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Introduction
In the last RAN4#100e meeting, there are some initial discussion for the WI of Rel-17 positioning. The general RRM requirement impacts in this WI were summarized in WF[1].  In this contribution, we provide more detailed analysis on the open issues of the latency reduction for NR positioning enhancement in Rel17. 
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Number of measurement samples for latency reduction
In the last meeting, the following agreements related to latency reduction with the less measurement samples were achieved as below [1].

	· 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



Conditions with the less RSTD measurement samples
And in order to converge this issue, the more simulation results with the agreed assumption [2, R4-2120330] can be find below. Also, the more simulation results can be also found in [4]. 

Based on the simulation results below, we can see:
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Figure 1a. Simulation results under NLOS channels
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Figure 1b. Simulation results under LOS channel 
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 Figure 1c. Simulation results under AWGN channel
Observation 1a: Under NLOS fading channels (e.g. TDL-A, TDL-C), for all PRS BW ([≥24, ≥64, ≥128]),  RSTD measurement accuracy will be degraded significantly when number of measurement samples less than 4 (e.g. 1 sample). For an instance, there is an obvious error floor at >5% CDF with 1 sample. 

Observation 1b: Under LOS fading channel (e.g. TDL-D), the performance degradation of RSTD measurement accuracy due to single measurement sample can also be identified. 


That is:
Observation 1: Under the practical fading channels, the reduction on the number of measurements samples can result in the performance degradation obviously. But fortunately, such degradation can be converged at 5% CDF in LOS channel model.
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Figure 2. Simulation results with higher SINR side condition

On the other hand, as RAN1&4 discussed, the higher SINR side condition is possible to improve the performance with single measurement sample. Thus, the impacts of less sample with the higher SINR side condition was also investigated in RAN4. Firstly in our previous discussion on UE Rx-Tx time difference acracy requirements, it was noted that the UE Rx-Tx timing difference accuracy requirements under the different side conditions (high SINR -3dB and low SINR -13dB) could be similar. From the numerical results in Figure 2, when increase the SINR side conditions of the measured cells(e.g. SINR=[-6, -13,-13] to [-3,-6,-6] ), the performance will be improved little. 
Observation 2a:  RSTD measurement accuracy with single measurement sample can be improved under LOS channel model (e.g. TDL-D) with the higher SINR side conditions. 
Observation 2b:  RSTD measurement accuracy with single measurement sample can’t be improved enough to guarantee meet Rel16 requirements under NLOS channel model even with the higher SINR side conditions. 

Shortly, the higher SINR side condition can help to improve the performance under LOS fading channel. And since RAN4 preferred to define the Rel17 requirements for positioning with same requirements, we can propose that:

Proposal 1: It is possible and feasible to reuse the current RSTD accuracy requirements in  Rel16 [5]  to these measurements with less measurement samples under LOS channel and higher SINR side condition.

Furthermore, we also need to further evaluate the number of reduction measurement samples among {1,2,4} below. 
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Figure 3a.
Observation 3a: Under LOS channel model, when PRS BW is too small the obvious performance degradation when M=2 can be observed as that when M=1.
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Figure 3b.

Observation 3b: Under LOS channel model, when PRS BW is larger enough the performance degradation when M=2 can be ignorable in comparison with that of M=1.  
Therefore, we can propose that
Proposal 2: Both M=1 and 2 are feasible upon SINR side conditions and PRS BW.
In summary, regarding to the current Rel16 requirements [2], whether the less samples RSTD measurement are feasible under the following parameters combination summarized in the table below.
	Channel
	SINR
	PRS BW
	M
	Performance can meet Rel16 requirements or not (feasibility)

	LOS

	Rel16 SINR side conditions(e.g. [-6,-13,-13]
	>24
	4
	Yes (Baseline in Rel16)

	
	
	
	2
	NO

	
	
	
	1
	NO

	
	
	>104
	4
	yes

	
	
	
	2
	Yes

	
	
	
	1
	No

	
	Higher SINR side conditions(e.g. [0,-6,-6]
	>24
	4
	yes

	
	
	
	2
	Yes

	
	
	
	1
	Yes



As highlighted in the table above, both M=1,2 are feasible for the different conditions(e.g. M-1 for LOS and higher SINR, but M=2 for LOS and lower SINR). Thus UE can indicate either of “M” from [1,2,4] depending on the PRS parameters including SINR side condition, channel model and PRS BW.
At same time, RAN1 also agreed LMF can request UE to report the measurement with either M-sample or 4-sample. It is also very straightforward to enable UE to indicate the expected “M” based on the known conditions (e.g. SINR, and channel propagation) via NRPPa message. 
Proposal 3: It is necessary to indicate the number of samples to be expected (e.g. 1 or 2) to UE be capable for the latency reduction. 
Conditions for AGC
In the last meeting, the conditions for AGC were also discussed.
	1. One or more conditions under which samples for AGC is reduced or not required for PRS measurements
· Agreements
· 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
2. If AGC is required for PRS measurements (i.e. if none of conditions is met), then number of required samples (M2) for AGC?

