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Introduction
RAN4 continued discussing latency reduction for NR positioning measurements in RAN4#100-e. Agreements and open issues from that meeting were documented in a WF [1].
Some recent, relevant agreements from other RAN working groups [2] are reproduced below for convenience. 
RAN1 agreements
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


RAN2 agreements
Agreement:
Agreement:
Proposal 3:	Regarding the validity conditions/criteria associated with pre-configured assistance data, consider at least the following options:
	Option A: Based on a validity area (e.g. a list of cells)
	Option B: Based on a (configured) validity timer or a numerical limit on number of times it is utilized
	Option C: Based on explicit modification or release from the LMF/NG-RAN
	Option D: Based on the UE’s current location and/or the time

Agreement:
Proposal 6 (modified):	In response to the question asked by SA2 regarding UE positioning capability, it is proposed to capture that the positioning related UE capabilities can be variable.
NOTE: P6 was edited after agreement for clarity (deletion marked with strikeout).  Checked in email discussion [AT115-e][600].


Additionally, RAN4 has received an LS from RAN1, informing other working groups of a working assumption regarding support of PRS measurements outside measurement gaps [3].
	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 this paper we will discuss the following topics.
· Feasibility of DL PRS measurements with number of samples M=1
· [bookmark: _Hlk84778842]PRS measurements without measurement gaps
· Measurement period optimizations
Feasibility of DL PRS measurements with number of samples M=1
In RAN4#100-e there was some discussion about the feasibility of PRS measurements with number of samples M = 1. It was pointed out that in Rel-16 it was assumed that 1 out of the 4 measured samples would be used to set Rx AGC and some companies concluded that M = 1 cannot be supported based on that assumption. However, there may be cases in which Rx AGC may be known a priori or it may be inferred from side information. At least in such cases, the assumption about consuming one PRS sample to set the Rx AGC may be relaxed.
We have following agreement from RAN4#100-e [1].
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.
· Option 1: (CMCC)
· For the case that target PRS is within active BWP, the number of samples can be reduced, since AGC is not needed, which is similar as the measurement delay requirements of inter-frequency measurement without measurement gap.
· For the case that UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info), the number of samples can be reduced, since AGC is not needed, or the number of samples used for AGC can be reduced.
· Option 2: 
· TBA


The first case under option 1 could be a good candidate to relax the assumption about consuming one PRS sample for AGC. In Rel-17 RAN1 is introducing support for gapless PRS measurements when PRS is within the active BWP [3]. To support such measurements the LMF would request to the gNB that the active BWP include a PFL that is configured within the serving carrier bandwidth. Similar signaling would be needed to perform PRS measurements within the PRS processing window that RAN1 plans to introduce in Rel-17 (see Working Assumption above).
Proposal 1: Subject to UE capability, the UE may be able to perform low-latency measurements with M=1 when the PRS resources are contained within the active BWP during the measurement period. 
Regarding the second case in option 1, in our view the UE could leverage QCL information to determine the Rx AGC for PRS if it is provided with strong QCL assumptions including typeA (Doppler shift, Doppler spread, average delay, delay spread) and typeD (Spatial Rx parameter) and if it can also assume the same average gain between PRS and the QCL source (SSB). Note that per prior RAN4 agreement “the UE is not required to perform additional SSB measurements for the SSBs configured as QCL sources for PRS” [7].


Proposal 2: If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain then the UE does not need to use one PRS sample to set its Rx AGC and M=1 can be supported. The UE is not required to perform additional SSB measurements for the SSBs configured as QCL sources for PRS (per prior RAN4 agreement).
If none of the previous conditions are satisfied and low-latency measurements with M = 1 are still desired, it may be possible to use some PRS resource repetitions within one PRS instance (provided enough repetitions are configured in the assistance data) to set the Rx AGC. i.e. one whole PRS sample may not be need for Rx AGC if PRS repetitions are configured in the assistance data.
Proposal 3: To enable low-latency measurements with M = 1 in additional scenarios, RAN4 should discuss under which conditions it would be possible to use some PRS resource repetitions (in different slots) within one PRS instance to set the Rx AGC.
PRS measurements without measurement gaps
RAN1 has reached a working assumption regarding support of PRS measurements without measurement gaps [3]. Even though many details still need to be finalized, in this section we discuss some aspects where impact to RRM requirements is anticipated for gapless measurements.
The first anticipated impact would be to the structure of the specification. Currently, all the requirements for NR positioning under TS 38.133 section 9.1 apply only when UE is configured with per-UE measurement gaps. The general applicability statement in section 9.1 would need to be revised. New subsections should be created to separate the requirements (e.g. measurement period) that would be different between measurements with and without gaps. 
Proposal 4: When introducing RRM requirements for gapless PRS measurements in TS 38.133, the general applicability statement in section 9.1 would be revised and new subsections would be created to separate the requirements that are different between measurements with and without gaps.
In our understanding, the PRS measurement period formulation in TS 38.133 (sections 9.9.2.5, 9.9.3.5 and 9.9.4.5) would need to be revisited for gapless measurements. We have the following related proposals and observations.
Proposal 5: The measurement period requirements should be revisited for gapless PRS measurements.
Observation 1: The processing window is exclusively for PRS measurement. CSSF may not apply to gapless measurements.
Observation 2: When a PRS processing window is configured, PRS is completely processed with the window up to UE capability. The definition of  may be revisited for gapless PRS measurements.
Proposal 5: FFS how modify the definitions of  ,   and  pending more details about the PRS processing windows.
Proposal 6: FFS the applicable range of number of samples for PRS gapless measurements.
Measurement period optimizations
In this section we propose measurement period optimizations related to  and  for low-latency positioning measurements. The proposed optimizations apply for PRS measurements within measurement gaps, as in Rel-16. For convenience, we reproduce here the basic equations for PRS-RSTD measurement period [4].  Similar equations apply for PRS-RSRP and UE Rx-Tx time difference.


