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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. From RAN4#101, WF [2] identifies that the latency reduction for positioning measurement includes technical items below :
	Latency reduction of positioning measurement
· Number of measurement samples (M) for latency reduction
· Measurement gap related enhancement for PRS measurements
· PRS measurements without measurement gaps
· RX beam sweeping reduction



Also, RAN4 #101-e made agreements for further performance study for low latency measurement. the WF in [2] captures RAN4 views from RAN4#101. We provide another contribution capturing our performance observation in [8]  
	RAN4#101 agreements
Number of samples w/o AGC: M1 = 1
· FFS how to address the cases M1 = 2, 3
PRS Ês/Iot (dB): FFS
· Option 1: Reuse Rel-16 side conditions
· Option 2: Higher side conditions
· Option 2A: [0; -6] dB
Propagation conditions: FFS
· Option 1: Reuse Rel-16 conditions
· Option 2: LOS TDL-D, DS = 30ns, Doppler = 5 Hz
PRS BW: FFS
Option 1: Reuse Rel-16
· Option 2: Subset of Rel-16 PRS BW
PRS repetition: FFS




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#101, companies identified technical 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

In addition, RAN1/2 is under studying, RAN4 needs to further monitor RAN1/2 on latency reductions. We discuss schemes to reduce measurement latency based on the last agreements and RAN1/2 dicussion in this contribution.

Accuracy requirement for low latancy.

In RAN#101, RAN4 has discussed whether to reuse Rel-16 requirements for low latency. If resuing the Rel-16 requirements, RAN4 further studies how to set conditions to reuse accuracy measurement requirements with 4-samples for a less sample measurements. In this case, we think that the conditions possibly exclude many of testcases up to BW and channels. We have observed that it is quite challenging to meet the requirements in small BW case. In consequence, the requirement is applicable to limited configuration case, and it results in poor test coverage for low latency.
If it is hard to resue the Rel-16 requirements for low latency, one altanetive way is to introduce a new requirements for low latency under practical channel conditions. Since RAN1/2 studies assume IIoT or InF (indoor factory scenario), they have more LoS channel assumption for low latency measurement.
We provide our performance study results in [8,9], RAN4 needs to decide how to derive accuracy performance requirement between two options.
Proposal 1 : RAN4 to decide how to derive accuracy performance requirement with 1-sample measurement based on the performance study agreed in RAN4#101.
Option 1 : Reuse Rel-16 accuracy requirements with excluding cases with small BW or low SNR testcases
Option 2 : Define a new set of accuracy requirements for low latency measurement
According to option-2, RAN4 is collecting new performance study measured in LoS channel and high SNR condition as the side conditions agreed in RAN4#101.

AGC training sample
	RAN4#101 Agreement
1. One or more conditions under which samples for AGC is reduced or not required for PRS measurements
Additional samples for AGC for PRS measurements are not required in case at least one of the following conditions is met
· Condition #1: 
· 1A) PRS bandwidth is within the active BWP and 
· FFS: 1B) Certain power difference between serving and neighbor cell signal power is maintained
· Option 1: Target PRS Es/Iot side condition is ≥ -6dB
· Option 2: Difference between serving and neighboring cell Es/Iot is within X dB
· FFS: Additional conditions 2-3 under which AGC is not needed are:
· Condition 2: QC, CMCC
· When UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)
· Condition 2a (QC):
· If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain
· Condition 3: QC, CATT
· Based on PRS configuration parameters:
· Condition 3a: QC, OPPO
· PRS resource repetitions (in different slots) within one PRS instance. Number of repetitions is FFS
· Condition 3b: CATT
· For the PRS measurement with small periodicity or the PRS measurement with resources having multiple PRS symbols in one sample or for the UE which have higher processing capability




Additionally, whether considering extra one sample for AGC or not has been discussed. We are fine to set conditions to a single sample measurement. When it is a measurement out of active BWP, a UE needs extra time for RF setting including AGC. In the requirement, the buffer ‘N’ processes the given PRS resource ‘’ by slicing . We wonder if AGC training of UE RX also takes the same behaviors by slicing.  makes the additional multiplier to the T_effect. If the additional sample is only for AGC training purpose, the multiplier may not be required, and the latency can be further reduced. This is more study on how to work with UE processing capability {N,T}.