· M2=1




In our views, whether the additional AGC is needed is up to the dynamic range of UE received power. That is when PRS to be measured is too small (e.g. there is >[6]dB variance with the serving cell’s data power), the AGC shall be adjusted. Therefore, we can propose that:
Proposal 4 : Conditions under which samples for AGC is reduced or not required for PRS measurements can be: 
· Condition #1: 
· PRS bandwidth is within the active BWP and 
· Condition 2: 
· When UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)


UE capability to support the reduced number of measurement samples
Additionally, in the last RAN1 meeting, there are also agreements below.
	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.



In other words, from RAN4 perspective, the accuracy requirements’ applicability can be defined based UE capability to support M sample or not. Also for the delay requirements(core part) obviously it depends on such UE capability directly.
Proposal 5: RAN4 needs to specify the requirements for NR positioning measurement with “M” samples up to UE capability and other side conditions as below.
	 
	Specific conditions (e.g. SINR, channel which under R4 discussion) being met
	Specific conditions (e.g. SINR, channel which under R4 discussion) can’t be met

	UE capable to support M samples
	R16 
	Relaxed requirements / or No requirements

	UE NOT capable to support M samples
	No requirements




PRS measurement without MG
IN RAN1, the processing window was agreed:
	Agreement
At least the following parameters for PRS processing window from the gNB to the UE are supported.
· Starting slot
· Periodicity
· Duration/length
· Cell and SCS information associated with the above parameters
Discuss during the maintenance phase on the necessity of other parameters including but not limited to
· Processing type (associated with the corresponding UE capability 1A/1B/2)
· Band/CC-ID as needed depending on each scenario on which the PRS processing window is applied
· The above cell and SCS information to determine where/when the PRS processing window is applied
Note: Indication of processing type does not suggest UE indication of multiple capabilities among (1A/1B/2) is already supported, which is a separate discussion.
Note: Some of the parameters above may not be mandatory for a PRS processing window




In the last RAN4 meeting, the measurement requirements impacts because of gap-less PRS measurement was discussed.
	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







With respect to the reporting requirements for the PRS measurement requirements in Rel16 [TS38.133] below, the delay requirement of DL PRS RSTD will depend on number of crucial factors which will be addressed below: the number of positioning occasions and the number of consecutive subframes, periodicity of positioning occasions, measurement sampling rate, measurement bandwidth, beam management, and other network assistance information, etc. 
	
Where ,
	 is the index of positioning frequency layer,
	 is total number of positioning frequency layers, and
	 is the periodicity of the PRS RSTD measurement in positioning frequency layer i 
 is the measurement period for PRS RSTD measurement in positioning frequency layer i as specified below:
	 ,
where: 
	 is the UE Rx beam sweeping factor. In FR1,  = 1; and in FR2,  = 8.
	 is the carrier-specific scaling factor for NR PRS-based positioning measurements in positioning frequency layer i as defined in clause 9.1.5.2.
 is the maximum number of DL PRS resources in positioning frequency layer i configured in a slot. 
 is the time duration of available PRS to be measured in the positioning frequency layer i, and is calculated in the same way as PRS duration K defined in clause 5.1.6.5 of TS 38.214 [26]. 
	 is the number of PRS RSTD samples and = 4. 
	 is the measurement duration for the last PRS RSTD sample, including the sampling time and processing time,  =  +  ,
	 is the periodicity of the PRS RSTD measurement in positioning frequency layer i defined as: 
 =  
Where, 
		corresponds to durationOfPRS-ProcessingSymbolsInEveryTms in TS 37.355 [34],
	, the least common multiple between  and .
 is the repetition periodicity of the measurement gap applicable for measurement in the PRS frequency layer i.
	 is the periodicity of DL PRS resource with muting on positioning frequency layer i. 
If more than one PRS periodicities are configured in positioning frequency layer i, the least common multiple of PRS periodicities  among all DL PRS resource sets in the positioning frequency layer is used to derive the measurement period of that positioning frequency layer i. Where, 
, is the PRS periodicity with muting per PRS resource, 
 is the periodicity of PRS resource sets given by the higher-layer parameter DL-PRS-Periodicity.
 is the scaling factor considering PRS resource muting. If bitmap   for higher-layer parameter DL-PRS-MutingPattern is provided, and , then ; otherwise, if bitmap  is not provided or , then .
  is the muting repetition factor given by the higher-layer parameter DL-PRS-MutingBitRepetitionFactor, and L is the size of the bitmap .
· Note: For the purpose of calculating TPRS,i, only the PRS resources fully or partially covered by the MG are considered. 
	 
