3GPP TSG-RAN WG4 Meeting #101-bis-e	R4-2201638
Electronic Meeting, 17 – 25 January, 2022
	
Title: 	On latency reduction for positioning measurement 
Source: 	Huawei, HiSilicon
Agenda item:	6.21.2.2
Document for:	Approval
Introduction
RRM requirements related to latency reduction for positioning measurement were discussed in RAN4#101-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· Sample number reduction
· Sample number and related conditions 
· Consideration on AGC
· MG related enhancements
· MG-less measurement
· Other enhancements for latency reduction
· Rx beam sweeping factor
· Measurement capability
· Tlast
In addition, RAN2 has sent an LS [2] to clarify some understanding in pre-MG. In this paper we will provide our views on the above open issues for pre-MG and on the questions raised by RAN2 LS.
Discussion
Sample number reduction
Sample number and related conditions 
	1. Number of samples (M1) excluding sample(s) for AGC and associated conditions
Table (For Information): Companies’ proposal on parameters related to number of samples:
	Parameter
	Company name

	
	Intel P1
	Intel P1
	Huawei
	vivo
	CATT
	CMCC
	Qualcomm
	OPPO
	Ericsson
	Nokia

	Rel-16 side conditions (PRS Ês/Iot (dB)
	
	[-6,-13]
	No
	No
	No
	
	-3, -6
	
	No
	No

	Higher side conditions
	[0,-6] for RSTD
	
	>=-6dB
	RSTD: [-3dB, -6dB]
PRS-RSRP: [-6dB]
UE Rx-Tx: [-6dB]
	[0,-3,-6]dB
	
	
	>=-6dB for neighbour cells
	>= -6dB
	>=-6dB for neighbour cells

	Rel-16 propagation conditions
	No
	No
	FFS
	Yes
	Yes for higher SINR
	
	Yes
	Yes 
	Yes
	Yes

	LOS TDL-D, DS=30ns, Doppler=5 Hz
	Yes
	yes
	FFS
	No
	FFS
	
	FFS
	FFS
	Yes
	Yes

	Rel-16 PRS BW
	≥24
	
	Yes 
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Subset of Rel-16 PRS BW
	
	≥64
	No
	
	
	
	
	
	No
	No

	PRS repetition
	≥4
	≥1
	Same as Rel-16
	
	≥1
	
	
	>=4 
	Same as Rel-16
	>=4


· 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
· Number of samples and associated parameters are determined based on link simulations:
The above input paraneters are used in link simulation assumptions in R4-2120330.


Based on our simulation results and observations in our companion paper, we suggest to define 1-sample measurement based on -6dB Es/Iot, for the following reasons:
· This would allow meaningful measurement latency reduction compared to 2-sample
· Delay caused by one additional sample may be large since PRS periodicity is typically long
· Additional sample may be required for AGC as discussed in the next section
· This would allow reduced sample number to be use-able for all propagation conditions
· This would allow reduced sample number to be use-able for all PRS configurations
· This would allow similar accuracy for RSTD and Rx-Tx as Rel-16, and smallest accuracy gap for PRS-RSRP compared to Rel-16
Another issue discussed in RAN4#101-e was whether we should target at Rel-16 accuracy at for -3dB Es/Iot at the same Es/Iot but with reduced sample number. We prefer not to go with this approach.
· For RSTD, there was no requirement for -3dB in Rel-16 so nothing can be re-used. 
· For PRS-RSRP, from our simulation it is not feasible to achieve Rel-16 accuracy for -3dB Es/Iot with 1 or 2 samples even at same -3dB Es/Iot.
· For UE Rx-Tx, from our simulation it is feasible to achieve Rel-16 accuracy for -3dB and AWGN channel under AWGN channel, but it is not feasible to achieve Rel-16 accuracy for -3dB and fading channel for all cases under TDL-A/C channel
[bookmark: _GoBack]Proposal 1: RAN4 to define requirements for M1=1 based on -6dB for all Rel-16 BWs and all Rel-16 propagation channels with same repetition assumption as in Rel-16
· As baseline, Rel-16 accuracy requirements based on -13dB Es/Iot apply.
· If separate accuracies are defined for AWGN and fading channel in Rel-16, the Rel-16 accuracy for AWGN and fading channel apply respectively.
Consideration on AGC
	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 
· 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


