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Introduction
In the last RAN4 meeting, there are some discussions for the WI of Rel-17 positioning. In this contribution, we provide more detailed analysis on the open issues of the latency reduction for NR positioning enhancement in Rel17 in WF[1]. 
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Number of measurement samples for latency reduction
Conditions for AGC
In the last meeting, the conditions for AGC were also discussed.
	Issue 1-1-2: 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 
· 1B) Difference between the serving and neighboring cell [total] RX power is within [6] dB. 
· FFS on the detailed RX power definition.
Open issues:
· Condition 1B: 
· RX power definition:
· Option 1:
· Difference between the serving cell SSB and neighboring cell PRS RX EPRE is within [6] dB
· Option 2:
· Difference between the serving cell signal and neighboring cell PRS RX EPRE is within [6] dB.
· Condition 2: QCL
· Condition 2a: 
· When UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)
· Condition 2b: 
· If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain
· Condition 2c: 
· If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain, and
· the UE was previously configured to measure the reference SSB and measured the reference SSB within X ms (FFS) of the start of the PRS measurement period.
· Condition 3: PRS configuration parameters:
· PRS resource repetitions (in different slots) within one PRS instance. Number of repetitions is FFS




For the RX power definition, since initially UE will adjust AGC  for the serving cell data reception based on SSB, it is better to define the RX power difference by SSB of serving cell. Another rational behind this is because UE may need to perform PRS measurement when UE is in RRC_INACTIVE in which there is no any data scheduling to UE. Therefore, the Option 2 for the condition 1B in [1] is more reasonable.
Moreover, in our view the beamforming can impact the UE receiving power significantly especially in FR2.
Proposal 1: Conditions under which samples for AGC is reduced or not required for PRS measurements can be: 
· Condition #1B: 
· the power difference between the serving cell’s SSB and neighboring cell PRS RX EPRE is within [6] dB.
· Condition #2: 
· When UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)


Reduced RX beam sweeping factor
	Issue 1-1-3: Applicability conditions for reduced Rx beam sweeping factor (<8) capability
Agreements:
· Reduced Rx beam sweeping factor (<8) capability can be applicable without any additional conditions
· No impact on positioning measurement accuracy requirements for UEs supporting the capability
· Positioning measurement period requirements will be reduced for UEs supporting the capability
· FFS whether UE needs to be configured by LMF to perform measurements with a reduced Rx beam sweeping factor
· Sent following LS reply to RAN1 covering above agreements and agreements on issue 1-1-4:
· R4-2202678, LS reply on lower Rx beam sweeping factor for latency improvement, CATT
Issue 1-1-4: Rx beam sweep numbers for reduced Rx beam sweeping factor (<8) capability
Agreements:
· The following Rx beam sweep numbers are supported for reduced Rx beam sweeping factor (<8) UE capability: {1, 2, 4, 6}
Issue 1-1-4A: Need for LMF to configure the UE to measure with a reduced Rx beam sweeping factor 
Open issues:
· Whether UE needs to be configured by LMF to perform measurements with a reduced Rx beam sweeping factor?
· Option 1:
· Yes
· Option 2:
· No



For the open issues above, in principle whether UE can perform the reduced RX beam sweeping is up to UE capability defined by RAN1 similarly as the UE PRS processing capability in Rel16. Therefore, we suggest:
Proposal 2: RAN4 can forward a LS to RAN1 to check whether UE need to be configured by LMF to perform measurement with a reduced RX beam sweeping factor. 
PRS measurement without MG
In the last meeting, the PRS measurement requirements wo MG were decoupled to the several parameters. 
With respect to the reporting requirements for the PRS measurement requirements in Rel16 [5,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:
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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. However, since as RAN1 agreed the PPWRP will indicated to UE, therefore, )
And   = 
· 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 3: The reduced samples for the gap-less PRS measurement is feasible up to UE capability.
· 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 4: 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 .

Shortly we can provided our views in the table below 
Proposal 5: RAN4 needs to define the measurement period requirements for PRS gapless measurement as:
	No.
	Parameters/issues
	Option 1
	Option 2
	Option 3
	Option 4
	Intel’s view

	1
	 
	PPWRP
	
	
	
	Option 3

	2
	
	R16
	Unmuted and overlapped PRS within PRS processing window
	
	
	Option 2

	3
	 
	R16
	.
	