Proposal 2 : We support that a UE needs an extra sample for AGC training, when number of PRS during in one TX occasion is less than [X], and
when a measured PRS bandwidth is out of the active BWP, or
when difference between serving and neighboring cell Es/Iot is larger than [6] dB

Proposal 3 : Clarify side conditions for extra AGC training sample related with UE processing capability {N,T} and . (i.e. whether a UE needs a full sample period of  )  
    
Measurement period optimizations for latency reduction

	2. [bookmark: _Hlk92646916]Measurement period optimizations for latency reduction
· FFS: Options for measurement period optimizations for latency reduction:
· Option 1: Nokia
· 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.
· Option 2: 
· Do not do measurement period optimization as proposed in Option 1




For the a single sampe measurement and report, we propose to use more repetition of PRS resources for effective measurement in one occasion of PRS transmission. A baseline UE behavior to process the repeated PRS resource is same based on UE capability {N,T}. If a UE cannot process all of repeated PRS resource in one proceesing T, the PRS repeation is not useful to reduce the latency, because a UE can only process the PRS signals only captured in ‘N’ buffer. This would means the same effect to increase L_prs, and could lead to longer measurement period. This is not intended by PRS repetition for low latency. Also, a heavy repetition makes PRS symbols continued out of MGL, it impacts the definition of overlapping between PRS resource and MG. Therefore when the number of PRS repetition >1, the UE processing capability needs further reviwe whether it can properly process the repeated PRS resource without additional latency.
Observation 1 : Even if network provides repetited PRS symbols in one transmission occasion, a UE may not be able to use repetited PRS symbols effectively due to short buffer size ‘N’ comparing to increaseing L_prs from PRS repetition. 
Observation 2 : Heavy repetition may make PRS symbols continued out of MGL, it impacts the UE measurements based on the definition of the measurement resources overlapping between PRS resource and MG.
Proposal 4 : When network provides repetited PRS symbols in one transmission occasion, RAN4 needs to review the UE processing capability {N,T} for low latency whether a UE can properly process the repeated PRS resources.
     - If ‘N’ is not large enough, a UE may not be able to use repetited PRS symbols effectively.  
     - In order to avoid measurement latency, UE processing capability should fit in the PRS resource allocation. (i.e.  UE processing time < )

	2.3 Measurement gaps enhancement/patterns for PRS measurements
1. New MG patterns and MG enhancement for PRS measurements:
· New gap pattern will not be defined for PRS measurements in Rel-17.
· Multiple gap patterns for PRS and other measurements are already discussed under the current Rel-17 NR WI on Measurement Gap Enhancement. No need to further discuss this under R-17 ePos WI.
· MG enhancement for PRS measurements is not discussed under Rel-17 ePos WI.
· Wait for RAN1 input on MG activation and deactivation mechanisms before discussing need for RAN4 requirements

2. Support of per-FR MG for PRS measurement
· FFS: whether RAN4 to define support of per-FR MG for PRS measurement.
3. [bookmark: _Hlk87477133]Optimization of PRS measurements with gaps
· FFS: Options for optimization of PRS measurements with gaps
· Option 1: QC
· 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.
· Option 2: OPPO
· Discuss the following rules to achieve the alignment among PRS configuration, MG configuration and UE processing capability
· The time offset difference between PRS resources in the same positioning frequency layer should be small so that all PRS resources could be covered by MGL.
· The periodicity of PRS resources and MG should be configured as the same value, and they should be very close to, but no shorter than the UE capability T. 
· The time duration of available PRS in the positioning frequency layer i should be no larger than the UE capability . 
· The number of PRS resources in each slot in the positioning frequency layer i should be no larger than the UE capability . 
· Option 3: HW
· Define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe.



We are ok to support option-3 to define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe comparing to the current spec’s  =  + . Basically, this partially resolves our concern in measurement period optimizations, because it helps to shorten the UE processing time (i.e. N+T) not to prolong to the next PRS occasion . 
For a single sample measurement case, we assume that the first sample measurement will be the last measurement, if a UE effectively processes it, RAN4 further studies if ‘T+MGL’ can be applicable to the single sample measurement case.  
Proposal 5 : we support option-3 to define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe comparing to the current spec’s  =  + .