	 is UE capability combination per band where N is a duration of DL PRS symbols in ms corresponding to durationOfPRS-ProcessingSysmbols in TS 37.355 [34] processed every T ms corresponding to durationOfPRS-ProcessingSymbolsInEveryTms in TS 37.355 [34] for a given maximum bandwidth supported by UE corresponding to supportedBandwidthPRS in TS 37.355 [34].
	 is UE capability for number of DL PRS resources that it can process in a slot as indicated by maxNumOfDL-PRS-ResProcessedPerSlot specified in TS 37.355 [34].
The time starts from the first MG instance aligned with a DL PRS resource(s) of positioning frequency layer i closest in time after both the NR-TDOA-ProvideAssistanceData message and NR-TDOA-RequestLocationInformation message are delivered from LMF to the physical layer of UE via LPP [34].




· Periodicity of PRS occasion 
For the gap-less measurement, the periodicity of PRS occasion () can be same as the configured PRS periodicity () by LMF because no MGRP.

The network configured  is broadcasted to all UEs in a cell. Thus, according to RAN1 agreements on how to define UE processing capability (“”), it is possible that there is misalignment between the network configured  and UE specific . As a result, from RAN4 perspective, the measurement delay requirements shall depend on the larger interval of available PRSs. Thus  shall be taken as the basic timing interval for PRS measurement latency requirements.
Proposal 6: The basic timing interval to be used to define PRS measurement period can be: 
 = 
· Basic number of PRS occasions
As we discussed above, this issue is also up to the agreement on the open issue of the reduced PRS measurement samples. Therefore, we can suggest that
Proposal 7: whether the reduced samples for the gap-less PRS measurement is feasible shall be FFS.
· Applicable number of PFLs
In case of the gap-less PRS measurement, there is only single PFL to be measurement. Otherwise the gap shall be needed. But it is also feasible for the UE which can support the gap less measurement for different PFLs (e.g. the centre frequency of different PFLs are same but the active BWP of them not.
Proposal 7: The PRS gap-less measurement requirements is appliable for the single PFL only: 
· PRS processing window
Ti can impact the Teffect time above.
· CCSF
If the gap-less PRS measurement used, the  other concurrent PRS processing and the legacy RRM measurements can be possible. The existing CCSF shall be updated accordingly.
· Scheduling restriction
Meanwhile, in Rel16 WI, how to handle the collision between PRS and other data when no PRS measurement gap was discussed. Since the limited time in Rel16, this scope was deferred to the further release. Therefore, in Rel17 RAN4 needs to continue the necessary requirements on the scheduling restrictio) and possible impacts on the existing requirements in TS38.133 .
Proposal 8: RAN4 needs to define the necessary requirements (e.g. the scheduling restriction due to gapless PRS measurement and processing time).

In short, the more considerations on the parameters for the gap-less measurement period requirements can be summarized below:
	No.
	Parameters/issues
	Notes

	1
	 
	 

	2
	
	up to RAN1’ discussion on UE processing capability

	3
	 
	 = 

	4
	Applicable number of PFLs
	Single PFL only

	5
	Applicable number of samples
	[1, 2] or 4 up to UE capability to support the less samples PRS measurement

	6
	Approach on the calculation of multiple positioning frequency layers
	Single PFL only

	7
	PRS processing window
	up to RAN1’ discussion on UE processing capability

	8
	Requirement applicability
	FFS on the scheduling restriction and applicability 

	9
	CSSF outside MG
	 Shall be updated




PRS measurement gap enhancement
In the last RAN4 meeting, the following agreements were achieved. 
	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.





· MG activation and deactivation mechanisms 
In RAN1, the possible measurement gap enhancement in RAN1 were discussed. Up to now, some agreements/working assumptions in RAN1 was achieved [3, R1-2108639]
	· Subject to UE capability, support PRS measurement outside the MG, within a PRS processing window, and UE 



Observation 4: As the pre-configured MG for PRS was introduced in Rel17, the corresponding requirements for this new aspect shall be discussed.
For an example, RAN4 also needs to discuss if requirements can be defined for the case with MG switch, e.g. by taking into account the new MG activation and deactivation mechanisms from RAN1.
· Support of per-FR MG for PRS measurement
The benefits of per-FR MG for PRS measurement can’t be observed for the latency reduction. 
Proposal 9: per-FR MG for PRS measurement shall be deprioritized. 
LS from RAN1 
In RAN1’s LS [6], the following question need RAN4’s inputs. Therefore, we also provide our considerations below.
		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. [Rui: RAN4 needs to determine the maximum RSTD/RSTD uncertaininty which is used as the condition for PRS gap-less measurement]
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.
· Examples for the threshold: CP length, 50% of the OFDM symbol, 1ms
· Other options can also be considered by RAN4
· 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



ACTION: 	RAN1 respectfully requests RAN4 to take above agreements into account in their future work, and to study and determine the threshold as well as the requirement on whether UE needs to calculate the expected Rx time difference and/or compare it against the threshold.





