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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#101bis, RAN4 made progresses on techniques on the latency reduction for positioning measurement below :
	Latency reduction of positioning measurement
· Number of measurement samples (M) for latency reduction
· RX beam sweeping reduction
· Measurement gap related enhancement for PRS measurements
· PRS measurements without measurement gaps




In addition, RAN2 has sent an LS [2] with agreement with pre-MG. In this paper we will provide our views on the above open issues from RAN4#101bis including the issue on the pre-configured MG.

Discussion 
[bookmark: _Hlk79123718]RAN4 reviewed the measurement accuracy and measurement period issue of a single sample measurement and the following agreements related to latency reduction with the single sample measurement were achieved as below [2].

Number of samples (M1) excluding sample(s) for AGC and associated conditions

Regarding the number of samples, RAN4 confirms that a single sample measurement is possible under the agreed conditions. Whether allowing an additional sample for AGC is separately discussed. 
	RAN4#101bis Agreements:
	Parameters
	Value

	No of samples w/o AGC (M1)
	1

	PRS Ês/Iot (dB)
	≥ -6

	Propagation conditions
	LOS

	PRS BW (RBs)
	≥ [48]

	Accuracy
	R16

	Repetition
	R16



· 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.



Regarding the number of sample reduction RAN4 confirmed that a single sample measurement is possible under the agreed conditions. RAN1 has agreed that for the PRS processing sample number M, at least M = 1 is supported, the other possible numbers M=2 or 3 are not specified as UE capability. It is still FFS additional samples for AGC in RAN4. In fact, this becomes a matter for RAN4 requirements whether introducing the low latency measurement period requirement. How to apply the requirement remains unclear with a UE capability on the reduced number of samples.
Since there is on-going discussion on UE capability, the requirement can be defined up to the RAN1/2 UE capability. RAN1 has agreed that M=1 is supported at least, RAN4 defines requirement with the conditions. Other numbers (M=2,3) remain FFS, we are ok to make a framework in case if RAN1/2 introducing M=2 or M=3 UE capability.
We understand that the additional sample for AGC training is important especially for = 1. If enabling = 2 or 3, a UE can utilize the samples for broad purposes of AGC training and PRS measurements, the conditions for the additional sample for AGC is not essential for  > 1 cases. In network aspect, it is good to achieve a hard limit of measurement period, if possible, with = 2 or 3, we prefer to set the conditions only for = 1.

Proposal 1 : Define low latency requirements the reduced number of samples = 1 with the conditions of measurement under discussion.
· Requirements with other reduced number of samples = 2 or 3 are up to UE capability introduction.
· Prefer to apply the conditions for an additional sample regarding AGC training only for = 1


	Remaining issue in RAN4#102
· 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




Regarding the condition of AGC power, we support option-2 : difference between the serving cell signal and neighboring cell PRS RX EPRE is within [6] dB. A UE is not required to read SSB from neighbor cells for positioning measurements, so RX power strength from neighbor cells is irrelevant to be referred to. 
Proposal 2 : Regarding the condition-1 of AGC power, we support option-2 :	difference between the serving cell signal and neighboring cell PRS RX EPRE is within [6] dB.

Regarding condition 2 of QCL, DL-PRS-QCL-Info-r16 is assistance information for beam search, and the spec allows RX beam sweeping. the current spec supports DL-PRS-QCL-Info-r16 with type-C and type-D, but not type-A, so option 2a and 2b impacts on RAN2 spec changes. Even if QCL information is considered for AGC gain, a UE should know average gain rather than other QCL information. It is not mandatory to read QCLed SSB for positioning measurement, 
DL-PRS-QCL-Info-r16 ::= CHOICE {
rs-Type-r16 ENUMERATED {typeC, typeD, typeC-plus-typeD} }
Proposal 3 : Regarding the condition-2 of QCL, we support 2a : when UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info). 