 



In RAN4#100-e, the following agreement was reached in Rel-17 MG enhancements [5]:

Issue 2-4: Association between frequency layers and MG 
· Agreement:
· Each frequency layer can be associated with only one MG (leave it for RAN2 on how to implement the association)
· SSB, CSI-RS and PRS are treated as different frequency layers
· One MG can be associated with multiple frequency layers of the same or different use cases, while one frequency layer can only be associated to a single MG.
Issue 2-5: Association between PRS measurement and MG 
· Agreement:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]PRS measurement for positioning is [exclusively] associated with only one of the instance of multiple gaps at least for R17
· FFS whether to keep or remove “exclusively”
· How to handle the overlapping with the other gap can be discussed in a separate issue


Given that RAN4 has agreed to support associating one of multiple concurrent MG exclusively with positioning measurements and that RAN1 has agreed to “support the LMF to explicitly request UE to report the measurement with either M-sample or 4-sample” [2], we have the following proposal.
Proposal 7: For UEs that support multiple concurrent MG in Rel-17, when the network configures a dedicated MG for positioning measurements, the UE sets .
When a dedicated MG is configured for PRS measurements () and the measurements are considered “low-latency” there would be an incentive to optimize the measurement period to ensure the UE can perform measurements in a timely fashion. In particular, if the UE is not processing limited, i.e. if it can process PRS resources as fast as they become available in the air interface, then a tighter measurement period would be desirable.
In RAN4#100-e, the following agreement was reached regarding optimizations to the measurement period requirement defined in Rel-16 [1].
· 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

Recall the definition of effective normalized load  [6]

where  indicates that measurements in PFL i are not processing-limited. If  and  for PFL i, then it follows that

It can be seen from the expression above that for low number of samples (e.g.  and number of Rx beams (e.g. in FR1) the requirement becomes limited by . This motivates the following proposal.
Proposal 8: For a low-latency PFL i with ,  and , set  in the measurement period requirement if all the PRS resources in  are contained within a single measurement gap instance.
Conclusions
Proposal 1: Subject to UE capability, the UE may be able to perform low-latency measurements with M=1 when the PRS resources are contained within the active BWP during the measurement period. 
Proposal 2: If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain then the UE does not need to use one PRS sample to set its Rx AGC and M=1 can be supported. The UE is not required to perform additional SSB measurements for the SSBs configured as QCL sources for PRS (per prior RAN4 agreement).
Proposal 3: To enable low-latency measurements with M = 1 in additional scenarios, RAN4 should discuss under which conditions it would be possible to use some PRS resource repetitions (in different slots) within one PRS instance to set the Rx AGC.
Proposal 4: When introducing RRM requirements for gapless PRS measurements in TS 38.133, the general applicability statement in section 9.1 would be revised and new subsections would be created to separate the requirements that are different between measurements with and without gaps.
Proposal 5: The measurement period requirements should be revisited for gapless PRS measurements.
Observation 1: The processing window is exclusively for PRS measurement. CSSF may not apply to gapless measurements.
Observation 2: When a PRS processing window is configured, PRS is completely processed with the window up to UE capability. The definition of  may be revisited for gapless PRS measurements.
Proposal 5: FFS how modify the definitions of  ,   and  pending more details about the PRS processing windows.
Proposal 6: FFS the applicable range of number of samples for PRS gapless measurements.
Proposal 7: For UEs that support multiple concurrent MG in Rel-17, when the network configures a dedicated MG for positioning measurements, the UE sets .
Proposal 8: For a low-latency PFL i with ,  and , set  in the measurement period requirement if all the PRS resources in  are contained within a single measurement gap instance.
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