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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, following the agreements made at the previous meeting:
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.

	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:
· Pre-configuration 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.



For DL PRS processing with MG, the following enhancements can be considered [4] to reduce latency of NR 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.
Dynamic indication of MGs for DL PRS processing (DL PRS MG triggering/activation)
· The DCI or DL MAC CE 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 signaling design (DCI or DL MAC CE) depends on latency requirements. Considering 10ms latency requirement in selected IIOT use cases, the DCI signaling option is recommended to minimize latency.
· 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).
Low layer signaling for measurement gap request
· In Rel.16 NR positioning, measurement gap request for DL PRS processing is based on RRC signaling. To reduce latency for MG request, the low layer signaling can be considered with primary candidate signaling options: MAC CE or uplink control information (UCI). The SR mechanism can be considered for MG request if DCI signaling is agreed for MG activation / triggering.


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
Support DCI signaling to activate pre-configured MG for DL PRS processing by UE
Optimize Rel.16 measurement gap patterns (e.g., period, length) for NR DL PRS processing by UE
Send LS to RAN4 with a recommendation to optimize MG patterns for positioning
Consider physical layer signaling (e.g., SR) for MG request, if DCI based MG activation is agreed
Send LS to RAN2/RAN4 capturing outcome of the RAN1 discussion on MG enhancements for NR positioning latency reduction and ask for feedback

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.
However, if MG enhancements discussed in section 2.1 are introduced, the 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. The following options were agreed for further analysis of MG-less operation at the RAN1#105e meeting:
	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.


Option 1 has two significant restrictions: i.e., 1) DL PRS processing from serving cell only (multi-TRP scenario) and 2) DL PRS processing only within active DL BWP. Option 2 removes serving cell limitations but still is constrained by operation inside active DL BWP, which configuration is not known to LMF and may change over time considering power saving/throughput tradeoffs. From performance perspective, Options 1 and 2 do not seem to be attractive solutions due to BW limitations. Option 3 removes BW limitations but has other implications which are important to carefully analyze:
1) UE may anyway need to switch from processing active DL BWP to the DL PRS frequency layer, which may or may not overlap in frequency with the active DL BWP. The later can be accomplished by MG activation signaling
2) UE may need to process both: active DL BWP signals/channels and DL PRS frequency layer, which may or may not be feasible depending on frequency allocation of active DL BWP & DL PRS frequency layer (e.g., within or outside of DL PRS frequency layer). Otherwise, prioritization of DL PRS processing seems needed that can be achieved by MG activation instead
3) Triggering to perform DL PRS measurements and report results seems anyway needed. For the case with MG, it can be a part of MG activation/triggering
4) UE complexity and processing load is expected to increase that may further complicate UE capability discussion
5) Latency benefits with respect to enhanced MG-based solutions may not be so significant
Considering above points, it seems there is no very strong motivation to define gNB/UE behaviors for MG-less DL PRS processing in terms of NR positioning latency reduction.

Based on discussion above, we have following observation for DL PRS processing w/o MG:

Observation 1
If proposed MG enhancements are introduced for NR positioning the incremental latency reduction benefits of MG-less operation do not seem to be significant/crucial
Support of MG-less operation requires additional consideration from other WGs 

Considering above aspects, it seems more discussion is needed on the motivation to support MG-less operation for NR positioning in Rel.17.

NR Positioning Measurements
RAN1 made the following agreement on NR positioning measurements
	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



Based on above agreement, we assume that RAN4 can acknowledge allowing M-sample (1<=M<4) PRS processing to meet latency reduction objective. The remaining open question is how to support configurability for parameter M. In our view, some flexibility in configurability of M is desirable and RAN1 can further analyze signaling details to support such configurability.


Support configurability of parameter M for UE DL PRS processing 
Further analyze signaling details to support configurability of parameter M

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
Support DCI signaling to activate pre-configured MG for DL PRS processing by UE
Optimize Rel.16 measurement gap patterns (e.g., period, length) for NR DL PRS processing by UE
Send LS to RAN4 with a recommendation to optimize MG patterns for positioning
Consider physical layer signaling (e.g., SR) for MG request, if DCI based MG activation is agreed
Send LS to RAN2/RAN4 capturing outcome of the RAN1 discussion on MG enhancements for NR positioning latency reduction and ask for feedback

Proposal 2: 
Support configurability of parameter M for UE DL PRS processing
Further analyze signaling details to support configurability of parameter M


References
[1] [bookmark: _Hlk67677919][bookmark: _Ref70598157]RP-210903		Revised WID on NR Positioning Enhancements,	Intel Corporation, CATT
[2] [bookmark: _Ref70598170][bookmark: specVersion][bookmark: issueDate]3GPP TR 38.857	Study on NR Positioning Enhancements,	v17.0.0 (2021-03)
[3] [bookmark: _Ref70598191]R1-2009390	Update of Evaluation Results for NR Positioning Performance in I-IoT Scenarios, Intel Corporation
[4] [bookmark: _Ref79140432]R1-2104908	NR Positioning Latency Reduction, Intel Corporation, May 2021

