
· UE capability on the support of NW-controlled and autonomous pre-configured MG activation/deactivation mechanisms can be further discussed



We note the study scope on the preconfigured MG overlap between NR positioning and MG-enhancement WIs. If Preconfigured MG mechanism is introduced in Rel-17, it won’t be only for positioning measurement, but also for mobility measurement as well. Therefore, we propose to discuss the preconfigured MG in Rel-17 MG-enhancement WI, and make aligned agreements.
Proposal 5 : RAN4 to review RAN1 view on Preconfigured MG for positioning and further discuss the preconfigured MG activation/deactivation in Rel-17 MG-enhancement WI to make aligned agreements across the WIs.


[bookmark: _Hlk85654852]LS discussion on PRS measurement outside measurement gap ( R1-2108639 )

	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.




RAN1 has sent L1 to ask about supporting PRS measurement outside the MG. It includes quite challenging behavior to network and UE. First, if DL-PRS is prioritized over DL signal/channel, it is not clear about UE behaviors on deprioritized DL signal/channel whether a UE still needs to try to decode DL signal/channels. Other features like URLLC has DL signal/channels priorities, we foresee DL-PRS priority can be conflicted with other DL signal/channels priorities.
Observation 8 : It is not clear about UE behaviors on deprioritized DL signal/channel whether a UE still needs to try to decode DL signal/channels. Other features like URLLC have DL signal/channels priorities, DL-PRS measurement priority can be conflicted with other DL signal/channels priorities.
Proposal 6 : Ask RAN1 about UE behaviors on deprioritized DL signal/channel and how to handle other DL signal/channels priorities of other features and the DL-PRS measurement priority.
Secondly, network behavior during the the PRS processing window is not clear. It is complex issue how network understands PRS processing window PRS processing window for data and measurement scheduling. We wonder if PRS processing window sets network scheduling restriction for UE measurements. If a serving cell can schedule on the resource where a neighbor cell transmit DL-PRS, measurement performance under serving cell will easily experience poor accuracy under very low SINR. In the other hand, it is not desirable to set another network scheduling restriction due to PRS processing window. 
Proposal 7 : Ask RAN1 to clarify network behavior during the PRS processing window if PRS processing window sets a serving cell scheduling restriction for UE measurements. 

Observation 9 : If a UE determines higher priority for other DL signals/channels over the PRS measurement/processing , there is a concern on a risk that a UE may miss important system information configurations. The priority must be clear between network and a UE. 

Observation 10 : A UE can perform measurement for both inside MG (if MG is configured) and outside MG in a measurement period in active BWP by a UE implementation.

Proposal 8 : DL-PRS measurement priority can be applicable to serving cell PRS only. Otherwise, high priority on DL-PRS from a neighbor cell causes issues in both a UE and a network. Priority on DL-PRS from a neighbor must be aware and accepted by a serving cell in advance.

Proposal 9 : Do not set any network scheduling restriction in a serving cell due to PRS processing window configuration




Conclusion
This contribution has discussed problems and approaches for latency enhancements for NR positioning in Rel-17.
Reduced number samples of PRS measurement
Observation 1 : From the network point of view, it is unlikely that LMF considers various M numbers and different measurement period depending on the channel conditions among neighbor cells and a service UE. 
Observation 2 : Supporting a single sample measurement (M=1) is important for latency reduction. RAN1 has agreed to M=1 is supported for low latency usecase.
Proposal 1: If a minimum number of sample (M) measurement is defined (i.e. M=1 or M=2) with measurement conditions, LMF can configure a UE to measure measurement samples by compromising between accuracy and latency.
Proposal 2 : Add side conditions in the RRM requirements to satisfy minimum number of sample (i.e M=1) measurement or side conditions as not to apply accuracy requirement. 
Observation 3 : When target PRS is transmitted within active BWP, additional measurement sample time is not needed, and a few OFDM symbol length is expected to train AGC.
Observation 4: When measurements across different carrier frequency or positioning measurement with BWP switching, a UE needs one additional sample to adapt AGC and RF setting.
Proposal 3 : RAN4 studies RX beam sweeping reduction if UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info). A UE is expected to perform full RX beam search with NRX beam = 8. 
Measurement period optimizations for latency reduction
Observation 5: Rel-16 assumes that UE processing capability and PRS resource configuration are set without dependency. misalignment between PRS resource allocation and UE processing capability may happen causing additional latency.
Proposal 4: In order to avoid measurement latency, UE processing capability should fit in the PRS resource allocation. We propose at least to add a condition of measurement, that is 
   -  T ms < P ms where T ms is a UE processing time and P ms is PRS resource time window that network expects UE measurements.
Latency enhancements in relation to Preconfigured MG
Observation 6 : Preconfigured MG is under discussion in measurement gap enhancement WI in RAN4. RRC signalling load and latency can be avoided by including PRS measurements to pre-configured MG pattern usage.
Observation 7 : RAN1 NR positioning WI has agreed on UL-MAC-CE for MG activation request by UE and DL MAC-CE-based MG activation procedure.  
Proposal 5 : RAN4 to review RAN1 view in Observation-7 on the preconfigured MG and further discuss the preconfigured MG activation/deactivation in Rel-17 MG-enhancement WI to make aligned agreements across the WIs.
PRS measurement outside MG (RAN1 LS R1-2108639 )
Observation 8 : It is not clear about UE behaviors on deprioritized DL signal/channel whether a UE still needs to try to decode DL signal/channels. Other features like URLLC have DL signal/channels set priorities, so DL-PRS measurement priority can be conflicted with other DL signal/channels priorities.
Proposal 6 : Ask RAN1 about UE behaviors on deprioritized DL signal/channel and how to handle other DL signal/channels priorities of other features and the DL-PRS measurement priority.
Proposal 7 : Ask RAN1 to clarify network behavior during the PRS processing window if PRS processing window sets a serving cell scheduling restriction for UE measurements. 
Observation 9 : If a UE determines higher priority for other DL signals/channels over the PRS measurement/processing , there is a concern on a risk that a UE may miss important system information configurations. The priority must be clear between network and a UE. 

Observation 10 : A UE can perform measurement for both inside MG (if MG is configured) and outside MG in a measurement period in active BWP by a UE implementation.

Proposal 8 : DL-PRS measurement priority can be applicable to serving cell PRS only. Otherwise, priority on DL-PRS from a neighbor cell causes issues in both a UE and a network. 
· Priority on DL-PRS RX from a neighbor cell must be aware and accepted by a serving cell in advance, if the priority is configured.

Proposal 9 : Do not set any network scheduling restriction in a serving cell due to PRS processing window configuration
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