Reducing Rx beam sweeping
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. 
	3. Reducing Rx beam sweeping factor
· Introduce a new UE capability on lower Rx beam sweeping factor (<8) to reduce the PRS measurement latency for FR2 positioning frequency layers under certain conditions. Conditions are FFS.
· FFS: Options for conditions:
· Condition 1:
· RX beam sweeping is reduced if UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)
· Other conditions not precluded




Proposal 6 : We support condition-1 that RX beam sweeping time is reduced if UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info).
    - study UE fast beam search (i.e. how much the beam sweeping time is reduced from 8)


 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. 
PRS measurements without gaps
	1. Work needed for PRS measurements without gaps
· MGRP is not needed in the PRS measurement period. 
· Following list of potential additional parameters/aspects in the PRS measurement requirements for gapless measurements are for further studies:
	No.
	Parameters/issues

	1
	 

	2
	

	3
	 

	4
	Applicable number of PFLs

	5
	Applicable number of samples

	6
	Approach on the calculation of multiple positioning frequency layers

	7
	PRS processing window

	8
	Requirement applicability

	9
	CSSF outside MG


· 



[bookmark: _Hlk92639012]RAN4 should consider if MG-less positioning measurement can be practically implemented. RAN1 LS (R1-2108639) suggested PRS measurement outside measurement, it include UE behavior of positioning measurement without MG. Hence, RAN4 should study PRS measurement outside measurement gap of which mechanism supports that some of positioning measurement is measured with MG, some are measured out of MG. 

Proposal 7 : RAN4 consider to introduce a requirements for ‘PRS measurement outside the MG’, and it should be applicabile to ‘MG-less measurement’ case discussed in RAN4.
      - Define conditions of PRS measurement outside the MG associated with BWP, numernology, RX timing difference, RX power offset
      - Include study aspect of latency reduction by separate measurement reporting on MG-less measurements (i.e. patial measurement reporting)
From the table in the agreement, the first part of RAN4 study is to determine effective PRS resource for measurement. Assuming measurement independent from MG configuration, a basic resource counting is based on PRS periodicity (i.e. (. However, instead of MG configuration, RX scheduling restriction may be applied up to RAN4 decision. If so, the resource counting will be irregular, that RAN4 needs further study.
Proposal 8 : a basic resource counting is based on PRS periodicity (. UE RX scheduling restriction can be considered to define PRS resources effective for a measurement.
Also, PFL-related impacts is related with conditions of PRS measurement outside the MG associated with BWP, numernology, RX timing difference, RX power offset. If RAN4 clarifies how to manage the conditions, ways for PFL selection can be identified. Lastly, it is a bit unclear about CSSF outside MG, this can be discussed together with RX scheduling restriction and priority rules. We add our further view more in LS discussion below. 

[bookmark: _Hlk85654852]LS discussion on PRS measurement outside measurement gap ( R1-2108639, R1-2112883  )

RAN4 has received two RAN1 LSs related to PRS measurement outside measurement gap.
	
[bookmark: _Hlk92644322]RAN1 LS 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.




	[bookmark: _Hlk92637998]R1-2112883 LS on the condition of PRS measurement outside the MG, RAN1#107

RAN1 discussed the condition of PRS measurement without MG and reached the following agreement in RAN1#106bis-e.

	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.



On the above-mentioned condition that the Rx timing difference between PRS from the non-serving cell and that from the serving cell is within a threshold, RAN1 further reached the following agreement in RAN1#107-e.