Regarding condition 3, some companies commented that PRS repetition does not help for latency reduction, it extends the latency because a UE needs more measurement resource due to the repetition. We expected that it would help to improve the accuracy and the latency by measuring at one shot measurement, but it is not the mechanism of Rel-16 and Rel-17 UE behavior. This seems like an issue but won’t be resolved easily. 
Observation 1 : Network expects that PRS repetition in consecutive slots helps to improve both the accuracy and the latency by one shot measurement on the consecutive resources, while the UE behavior expects to extend longer period to measure all of the repeated PRS resources due to {N,T} UE processing capability.
Proposal 4 :  Regarding PRS repetition in condition 3, if repeated PRS resources do not help to reduce measurement latency as observation 1, the PRS repetition is not required to be considered.

[bookmark: _Hlk95731423]Rx beam sweeping factor (<8) capability

	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

Agreements:
· The following Rx beam sweep numbers are supporoted for reduced Rx beam sweeping factor (<8) UE capability: {1, 2, 4, 6}





	Remaining issue in RAN4#102
· FFS whether UE needs to be configured by LMF to perform measurements with a reduced Rx beam sweeping factor




From RAN2 signalling on the reduced number of samples, a UE indicates UE capability with M=1, and then the network requests to measure with M=1 through requestedDL-PRS-ProcessingSamples . Likewise, the RX sweeping can work like the number of sample reduction as one option. 
[bookmark: _Hlk95731157]requestedDL-PRS-ProcessingSamples
This field, if present, indicates the requested number of DL-PRS processing samples. Enumerated value 'm1' indicates 1-sample DL-PRS processing is requested as defined in TS 38.133.

However, we slightly wonder if both the number of sample reduction and the beam sweeping reduction should be separately configured by LMF request. For example, we see requestedDL-PRS-ProcessingSamples for low latency positioning measurement, then the UE will understand the request for purpose of the low latency measurement. In fact, LMF knows if low latency measurement is required or not for positioning service usecase, but LMF does not know specific channel conditions of a UE to reduce how many samples or how many beam sweeping factor can be reduced due to AGC or QCL conditions. The request does not need to indicate a specific reduced RX sweeping factor, a bit indicator can also work to reduce the RX beam sweeping factor.
Observation 2 : LMF can know that low latency positioning measurement is required or not for positioning service usecase, but LMF may not know specific channel conditions of a UE to reduce how many samples or how many beam sweeping factor can be reduced due to AGC or QCL conditions.
Proposal 5 : Introduce a request from LMF to a UE to initiate low latency measurement by reducing the RX beam sweeping factor. 

Latency enhancements in relation to measurement gaps

RAN4 has agreed the framework of latency reduction in relation to measurement gaps in RAN4#101 and RAN#101bis.
	RAN4#101bis
Agreements:
1. PRS measurements without gaps are performed within PRS processing window (PPW)
2. 
3. Scheduling restriction is required based on RAN1 agreements.
4. PRS processing window is based on RAN1 agreements



Investigation into latency improvements for positioning due to MG-less measurement or out-of-MG measurements was done during the NR positioning enhancement with PRS processing window. The PRS processing window replaces the function of measurement gap configuration. PRS processing window is based on RAN1 agreements for the RAN4 requirement introduction.

	· Options for definition of parameters related to PPW 
	No.
	Parameters/issues
	Option 1
	Option 2
	Option 3
	Option 4

	5
	
	R16
	Unmuted and overlapped PRS within PRS processing window
	
	

	6
	 
	R16
	.
	