We support condition #1 with option 1 for condition #1B for M2=0.
Condition #1B is targeted to address the possible issue of large power difference between the serving cell and the target cell for the PRS measurement, such that UE can use the gain setting for the serving cell to perform the PRS measurement and avoid dedicated PRS sample for AGC. 
While we understand option 2 is technically valid and maybe a more direct solution to the issue, but the drawback is that the absolute PRS Es/Iot condition will be depending on the serving cell condition. For example, assuming X=10dB, if serving cell Es/Iot is 10dB, then no AGC sample is needed if PRS Es/Iot is >= 0dB, but when the serving cell Es/Iot is 20dB, then PRS Es/Iot should be >=10dB. Option 1 may not be a perfect solution to the issue, but it resembles the condition for RRM measurement for which additional AGC sample is not needed. Moreover, if the PRS Es/Iot side condition in section 2.1.1 is defined as -6dB as in Proposal 1, then we do not need this condition #1B to avoid AGC sample.
We do not support option 2 or 3 as conditions for M2=0.
On option 2 and 2a, there are several issues. We are not sure if QCL can provide power related information. Even it can, UE is not required to performance additional measurement for the QCL source. Even UE would measure the SSB as QCL source, the target Es/Iot for SSB is -6dB (same power difference issue as being discussed for condition #1B). Finally, PRS resources from different TRPs can be multiplexed on the same set of OFDM symbols, so even UE has measured the QCL source of each PRS resource, it may not be able to derive the gain setting for the PRS measurement. 
On option 3a, it means more repetitions would be needed per PRS instance. It will impact the definition of overlapping between PRS resource and MG which is based on the min number of repetitions. Also, it would increase Lprs,available (PRS durations UE needs to be measure) and could lead to longer measurement period. 
On option 3b, the PRS resource instance will be not intact as some symbols will be lost. Also, such symbol level AGC adjustment may require separate UE capability.
Proposal 2: M2=0 if the following conditions are met, M2=1 otherwise.
· PRS bandwidth is within the active BWP and 
· Target PRS Es/Iot side condition is ≥ -6dB (whether this condition is needed depends on the general Es/Iot side condition for sample number reduction).
MG related enhancements
	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


RAN1 has defined enhanced mechanism related to MG request and activation with the following procedures:
· gNB pre-configures one or more MGs, and each MG is associated with an ID
· UE requests MG activation via UL MAC CE, which includes one MG ID
· gNB activates one of the pre-configured MG via DL MAC CE, includes one MG ID
Based on our understanding, the enhanced mechanism is defined for positioning measurement, so the pre-configured MGs can be only used for PRS measurement. For easy reference, we denote the pre-configured MG(s) for PRS measurement as “POS MG(s)”. As only one POS MG ID can be included in the UL or DL MAC CE, we understand only one POS MG can be activated when multiple POS MGs are pre-configured. 
In our view, RAN4 needs to define measurement requirements for both PRS and RRM measurements when POS MG is used. Considering the time limit for Rel-17 and the complexity in joint working of functionalities introduced in different WIs (ePOS WI and MG Enhancement WI), we suggest to only consider the following scenarios for the requirements with POS MG:
· Scenario 1: No MG is configured for RRM measurement
In this scenario, POS MG can be considered as legacy MG in both PRS and RRM measurements when it is activated, and the current requirements for both PRS and RRM measurements can be re-used, possibly with some clarification on the availability of MG.
When POS MG is deactivated, UE is not expected to perform PRS measurement, so there is no impact to PRS measurement requirements. Also, following the same principle for pre-MG in MG Enhancement WI, a deactivated POS MG should not have impact to the RRM measurements which are performed without MG.
· Scenario 2: One legacy MG is configured for RRM measurement 
In this scenario, when POS MG is activated, UE would have two concurrent MGs, and the simplest way to define requirements is to re-use the framework of concurrent MGs defined in MG Enhancement WI. 
We understand that this requires joint working between concurrent MGs and the POS MG, while in MG Enhancement WI, joint working between concurrent MGs and other MG types than legacy MG (e.g. pre-MG or NCSG) is not supported, so we suggest RAN4 to discuss if measurement requirements should be defined for this scenario with activated POS MG based on framework of concurrent MGs.
Of course, even RAN4 is to define requirements, they will only apply when UE supports concurrent MGs. For other UEs e.g. Rel-16 UE, gNB cannot activate the POS MG before de-configuring the MG for RRM which falls back to Scenario 1.
When POS MG is deactivated, there should be no impact to RRM measurements either those performed within the legacy MG or outside MG, so the existing RRM requirements can be re-used.
For other scenarios, when UE is configured with concurrent MGs, pre-MG or NCSG for RRM measurement, we suggest to not define measurement requirements when POS MG(s) are configured. 
Proposal 3: RAN4 to define measurement requirements when 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.
Proposal 4: RAN4 to define measurement requirements when POS MG(s) are configured for the following scenarios.
-	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
MG-less measurement
Conditions for MG-less measurement 
In RAN1#107-e, an LS [2] was sent to RAN4 regarding the conditions of MG-less PRS measurement.
	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