	Agreement
For the purpose of determining conditions for measuring the PRS outside of a MG, the expected Rx timing difference between the PRS from the non-serving cell and that from the serving cell is determined by expected RSTD and expected RSTD uncertainty in the assistance data.
[bookmark: _Hlk92715238]Send an LS to request RAN4 study and determine the threshold, which is used to be compared against with the Rx timing difference to determine whether the PRS from the non-serving cell satisfy the condition of PRS measurement outside MG.
0. Examples for the threshold: CP length, 50% of the OFDM symbol, 1ms
0. Other options can also be considered by RAN4
0. Note: the requirement on whether UE needs to calculate the expected Rx time difference and/or compare against the threshold is also a part of the study request






From LS R1-2108639 and R1-2112883, RAN1 decided that positioning measurement out of MG is possible to all PRS under conditions to PRS of non-serving cell as well as serving cell. 
Proposal 9 : When RX scheduling is overlapped from a serving cell and a neghbior cell, depriotize PRS measurement in case of measurement outside MG on neighbor cells.
We are not sure yet about the threshold of the Rx timing difference. First, RAN4 must idenfy the conditions for PRS measurement outside of a MG, then the threshold will be the next level of details from the condition. Also CSI-RS based RSRP measurement is discussing the Rx timing difference threshold in similar approach. The positioning WI can reasonably refer to the discussions.
Proposal 10 : RAN4 firstly to idenfy the conditions for PRS measurement outside of MG, then the threshold of RX timing difference will be the next level of detail from the conditions.

For positioning measurement on neighbor cell, cell detection is not mandatory, so it is hard to detect neghbor cell time sync information even without MG configuration. If a UE is required to measure RSTD out of MG, the time difference also power offset between serving cell and the neighbor cell should be reasonably synced within margin.   


Conclusion
This contribution has discussed latency enhancements for NR positioning in Rel-17. We provide observation and proposals as below :
Accuracy requirement for low latancy
Proposal 1 : RAN4 to decide how to derive accuracy performance requirement with 1-sample measurement based on the performance study agreed in RAN4#101.
Option 1 : Reuse Rel-16 accuracy requirements with excluding cases with small BW or low SNR testcases
Option 2 : Define a new set of accuracy requirements for low latency measurement

AGC training sample
Proposal 2 : We support that a UE needs an extra sample for AGC training, when number of PRS during in one TX occasion is less than [X], and
when a measured PRS bandwidth is out of the active BWP, or
when difference between serving and neighboring cell Es/Iot is larger than [6] dB

Proposal 3 : Clarify side conditions for extra AGC training sample related with UE processing capability {N,T} and . (i.e. whether a UE needs a full sample period of  )  

Measurement period optimizations for latency reduction
Observation 1 : Even if network provides repetited PRS symbols in one transmission occasion, a UE may not be able to use repetited PRS symbols effectively due to short buffer size ‘N’ comparing to increaseing L_prs from PRS repetition. 
Observation 2 : Heavy repetition may make PRS symbols continued out of MGL, it impacts the UE measurements based on the definition of the measurement resources overlapping between PRS resource and MG.
Proposal 4 : When network provides repetited PRS symbols in one transmission occasion, RAN4 needs to review the UE processing capability {N,T} for low latency whether a UE can properly process the repeated PRS resources.
     - If ‘N’ is not large enough, a UE may not be able to use repetited PRS symbols effectively.  
     - In order to avoid measurement latency, UE processing capability should fit in the PRS resource allocation. (i.e.  UE processing time < )
Proposal 5 : we support option-3 to define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe comparing to the current spec’s  =  + .
Proposal 6 : We support condition-1 that RX beam sweeping time is reduced if UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info).
    - study UE fast beam search (i.e. how much the beam sweeping time is reduced from 8)
PRS measurements outside of MG / MG-less positioning measurement
Proposal 7 : RAN4 consider to introduce a requirements for ‘PRS measurement outside the MG’, and it should be applicabile to ‘MG-less measurement’ case discussed in RAN4.
      - Define conditions of PRS measurement outside the MG associated with BWP, numernology, RX timing difference, RX power offset
      - Include study aspect of latency reduction by separate measurement reporting on MG-less measurements (i.e. patial measurement reporting)
Proposal 8 : A basic resource counting is based on PRS periodicity (. UE RX scheduling restriction can be considered to define PRS resources effective for a measurement.
RAN1 LS discussion on PRS measurements outside of MG
Proposal 9 : When RX scheduling is overlapped from a serving cell and a neghbior cell, depriotize PRS measurement in case of measurement outside MG on neighbor cells.
Proposal 10 : RAN4 firstly to idenfy the conditions for PRS measurement outside of MG, then the threshold of RX timing difference will be the next level of detail from the conditions.
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