	

	7
	[bookmark: _Hlk95617637]Applicable number of PFLs
	1 
	> 1
	
	

	8
	Applicable number of samples
	4 
	4 and < 4
	1
	

	9
	Approach on the calculation of multiple positioning frequency layers
	Based on PRS resources overlapping of different PFLs
	1 PFL
	Sum approach
	N/A

	10
	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, same SCS

	11
	CSSF outside MG
	Based on processing unit assumption
	1
	Update CSSF outside MG in clause 9.1.5.1 
	N/A

	12
	Scheduling restriction
	Scheduling restriction table 1 (R4-2201637)
	
RLM, BFD and L1/L3 measurement higher priority over PRS
	

	

	13
	PRS/SSB collision
	Extend PRS measurement period or drop SSB
	PRS is prioritized. Equal sharing between SSB and PRS in case of full overlapping
	

	

	14
	MG/PPW reconfig/activation
	Measurement period is extended 
	
	
	

	PPW= PRS processing window
PPWRP= PPW Repetition Period






RAN1 has agreed PRS processing window parameters that are given for PPW configuration below.
	RAN1(RAN1#107-e)  agreement on PPW 
At least the following parameters for PRS processing window from the gNB to the UE are supported.
0. Starting slot
0. Periodicity
0. Duration/length
0. Cell and SCS information associated with the above parameters




We think there is no change in the aspect of multi-PFL measurement between MG-based and MG-less measurements. We support multiple PFL assumption for positioning measurement within PPW. A UE should be able to measure across different PFL associated with the cell and SCS settings. Details of parameters seem under RAN2 discussion, it may need time to specify details of the parameter condition. 
Proposal 6 : There is no change in the way to calculate multi-PFL measurements between MG-based and MG-less measurements. Sum approach is adopted for PPW-based positioning measurement.
PPW is defined for low latency measurement by avoiding latency due to measurement gap. If LMF intends to set low latency positioning service through PPW, it is reasonable to consider the reduced number of samples. Regarding accuracy requirement, RAN4 agreed to use the same Rel-16 accuracy requirement for low latency measurement, the only difference is about side conditions. 
Proposal 7 : A UE should be able to make the low latency accuracy requirement with the reduced number of samples measurement (i.e. up to =1) within PPW as minimum as well as 
Although there is no change in the way to calculate multi-PFL measurements between Rel-16 MG based and Rel-17 out-of-MG measurement with sum approach, the reporting manner can be improved to reduce reporting latency. Optionally, RAN4 can consider a partial positioning report. A UE can report positioning measurement per PFL to reduce the reporting latency. 
Proposal 8 : RAN4 considers a partial positioning measurement report. A UE can report positioning measurement per PFL to reduce reporting latency.
    - In this case, the measurement period requirement is applied based on one PFL measurement assumption.
Regarding the timing difference, RAN4 had discussion on the timing difference (TD) with candidate thresholds: {CP length, half of the symbol, half of the slot, 1ms}, but no consensus due to UE capability introduction.
	R4-2202679 LS reply (noted)
· 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 satisfies the condition of PRS measurement outside MG.
· Candidate thresholds: {CP length, half of the symbol, half of the slot, 1ms}



We are fine to send the LS draft in R4-2202679 from the last meeting. A type of UE assumption is a single FFT for PPW processing, so CP length will be one reasonable candidate. Another type of UE assumption is separate UE time tracking for the positioning measurement, not only with multiple FFT UE assumption. 
Proposal 9 : We support the timing difference with candidate thresholds {CP length, half of the symbol, half of the slot, 1ms} with corresponding UE capability.
Regarding PRS priority, RAN1 has agreed PRS/PDCCH/PDSCH/CSI_RS priority handing options below. Although it is considerable to define UE RX restriction based on the priority rule and UE capability, it seems not enough to define RX restriction yet, since there are more various cases of overlapping between data scheduling and PPW. For example, when one PDCCH can trigger multiple PDSCH RX stream, PPW can overlap only with PDCCH, or PPW can overlap some of PDSCH stream. So, the RX scheduling restriction may need to be more specific on the top of the RAN1 agreement. In our view, new TX behavior impacting gNB TX scheduling is not required at this stage. Therefore, if PDSCH(s) is scheduled ahead of PPW and if the PDCCH is close to PPW to schedule the PDSCH, it is up to UE implementation to receive PDSCH or PRS considering exceptional rules applicable to Option-1:State1 and Option-2:State-1. 
Proposal 10 : Follow RAN1 RX priority agreement per UE capability for RX scheduling restriction over PDCCH/PDSCH/CSI-RS within PPW. No other rule is required impacting data transmission scheduling.
In addition, SSB is not listed in the RAN1 RX priority rule. PRS measurement period can be extended by a scaling factor when PPW is overlapped with SSB or MG for RRM measurement. 