RAN4 is asked to 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.
Before discussing the threshold for the expected RTD, RAN4 should first make the definition of expected RTD clear. In [2] it is mentioned that the expected RTD is determined by expected RSTD and expected RSTD uncertainty in the assistance data. The expected RSTD can range from -0.5ms to +0.5ms, and the expected RSTD uncertainty can range from -32us to 32us for FR1 and -8us to 8us for FR2.
As shown in Figure 1, T0 is the location of the centre of the search window for the non-serving cell, which is determined by the expected RSTD configured for the non-serving cell PRS. T1 (and T2) are the start (and end) of the search window of the non-serving cell, which are determined by T0 minus (and plus) the expected RSTD uncertainty for the non-serving cell PRS. 
[image: ]
Figure 1: Illustration of expected RTD
The expected RTD is a metric to describe the level of synchronization between the serving and non-serving cell, so it should be the difference between a reference time for the serving cell and a reference time for the non-serving cell. 
For the serving cell, there can be several options for the reference time, i.e. it can be the boundary of the serving cell symbol, slot, subframe, frame or SFN0. Symbol boundary imposes least restriction on the NW side, i.e. UE can measure the non-serving cell PRS as long as there is symbols level sync between the serving and non-serving cell, but the PRS in the non-serving cell can be transmitted in different symbol, slot, subframe, frame and SFN as compared to the serving cell PRS. On the contrary, SFN0 imposes most restrictions on the NW side, as it means UE can measure the neighbour cell PRS only if SFN0 of the non-serving cell and serving cell are synchronized. 
We suggest to use slot boundary for the serving cell reference time. Although symbol boundary is the technically best option, there are several issues in defining the RTD. One is that the symbol length is not same for all symbols because in each slot symbol #0 and #7 are with longer CP than the other symbols. The other issue is that the search window can be larger than symbol length, making it very difficult to define the distance between the serving cell reference time and the search window for the non-serving cell. Slot boundary is the next option which gives least restriction on NW side.
For the non-serving cell, we suggest to use the slot boundary plus the search window as the reference time. This means when calculating the expected RTD, non-serving cell PRS is assumed to be transmitted from the first symbol in a slot, no matter which start symbol it is actually configured.
Based on above, the expected RTD can be defined as the maximum of X1 (the distance between T1 and serving cell slot boundary) and X2 (the distance between T2 and serving cell slot boundary). 
· X1 can be derived from X1’= mod(expected RSTD + expected RSTD uncertainty, slot length):
· X1 = X1’, if X1’ < 0.5 slot
· X1 = 1-X1’, otherwise 
· X2 can be derived from X2’= mod(expected RSTD - expected RSTD uncertainty, slot length):
· X2 = X2’, if X2’ < 0.5 slot
· X2 = 1-X2’, otherwise 
Proposal 5: 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)
On the threshold, the level of sync on symbols level needed for MG-less measurement depends on how UE performs the TOA measurement. 
· If the measurement is done by time domain correlation, then it should not depend on any condition on sync, i.e. UE should be able to support any expected RTD between the serving cell PRS and the non-serving cell PRS, which is same assumption as for MG based measurement. In this case the maximum RTD is 0.5 slot.
· If the measurement is done in frequency domain after FFT, then it should depend on certain sync because most likely the FFT window would be based on serving cell timing. This case is similar as CSI-RS L3 measurement with single FFT assumption. For CSI-RS measurement the accuracy requirements are defined based on time offset <= CP, and we think the same condition can be re-used, which is already a tight requirement to the NW for SCS larger than 15kHz. Of course, RAN4 can further discuss the impacts on the accuracy of the timing related measurements in the performance part.  
Considering that there can be different implementation choices, we suggest to define the sync threshold (the maximum RTD) for MG-less measurement as a UE capability, with at least two values {CP length, 0.5 slot}. This would enlarge the applicable scenario of MG-less measurement based on UE implementation, i.e. MG-less measurement can be used by some UEs without tight sync requirements on the NW.
Proposal 6: Introduce UE capability for the maximum Rx timing difference in MG-less PRS measurement, with at least two values {CP length, 0.5 slot}.
On whether UE needs to calculate the expected Rx time difference and/or compare it against the threshold, we understand it can be left to UE implementation. 
For the spec, RAN4 will define requirements for MG-less measurement, and it is clear that sync will be defined as a side condition, which means the requirements apply only provided that the expected RTD is no larger than the maximum RTD supported by the UE. It is noted that for almost all the existing measurement requirements, there are some side conditions, but RAN4 has not defined UE behaviour regarding whether or not UE should check the side conditions are met. We think the same principle should be followed for MG-less PRS measurement.  
Proposal 7: It is up to UE implementation whether to calculate the expected Rx time difference and/or compare it against the threshold.
Scheduling restriction 
RAN1 has discussed the prioritization of PRS and other DL signals/channels.
	Agreement
The following options are supported subject to UE capability for priority handling of PRS when PRS measurement is outside MG.
· 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.

