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Introduction
The work item scope on NR positioning enhancements includes the following scope for latency reduction [1].
	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]


In this contribution, we continue discussion on potential enhancements related to the objectives below: 
Latency reduction related to the time needed to perform UE measurements
Latency reduction related to the measurement gap.

NR Positioning Latency Reduction
Latency reduction enhancements for NR Positioning were analyzed by RAN WG1 and RAN WG2 as captured in the 3GPP TR on NR positioning enhancements [2]. According to our analysis provided in [3], the latency components related to configuration/request of the measurement gaps and DL PRS processing delay are dominant ones and thus we continue discussion on relevant enhancements in the next subsections.

NR DL Positioning with Measurement Gap
The measurement gap request and configuration for UE DL positioning measurements significantly contribute to the latency of the Rel.16 NR positioning protocols. The RRC processing delays associated with measurement gap request and configuration may consume ~ 5ms + 10ms respectively [2]-[3]. To reduce latency associated with the measurement gap new solutions are needed for NR positioning methods that require DL PRS processing.
The following agreements were made by RAN1 to facilitate positioning with measurement gaps and reduced latency:
	On measurement gap request
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)

On measurement gap activation/deactivation
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


Legacy Procedure
To perform NR positioning, LMF sends location request to UE over LPP signaling. This signaling is currently transparent to gNB. Measurement gap request from UE and measurement gap configuration from gNB are transferred over RRC signaling messages respectively. The existing measurement gap signaling introduces significant radio-layer latency for NR positioning. In our view, the gains that may come from DL/UL MAC-CE (replacing RRC signaling for MGs) are not so significant to pursue new framework in radio-layers for NR positioning. Therefore, we discuss the following enhancements facilitating latency reductions associated with measurements gaps.

Option 1. MG request comes from LMF
The alternative option is to enable MG request from LMF. In this option, gNB and LMF can exchange signaling on possible MG configurations. The need for MG request can be provided from LMF to gNB. Upon reception of such request, gNB can transmit DCI to UE that waits for trigger to perform measurements. It is assumed that UE has pre-configured measurement gap configurations and valid location request. If this procedure is agreed, then from radio/physical layer perspective the maximum latency reduction can be achieved for UE DL PRS processing with measurement gaps.

Option 2. MG request comes from UE
Our understanding is that MG request over UCI can also reduce latency associated with the Rel.16 UL RRC signaling for MG request. This mechanism may also require pre-configuration of MG patterns.
The following solutions are possible in that case:
1) MG activation request is sent over UCI and is further confirmed by gNB using DCI
2) MG activation request is sent to gNB by UE over UCI w/o confirmation from gNB
3) UE autonomously selects / applies MG pattern among pre-configured ones
In our understanding autonomous mechanism w/o confirmation from gNB is not a desirable option since in this case gNB does not control radio resources. Therefore, DL confirmation signaling to acknowledge or deny MG request is still needed which is similar to MG activation from gNB to UE.

In our view for DL PRS processing with MG, the following enhancements can be considered [4] to reduce latency of NR DL positioning:
Pre-configuration of multiple MGs for DL PRS processing
· UE can be pre-configured in advance with a set of MG patterns with different settings (e.g. MG periodicity, length, gap offsets, etc.) and associated MG IDs
· It is assumed that pre-configuration of MG patterns is out of NR positioning latency budget. To reduce latency in this scenario, UE can be provided with DL PRS configuration(s) with small periodicity and multiple MGs configurations (having different periods, gapOffsets, length, etc.). gNB can indicate and activate MG configuration resulting in the minimum latency for pre-configured DL PRS configuration(s). The NW is expected to transmit DL PRS in time interval(s) corresponding to indicated MG.
· In general pre-configuration may happen in a similar way as configuration of DL PRS. The signaling details can be left to RAN2.
Dynamic indication of MGs for DL PRS processing (DL PRS MG activation)
· The DCI signaling can be used to indicate/activate one (or more) of the pre-configured MGs which are expected to be aligned with the DL PRS configuration(s). The choice of DCI signaling design is driven by latency reduction considerations (10ms latency requirement in selected IIOT use cases).
· The DCI signaling can at least indicate MG IDs, number of MG occasions/periods for UE DL PRS processing. In addition, DL PRS configuration ID requested/recommended for DL PRS processing can be indicated to UE.
Optimization of MG patterns for DL PRS processing
· In our view, enhancements targeting measurement gap pattern optimization can be directly discussed and defined by RAN4. RAN1 may provide guidance to RAN4 to consider optimization of MG patterns for positioning purposes, including length and period values to align with DL PRS configurations parameters (e.g., periodicity).