	
	Option 1

	4
	Applicable number of PFLs
	1 
	> 1
	
	
	Option 1

	5
	Applicable number of samples
	4 
	4 and < 4
	
	
	Option 2

	6
	Approach on the calculation of multiple positioning frequency layers
	Based on PRS resources overlapping of different PFLs
	1 PFL
	Sum approach
	
	Option 2

	7
	PRS processing window
	Based on RAN1 discussion
	Based on RAN1 discussion
	
	
	Option 1 (Option 2 is same)

	8
	Requirement applicability
	Rx time difference within CP
	Numerology, RX timing difference, RX power offset, 
	When PRS has higher priority than all other signals/channels inside PRS processing window
	PRS overlaps with PPW, PRS not overlap with other signals channels of higher priority, PRS whose RTD is ≤ max RTD supported by UE
	Option 2, Option 3

	9
	CSSF outside MG
	Based on processing unit assumption
	1
	Update CSSF outside MG in clause 9.1.5.1 
	
	Option 3

	10
	Scheduling restriction
	Scheduling restriction table 1 (R4-2201637)
	
RLM, BFD and L1/L3 measurement higher priority over PRS
	
	
	FFS upon RAN1’s further agreements on the PRS processing priority

	11
	PRS/SSB collision
	Extend PRS measurement period or drop SSB
	PRS is prioritized. Equal sharing between SSB and PRS in case of full overlapping
	
	
	Option 1.

	12
	MG/PPW reconfig/activation
	Measurement period is extended 
	
	
	
	

	PPW= PRS processing window
PPWRP= PPW Repetition Period
	




PRS measurement gap enhancement

· 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]
Observation 1: As the pre-configured MG for PRS was introduced in Rel17, the corresponding requirements for this new aspect shall be discussed.
· Measurement period requirements with pre-configured MG for PRS in Rel17
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.
In the last RAN4 meeting, the following agreements were achieved. 
	Issue 1-3-3: Requirements for MG enhancements introduced by RAN1
Open issues:
Scenarios under which PRS measurement requirements can be defined based on preconfigured measurement gap procedure (defined in clause 5.1.6.5, TS 38.214 v17.0.0 and TS 38.321):
· Scenario 1: No MG is configured for RRM measurement
· POS MG is considered as legacy MG in PRS and RRM measurements when activated
· POS MG is not considered in RRM requirements when deactivated
· Scenario 2: One legacy MG is configured for RRM measurement
· FFS to define requirements for RRM and PRS measurements based on framework of concurrent MGs when POS MG is activated
· POS MG is not considered in RRM requirements when deactivated
· Scenario 3: 
· POS MG(s) are configured with the assumptions that POS MG(s) can only be used for PRS measurement, and only one POS MG can be activated at a time.




However, in order to simplify RAN4’s discussion, we can take Scenario 1 firstly. For Scenario 2, as RAN4 defer the joint discussion on the pre-configure MG and concurrent gap beyond Rel17, we need not consider this in Rel17.
Proposal 6: In Rel17, measurement requirements of PRS and RRM apply at least for scenario 1 below.
· Scenario 1: No MG is configured for RRM measurement
· POS MG is considered as legacy MG in PRS and RRM measurements when activated
· POS MG is not considered in RRM requirements when deactivated
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
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.





And in the last RAN4 meeting, the following proposals were discussed but without the consensus.