Agreement
The priority of PRS for UE supporting two priority states and three priority states can at least be indicated in RRC.

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.)

Agreement
For capability 1A as per working assumption made in RAN1#106-e, the DL signalings/channels in a per UE fashion (i.e. both across NR & LTE) inside the PRS processing window are dropped if the DL PRS is determined to be higher priority.
For capability 1B as per working assumption made in RAN1#106-e, only the DL signalings/channels from a certain band inside the PRS processing window are dropped if the DL PRS is determined to be higher priority.


In our understanding, RAN4 needs to define scheduling restriction requirements for the following cases.
Case 1: PRS measurement is of higher priority than DL signal/channels 
For Case 1, RAN1 has made agreements on UE behaviour at least for UE capability 1A and 1B, where UE will drop DL signals/channels of lower priority than PRS in the whole PRS Processing Window (PPW) on all serving cells for capability 1A and serving cells in the same band as the PRS for capability 1B. Therefore, for scheduling restriction requirements, UE is not expected to receive DL signals/channels of lower priority than PRS in the PPW on the impacted serving cells. This is similar to scheduling restriction during SMTC window due to intra-frequency RRM measurement.
For UE capability 2, it is clear based on RAN1 WA that UE will drop DL signals/channels only in the PRS symbols inside the PPW, but which serving cells are impacted is still FFS (pending on RAN1 discussion). For scheduling restriction requirements, besides the serving cell PRS symbols, UE is also not expected to receive DL signals/channels on the serving cell symbols where non-serving cell PRS are mapped, if the expected RTD for the non-serving cell PRS is smaller than the maximum RTD supported by UE (otherwise UE is not required to measure this non-serving cell PRS resource and no scheduling restriction is needed). 
To map the non-serving cell PRS to serving cell symbols, the expected RSTD should be considered, which means the non-serving cell PRS can be mapped to somewhere in the middle of a serving cell symbol. Denote L as the serving cell symbol index which is closest to the non-serving cell PRS plus expected RSTD, and N as the number of symbols for the PRS resource
· If the expected RTD for the non-serving cell PRS is <= CP, the overlapping between the non-serving cell PRS and symbol L-1, if any, will be smaller than CP, so there is no need to have scheduling restriction on symbol L-1, but it only applies from symbol L to symbol L+N-1
· If the expected RTD for the non-serving cell PRS is > CP, besides symbol L to L+N-1, symbol L and symbol L+N may also have scheduling restriction further considering the search window defined bythe expected RSTD uncertainty.
Case 2: PRS measurement is of lower priority than DL signal/channels 
For Case 2, RAN1 has not made clear agreement on the UE behaviour. We understand that 
· UE is not expected to do any PRS measurement in the PPW if there is any DL signals/channels during PPW on any serving cell, for capability 1A
· UE is not expected to do any PRS measurement on any PRS symbols in the PPW if there is any DL signals/channels during PPW on any serving cell in the same band as PRS, for capability 1B
· UE is not expected to do PRS measurement on PRS symbols in the PPW overlapped with DL signals/channels during PPW on the impacting serving cell (the impacting serving cell is FFS and pending on RAN1 discussion), for capability 2
Therefore, in principle there should not be any scheduling restriction due to PRS measurement of lower priority. One issue to be considered is how UE could determine there is DL signals/channels during PPW or on PRS symbols. For configured reception, e.g. search space, P- or SP-CSI-RS, there should be no ambiguity as it is clear to UE that the corresponding symbols will be used for DL signals/channels instead of PRS.