	RAN1#107 agreement
Support of priority handing options of PRS: Option1, Option2 or Option3
•	Option 1: UE may indicates support of two priority states.
−	State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
−	State 2: PRS is lower priority than all PDCCH/PDSCH/CSI-RS
•	Option 2: UE may indicate support of three priority states
−	State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
−	State 2: PRS is lower priority than PDCCH and URLLC PDSCH and higher priority than other PDSCH/CSI-RS
Note: The URLLC channel corresponds a dynamically scheduled PDSCH whose PUCCH resource for carrying ACK/NAK is marked as high-priority.
−	State 3: PRS is lower priority than all PDCCH/PDSCH/CSI-RS
•	Option 3: UE may indicate support of single priority state
· State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
Note: SSB is a separate issue.




R2-2202052 Reply LS on latency improvement for PRS measurement with MG

RAN2 has sent an LS with agreement on MAC-CE based positioning measurement gap activation and deactivation. This RAN2 work is the outcome of RAN1 LS R1-2112784. The discussion returns to RAN4, although MAC-CE-based MG activation/deactivation has been rejected with negative view in MG enhancement WI. RAN4 has decided that the pre-configured MG for the positioning measurements beyond Rel-16 will not be discussed under this WI (NR_MG_enh-Core). 

	RAN4#101 NR_MG_enh-Core
· It is feasible to configure Pre-MG for Rel-16 PRS measurements. 
· Pre-MG used for PRS measurement in Rel-16 shall be always activated, if PRS measurement in Rel-16 is configured. 
· It is up to NW to configure either Pre-MG which shall be always activated or legacy MG for PRS measurement. 
· The pre-configured MG for the positioning measurements beyond Rel-16 will NOT be discussed under this WI (NR_MG_enh-Core). 
· NW can control activation/deactivation of pre-configured MG for the specific BWP via RRC message ONLY. 
· Additional activation/deactivation conditions are not considered in application to network-controlled pre-MG activation/deactivation. (i.e. MAC CE based activation/deactivation is not supported)

RAN4#101 NR Positioning agreement
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



	[bookmark: _Hlk95726934]R2-2202052 Reply LS on latency improvement for PRS measurement with MG [4]

Agreements:
· The pre-configured Measurement Gap Configurations for Positioning are provided via RRCReconfiguration message. The pre-configured Measurement Gap Configurations for Positioning are included in IE MeasGapConfig.
· The content of the pre-configured Measurement Gap Configurations for Positioning includes at least the existing measurement gap parameters together with an ID identifying each Measurement Gap Configuration for Positioning.
· The existing RRC LocationMeasurementIndication procedure to request the positioning measurement gaps can still be used by a UE, even when pre-configured measurement gaps are provided to the UE.
Agreements:
· A new UL MAC CE for positioning measurement gap activation and deactivation request is introduced. 
· The new UL MAC CE for positioning measurement gap activation and deactivation request includes at least the ID of the pre-configured positioning measurement gap configuration for which the activation/deactivation is requested. Other parameter are FFS.
· A new DL MAC CE for positioning measurement gap activation and deactivation command is introduced for positioning latency reduction.
· The new DL MAC CE for positioning measurement gap activation and deactivation command includes at least the ID of the pre-configured positioning measurement gap configuration which has been configured/activated by the gNB. Other parameter are FFS.
· The Scheduling Request should be triggered when there is no PUSCH and UL MAC CE for positioning measurement gap activation/deactivation request is triggered.