	· Proposal 1: 
· Expected RTD is defined as max(X1, X2), where 
· X1 = X1’, if X1’ < 0.5 slot; X1 = 1-X1’, otherwise 
· X1’= mod(expected RSTD + expected RSTD uncertainty, slot length)
· X2 = X2’, if X2’ < 0.5 slot; X2 = 1-X2’, otherwise 
· X2’= mod(expected RSTD - expected RSTD uncertainty, slot length)
· Introduce UE capability for the maximum Rx timing difference in MG-less PRS measurement, with at least two values {CP length, 0.5 slot}.
· It is up to UE implementation whether to calculate the expected Rx time difference and/or compare it against the threshold
· Proposal 2: 
· The maximum expected Rx timing difference between the PRS from serving cell and that from non-serving cell would reach 1064us and 1016us for FR1 and FR2 respectively.
· The threshold shall be the maximum expected Rx timing difference (e.g., 1064us and 1016us for FR1 and FR2 respectively) if the PRS from the nom-serving cell can be guaranteed within the PRS processing window for capability 1A and 1B.
· The threshold shall be CP length if the PRS have to be in the same symbols for the non-serving cell and serving cell for capability 2.
· Proposal 3: 
· 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]
· Proposal 4: 
· For the PRS measurement without MG, the condition that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within a threshold is not necessary when multiple FFT processing is assumed. 
· If single FFT processing is assumed, the condition for PRS measurement without MG is that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within CP
· Proposal 5:
· Rx timing between the reference cell/TRP and serving cell where the PPW is configured should be taken into account when evaluating the threshold for the applicability condition on Rx timing difference between the serving cell and neighbor cells/TRPs.
· Threshold = 1/2 symbol
· Proposal 6:
· Introduce UE capability for 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.
· Candidate thresholds: {CP length, half of the symbol, half of the slot, 1ms}




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 7: 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. 
Proposal 1: Conditions under which samples for AGC is reduced or not required for PRS measurements can be: 
· Condition #1B: 
· the power difference between the serving cell’s SSB and neighboring cell PRS RX EPRE is within [6] dB.
· Condition #2: 
· When UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)

Proposal 2: RAN4 can forward a LS to RAN1 to check whether UE need to be configured by LMF to perform measurement with a reduced RX beam sweeping factor. 
Proposal 3: The reduced samples for the gap-less PRS measurement is feasible up to UE capability.
Proposal 4: The PRS gap-less measurement requirements is appliable for the single PFL only.
Proposal 5: RAN4 needs to define the measurement period requirements for PRS gapless measurement as:
	No.
	Parameters/issues
	Option 1
	Option 2
	Option 3
	Option 4
	Intel’s view

	1
	 
	PPWRP
	
	
	
	Option 3

	2
	
	R16
	Unmuted and overlapped PRS within PRS processing window
	
	
	Option 2

	3
	 
	R16
	.
	
	
	Option 1

	4
	Applicable number of PFLs
	1 
	> 1
	
	
	Option 1

	5
	Applicable number of samples
	4 
	4 and < 4
	
	
	Option 2

	6
	Approach on the calculation of multiple positioning frequency layers
	Based on PRS resources overlapping of different PFLs
	1 PFL
	Sum approach
	
	Option 2

	7
	PRS processing window
	Based on RAN1 discussion
	Based on RAN1 discussion
	
	
	Option 1 (Option 2 is same)

	8
	Requirement applicability
	Rx time difference within CP
	Numerology, RX timing difference, RX power offset, 
	When PRS has higher priority than all other signals/channels inside PRS processing window
	PRS overlaps with PPW, PRS not overlap with other signals channels of higher priority, PRS whose RTD is ≤ max RTD supported by UE
	Option 2, Option 3

	9
	CSSF outside MG
	Based on processing unit assumption
	1
	Update CSSF outside MG in clause 9.1.5.1 
	
	Option 3

	10
	Scheduling restriction
	Scheduling restriction table 1 (R4-2201637)
	
RLM, BFD and L1/L3 measurement higher priority over PRS
	
	
	FFS upon RAN1’s further agreements on the PRS processing priority

	11
	PRS/SSB collision
	Extend PRS measurement period or drop SSB
	PRS is prioritized. Equal sharing between SSB and PRS in case of full overlapping
	
	
	Option 1.

	12
	MG/PPW reconfig/activation
	Measurement period is extended 
	
	
	
	

	PPW= PRS processing window
PPWRP= PPW Repetition Period
	



Observation 1: As the pre-configured MG for PRS was introduced in Rel17, the corresponding requirements for this new aspect shall be discussed.
Proposal 6: In Rel17, measurement requirements of PRS and RRM apply at least for scenario 1 below.
· Scenario 1: No MG is configured for RRM measurement
· POS MG is considered as legacy MG in PRS and RRM measurements when activated
· POS MG is not considered in RRM requirements when deactivated

Proposal 7: 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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