However, for dynamically scheduled reception, e.g. PDSCH scheduled by DCI, UE is aware of the reception only after DCI decoding. If the DCI is too close in time with the PDSCH, UE may not be able to perform the PDSCH reception because it has already scheduled PRS measurement on the corresponding symbols. There could still be scheduling restriction if DCI is later than T before the scheduled symbol if the scheduled symbols is overlapped with serving cell or non-serving cell PRS, as shown in Figure 2.
[image: ]
Figure 2: Example of PDSCH scheduled on the PRS symbols
For UE capability 1A and 1B, the DCI for scheduling PDSCH or AP-CSI-RS during any symbol in the PPW should be T before the start of the PPW. If no such DCI is received and no DL signals/channels is configured during PPW, UE would perform PRS measurement during the PPW. This means DL signals/channels that is scheduled by DCI after T before the start of PPW will be restricted. 
For UE capability 2, the DCI for scheduling PDSCH or AP-CSI-RS in a measured PRS symbol in the PPW should be T before the symbol. If no such DCI is received and no DL signals/channels is configured on the symbol, UE would perform PRS measurement. This means DL signals/channels on the measured PRS symbol that is scheduled by DCI after T before the symbol will be restricted. Same as in Case 1, the measured PRS symbols include symbols with serving cell PRS, and symbols mapped with non-serving cell PRS.
Based on above analysis, we summarize the scheduling restriction due to PRS measurement outside MG as in Table 1, and we suggest to define requirements based on it.
Proposal 8: Define scheduling restriction requirements for PRS measurement outside MG based on Table 1.
Table 1: scheduling restriction for PRS measurement outside MG
	
	Case 1: PRS measurement is of higher priority 
	Case 2: PRS measurement is of lower priority

	1A
	UE is not expected to receive DL signals/channels of lower priority in the PPW on all serving cells
	UE is not expected to receive scheduled DL signals/channels of higher priority in the PPW on all serving cells, if the corresponding DCI is later than T before the start of the PPW and there is no DL signals/channels configured during PPW or scheduled during PPW with DCI earlier than T before the start of the PPW on any serving cell

	1B
	UE is not expected to receive DL signals/channels of lower priority in the PPW on serving cells in the same band as PRS
	UE is not expected to receive scheduled DL signals/channels of higher priority in the PPW on the serving cells in the same band as PRS, if the corresponding DCI is later than T before the start of the PPW and there is no DL signals/channels configured during PPW or scheduled during PPW with DCI earlier than T before the start of the PPW on serving cells in the same band as PRS

	2
	UE is not expected to receive DL signals/channels of lower priority in the measured PRS symbols on the impacted serving cells
	UE is not expected to receive scheduled DL signals/channels of higher priority on the measured PRS symbols on the impacted serving cells, if the corresponding DCI is later than T before the symbol and there is no DL signals/channels configured on the symbol on the impacting serving cell

	Note: For Capability 2, the measured PRS symbols includes serving cell PRS symbols, and serving cell symbols mapped with non-serving cell PRS. Denote L as the serving cell symbol index which is closest to the non-serving cell PRS plus expected RSTD, and N as the number of symbols for the PRS resource.
-	If the expected RTD for the non-serving cell PRS is <= CP, serving cell symbols mapped with non-serving cell PRS includes symbol L to symbol L+N-1
-	If the expected RTD for the non-serving cell PRS is  > CP, serving cell symbols mapped with non-serving cell PRS includes symbol L-1 to symbol L+N