To support above enhancements, we assume that additional LMF-gNB (NRPPa) signaling will be defined to facilitate:
Pre-configuration of measurement gap patterns to UE
· It could be the assistance data for the gNB to determine the proper gap configuration
Measurement gap activation by gNB for the purpose of latency reduction (request to gNB may come from LMF)
Signaling to identify UEs and trigger DL PRS measurement and report.
If such signaling is defined gNB can transmit DCI for activation of measurement gap and DL PRS measurements. 

The above signaling details do not need to be discussed in RAN1 and can be discussed and decided in RAN2 and RAN3 directly. In Rel.17, the above enhancements can be supported at least for RRC_CONNECTED UEs and NI-LR and MT-LR operation for both UE-assisted/NW-based and UE-based positioning. Note that RAN2 is discussing “scheduled location time and preconfigured DL PRS has been agreed in RAN2. The pre-configuration of measurement gap patterns may work together with this functionality although this level of details can be left up to RAN2.

Based on discussion we have following proposal:


To reduce latency of NR positioning with MGs for DL PRS processing define the following enhancements
Support pre-configuration of multiple MG patterns for DL PRS processing by UE
Signaling details are left up to RAN2
Support new mechanism for MG request from LMF to gNB via NRPPa signaling
Signaling details are left up to RAN3
Support DCI signaling to activate pre-configured MG for DL PRS processing by UE
RAN1 to discuss necessary DCI formats / fields
Optimize Rel.16 measurement gap patterns (e.g., period, length, type) for NR DL PRS processing by UE and send LS to RAN4 with a recommendation to define new MG patterns for positioning
Inform RAN2/RAN3/RAN4 capturing outcome of the RAN1 discussion on MG enhancements for NR positioning latency reduction with a request to implement necessary NRPPa/LPP signaling

NR DL Positioning w/o Measurement Gap
NR positioning w/o measurement gap can provide the following potential benefits:
1) Potential for latency reduction since there is no need for MG request and configuration
2) Simultaneous processing of DL PRS and other physical signals / channels.
In our view, if MG enhancements discussed in section 2.1 are introduced, then incremental latency gains are expected to be small. Support of simultaneous processing of DL PRS and other DL physical signals/channels is also not so straightforward since it comes with extra complexity that may eventually increase processing delay especially if multiplexing of DL PRS and other DL signals needs to be considered.
At the last meeting it was proposed to introduce DL PRS processing window and support operation without measurement gap request for UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP. It is assumed that within DL PRS processing window UE processes DL PRS transmissions with higher priority to achieve latency reduction. The following working assumption was made for further analysis of MG-less operation at the RAN1#106e meeting:
	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.


In our view, latency benefits of MG-less solutions relative to enhanced MG-based solutions may not be significant. If the processing of DL PRS signals is prioritized within PRS processing window, the advantage of operation without MG is rather limited, given that UE anyway cannot simultaneously process DL PRS and other DL physical channels/signals. In addition, according to working assumption, UE is restricted to perform measurement only within DL active BWP and thus may be limited in terms of DL PRS bandwidth and therefore accuracy of positioning. If active DL BWP is assumed to have large bandwidth, then UE power saving characteristics likely to be affected.
Below, we provide our considerations on some of the issues mentioned in working assumption.
PRS processing window
· In our understanding, the motivation to define this window is to prioritize DL PRS reception vs other DL physical channels / signals. If it is the case, then original intention to support MG-less operation and thus enable simultaneous DL PRS and another DL channel/signal reception is lost.
· Given that UE is expected to process DL PRS only within active DL BWP then either UE positioning accuracy or power saving characteristics are likely to be affected.
· Support of DL PRS processing window and its duration are expected to be subject to UE capability. gNB and/or LMF need to be aware about PRS processing window, its duration and position in time as well as should be able to control it within UE capability. Therefore, some signaling b/w UE and gNB/LMF seems anyway needed.
PRS-related conditions and applicability to serving / non-serving cells
· This aspect relates to the discussion and UE assumptions for DL PRS processing (e.g., dense synchronized deployment). From UE perspective, it is certainly desirable to have all DL PRS transmissions synchronized and received within CP margin.
· If PRS processing window is assumed, then in general UE should be able to support DL PRS reception from both serving and non-serving cell. However, it needs to be discussed in terms of DL PRS prioritization for transmission and reception for both serving and neighboring cells.
PRS prioritization over all other DL signals/channels
· The following aspects need to be discussed
· How gNB knows what needs to be prioritized for transmission: DL PRS and/or other DL signals/channels?
· i.e., whether prioritization rules are predefined/pre-configured/indicated and by which entity?
· How UE knows whether reception of DL PRS or other DL signals/channels needs to be prioritized?
· i.e., whether this information is dynamically indicated to UE
· Whether it is expected that DL PRS and other DL physical channels signals can overlap in time/frequency?
· Whether serving and or non-serving cells can preempt DL PRS transmission within processing window?
Considering above performance tradeoffs and challenges that needs to be addressed, we prefer to have limited scope for this functionality in Rel.17 based on following assumptions:
Synchronized TRPs and DL PRS transmission (preferably controlled only by serving gNB)
PRS prioritization over all other DL signals/channels in all symbols inside the PRS processing window, at least from UE reception perspective
PRS processing window is indicated to UE by gNB