In our understanding, such condition is used for guarantee the correct detection on the neighor cell’s PRS with some degree timing misalignments. From RAN4 discussion on the synchronization (e.g. cell identification /search the half CP can be used as the jusfitication condition to ensure the synchronization with the detected cells). Therefore, we can proposed that:
Proposal 10: 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 can be: [-½ CP length, ½ CP length]


Conclusion
This contribution provided more detailed analysis on the open issues of the latency reduction for NR positioning enhancement in Rel17. 
Observation 1a: Under NLOS fading channels (e.g. TDL-A, TDL-C), for all PRS BW ([≥24, ≥64, ≥128]),  RSTD measurement accuracy will be degraded significantly when number of measurement samples less than 4 (e.g. 1 sample). For an instance, there is an obvious error floor at >5% CDF with 1 sample. 

Observation 1b: Under LOS fading channel (e.g. TDL-D), the performance degradation of RSTD measurement accuracy due to single measurement sample can also be identified. 
Observation 1: Under the practical fading channels, the reduction on the number of measurements samples can result in the performance degradation obviously. But fortunately, such degradation can be converged at 5% CDF in LOS channel model.
Observation 2a:  RSTD measurement accuracy with single measurement sample can be improved under LOS channel model (e.g. TDL-D) with the higher SINR side conditions. 
Observation 2b:  RSTD measurement accuracy with single measurement sample can’t be improved enough to guarantee meet Rel16 requirements under NLOS channel model even with the higher SINR side conditions. 
Proposal 1: It is possible and feasible to reuse the current RSTD accuracy requirements in  Rel16 [5]  to these measurements with less measurement samples under LOS channel and higher SINR side condition.
Observation 3a: Under LOS channel model, when PRS BW is too small the obvious performance degradation when M=2 can be observed as that when M=1.
Observation 3b: Under LOS channel model, when PRS BW is larger enough the performance degradation when M=2 can be ignorable in comparison with that of M=1.  
Proposal 2: Both M=1 and 2 are feasible upon SINR side conditions and PRS BW.
Proposal 3: It is necessary to indicate the number of samples to be expected (e.g. 1 or 2) to UE be capable for the latency reduction. 
Proposal 4 : Conditions under which samples for AGC is reduced or not required for PRS measurements can be: 
· Condition #1: 
· PRS bandwidth is within the active BWP and 
· Condition 2: 
· When UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)
Proposal 5: RAN4 needs to specify the requirements for NR positioning measurement with “M” samples up to UE capability and other side conditions as below.
	 
	Specific conditions (e.g. SINR, channel which under R4 discussion) being met
	Specific conditions (e.g. SINR, channel which under R4 discussion) can’t be met

	UE capable to support M samples
	R16 
	Relaxed requirements / or No requirements

	UE NOT capable to support M samples
	No requirements



Proposal 6: The basic timing interval to be used to define PRS measurement period can be: 
·  = 
Proposal 7: whether the reduced samples for the gap-less PRS measurement is feasible shall be FFS.
Proposal 8: RAN4 needs to define the necessary requirements (e.g. the scheduling restriction due to gapless PRS measurement and processing time).
	No.
	Parameters/issues
	Notes

	1
	 
	 

	2
	
	up to RAN1’ discussion on UE processing capability

	3
	 
	 = 

	4
	Applicable number of PFLs
	Single PFL only

	5
	Applicable number of samples
	[1, 2] or 4 up to UE capability to support the less samples PRS measurement

	6
	Approach on the calculation of multiple positioning frequency layers
	Single PFL only

	7
	PRS processing window
	up to RAN1’ discussion on UE processing capability

	8
	Requirement applicability
	FFS on the scheduling restriction and applicability 

	9
	CSSF outside MG
	 Shall be updated



Observation 4: As the pre-configured MG for PRS was introduced in Rel17, the corresponding requirements for this new aspect shall be discussed.
Proposal 9: per-FR MG for PRS measurement shall be deprioritized. 
Proposal 10: 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 can be: [-½ CP length, ½ CP length]
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