Agreements:
On the concurrent measurement gap, RAN2 wait for further input from RAN1/RAN4. 
-	On the Network-Controlled Small Gap, RAN2 wait for further input from RAN1/RAN4.



RAN2 asks RAN4 again to review pre-configured measurement gap for positioning. Under the current situation the MAC-CE message for MAC-CE activation/deactivation is introduced, technically it is possible for a UE to request  activation of a positioning MG, then network can activate pre-MG for positioning like a legacy MG for both PRS and RRM measurements. When the pre-configured MG is deactivated, the UE is not expected to perform PRS measurement, and there is no impact to PRS measurement requirements.
In the other case, when a legacy MG is configured and when pre-configured MG for positioning is activated, then this is somewhat similar to the concurrent MG, but the case with ‘one pre-MG for positioning’ and ‘one legacy MG’ is not exactly same as the concurrent MG case. We don’t know how a UE handles this case, and it is unclear what and how a UE measures target objects when the two types of gaps with different configuration run concurrently. This seems not like a simple discussion to wrap it up in one meeting. Other than the proposal X, we propose to study further on the pre-configured MG under a well-organized framework.
Proposal 11: Define positioning measurement requirement when DL MAC-CE for positioning MG activation command is received and when a legacy MG is not configured. (Scenario-1 in issue 1-3-3)



Conclusion
This contribution has discussed latency enhancements for NR positioning in Rel-17. We provide observation and proposals as below :

Proposal 1 : Define low latency requirements the reduced number of sample = 1 with the conditions of measurement under discussion.
· Requirements with other reduced number of samples = 2 or 3 are up to UE capability introduction.
· Prefer to apply the conditions for an additional sample regarding AGC training only for = 1

Proposal 2 : Regarding the condition-1 of AGC power, we support option-2 :	difference between the serving cell signal and neighboring cell PRS RX EPRE is within 6 dB.

Proposal 3 : Regarding the condition-2 of QCL, we support 2a : when UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info). 

Observation 1 : Network expects that PRS repetition in consecutive slots helps to improve both the accuracy and the latency by one shot measurement on the consecutive resources, while the UE behavior expects to extend longer period to measure all of the repeated PRS resources due to {N,T} UE processing capability.
Proposal 4 :  Regarding PRS repetition in condition 3, if repeated PRS resources do not help to reduce measurement latency as observation 1, the PRS repetition is not required to be considered.

Observation 2 : LMF can know that low latency positioning measurement is required or not for positioning service usecase, but LMF may not know specific channel conditions of a UE to reduce how many samples or how many beam sweeping factor can be reduced due to AGC or QCL conditions.
Proposal 5 : Introduce a request from LMF to a UE to initiate low latency measurement by reducing the RX beam sweeping factor. 

Proposal 6 : There is no change in the way to calculate multi-PFL measurements between MG-based and MG-less positioning measurements. Sum approach is adopted for PPW-based positioning measurement.
Proposal 7 : A UE should be able to make the low latency accuracy requirement with the reduced number of samples measurement (i.e. up to =1) within PPW as minimum as well as 
Proposal 8 : RAN4 considers a partial positioning measurement report. A UE can report positioning measurement per PFL to reduce reporting latency.
    - In this case, the measurement period requirement is applied based on one PFL measurement assumption.
Proposal 9 : We support the timing difference with candidate thresholds {CP length, half of the symbol, half of the slot, 1ms} with corresponding UE capability.
Proposal 10 : Follow RAN1 RX priority agreement per UE capability for RX scheduling restriction over PDCCH/PDSCH/CSI-RS within PPW. No other rule is required impacting data transmission scheduling.
Proposal 11: Define positioning measurement requirement when DL MAC-CE for positioning MG activation command is received and when a legacy MG is not configured. (Scenario-1 in issue 1-3-3)
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