For support of DL PRS measurement without measurement gaps, strive for simplified solutions that minimize impact to specification and other WGs

M-Sample PRS Processing
RAN1 made the following agreement on NR positioning measurements at the last meeting
	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 signaling details


The RAN4 has provided the following response to RAN1 in [5]:
	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.


Based on reply from RAN4, it is feasible to support M-sample (1 <= M < 4) PRS processing to meet latency reduction objective. Therefore, we continue discussion on signaling details for DL PRS measurements. Considering Rel.16 and Rel.17 frameworks, some flexibility in configurability of M is desirable. At the same support of whole set of possible M values, i.e., 1, 2, 3, 4 seems redundant and may result in unnecessary extra specification options/efforts. From latency reduction perspective, the support of M = 1 is enough. The other values may provide close performance and if it is needed measurements can be requested for each occasion. Therefore, we think that support of M values configurable from the set of {1, 4} is sufficient and values {2, 3} are redundant, as well as it is unclear how LMF can determine the value to pick. Therefore, we prefer to simplify discussion and support M = 1 (targeting latency reduction) and M = 4 (legacy operation).
RAN1 already agreed that support of M sample processing will be up to UE capability. UE needs to indicate only whether M = 1 is supported, M = 4 can be assumed as supported as legacy Rel.16 behavior.
UE is expected to report capability to LMF and LMF can preconfigure whether UE is expected to perform one of the two measurement options (M = 1 or M = 4) for DL PRS processing by UEs.


Parameter M for UE DL PRS processing is configurable from the set of values {1, 4}
LMF indicates which value is expected to be used by UE for DL PRS processing 
Signaling details are left up to RAN2 

UE DL PRS Processing Capability
NR DL positioning support with MG requires definition of new UE capability signalling at least to indicate that UE supports single shot DL PRS processing (i.e., M = 1) and new mechanism for MG request/activation if it is agreed. 
In terms of UE DL PRS processing, some changes/modifications seem also needed at least for the following parameters:
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
· N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms
The additional T values need to be added, e.g., {1, 2, 4} ms. The set of existing N values can be reused.
NR DL positioning support without MG, if framework is finalized, also requires new UE capability signaling. In terms of DL PRS processing general the same set of values {N,T} can be used. 


Introduce additional values {1, 2, 4}ms for parameter T of UE DL PRS processing capability with measurement gaps
· i.e., T: {1, 2, 4, 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms

Conclusions
In this contribution, we have provided our views on latency reduction for NR positioning enhancements (the Rel.17 WI on NR positioning enhancements). In summary, we have following proposals:

Proposal 1: 
To reduce latency of NR positioning with MGs for DL PRS processing define the following enhancements
Support pre-configuration of multiple MG patterns for DL PRS processing by UE
Signaling details are left up to RAN2
Support new mechanism for MG request from LMF to gNB via NRPPa signaling
Signaling details are left up to RAN3
Support DCI signaling to activate pre-configured MG for DL PRS processing by UE
RAN1 to discuss necessary DCI formats / fields
Optimize Rel.16 measurement gap patterns (e.g., period, length, type) for NR DL PRS processing by UE and send LS to RAN4 with a recommendation to define new MG patterns for positioning
Inform RAN2/RAN3/RAN4 capturing outcome of the RAN1 discussion on MG enhancements for NR positioning latency reduction with a request to implement necessary NRPPa/LPP signaling

Proposal 2: 
For support of DL PRS measurement without measurement gaps, strive for simplified solutions that minimize impact to specification and other WGs

Proposal 3: 
Parameter M for UE DL PRS processing is configurable from the set of values {1, 4}
LMF indicates which value is expected to be used by UE for DL PRS processing 
Signaling details are left up to RAN2 

Proposal 4: 
Introduce additional values {1, 2, 4}ms for parameter T of UE DL PRS processing capability with measurement gaps
· i.e., T: {1, 2, 4, 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
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