Measurement requirements
	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





In our view, the requirements for MG based measurement should the baseline for MG-less measurement. Based on this principle, we will analysis each of the factors listed in [1].
1) Requirement applicability
In Rel-16, the measurement requirements apply only when UE is configured with MG, and only to PRS resources that are overlapped with MG. For MG-less measurement, the role of MG should be replaced with PRS Processing Window (PPW). Based on following RAN1 agreements, PPW can be (pre)-configured via RRC and activated by the DL MAC CE. 
	Agreement
For PRS processing window configuration and indication, at least the following mechanism is supported
1. RRC (pre-)configuration for PRS processing window configuration and DL MAC CE activation for PRS processing window, respectively.
Include it in the LS to RAN2 and request RAN2 to decide whether DL MAC CE is feasible for this indication.


Following the same applicability related to MG in Rel-16, for MG-less measurement, the requirements apply only when UE has activated PPW and only to resources overlapped with PPW.
Another difference compared to MG based measurement is that MG-less measurement is based on NW sync. As discussed in section 2.3.1, the requirements apply only to the PRS resources for which the RTD is no greater than the maximum RTD supported by the UE.
In MG based measurement, PRS is always prioritized over DL signals/channels. For MG-less measurements, the priority of PRS is configurable and can be lower than DL signals/channels. Based on discussion in section 2.3.2, the requirements would apply only when
· no DL signals/channels of higher priority is configured during PPW or scheduled during PPW with DCI earlier than T before the start of the PPW on any serving cell, for Capability 1A
· no DL signals/channels of higher priority is configured during PPW or scheduled during PPW with DCI earlier than T before the start of the PPW on serving cells in the same band as PRS, for Capability 1B
· no DL signals/channels of higher priority is configured on any of the measured symbols of the PRS resource or scheduled on any of the measured symbol of the PRS resource with DCI earlier than T before the first measured symbol of the PRS resource on impacting serving cells in the same band as PRS, for Capability 2
Proposal 9: Requirements for MG-less PRS measurement apply 
· when UE has activated PPW and only to PRS resources overlapped with PPW
· to the PRS resources for which the RTD is <= maximum RTD supported by the UE
· when PRS resource is not overlapped with DL signals/channels of higher priority
· no DL signals/channels of higher priority is configured or scheduled during PPW with DCI earlier than T before the start of the PPW on any serving cell, for Capability 1A
· no DL signals/channels of higher priority is configured or scheduled during PPW with DCI earlier than T before the start of the PPW on serving cells in the same band as PRS, for Capability 1B
· no DL signals/channels of higher priority is configured or scheduled on any measured PRS symbol of the PRS resource with DCI earlier than T before the first measured symbol of the PRS resource on impacting serving cells, for Capability 2
2) Multiple PFLs
When multiple PFLs are to be measured without MG, the same approach for defining requirements in Rel-16 can be re-used, i.e. UE is assumed to perform measurements in sequential manner. 
It could happen that the activated PPW is not sufficient for all PFLs, and in this case UE may request serving gNB to activate another PPW. In Rel-16, it was agreed that if MG is re-configured during the measurements, the measurement period can be longer. Similar principle can be re-used, e.g. when PPW is re-activated the measurement can be longer.
Another case is that some of the PFLs can be measured without MG while others require MG. In this case, UE may request MW to re-configure or activate MG, and the measurement period can also be longer.
Proposal 10a: Use sum-approach to define MG-less measurement requirements for multiple PFLs. 
Proposal 10b: If MG reconfiguration/activation or PPW re-activation occurs during the measurement, the measurement period can be longer.
3) PPW, Tavailable, Teffect and Lavailable
In MG based requirements, the measurement interval Tavailable and Teffect are defined as follows.
	 = 

 is the periodicity of DL PRS resource with muting on positioning frequency layer i.


In our view, PPW plays a similar role as MG for MG based PRS measurement. The MGRP in the definition of Tavailable should be replaced by the periodicity of the PRS processing window, so it can be defined as the LCM of Tprs and PPW periodicity.
Teffect further accounts UE processing time T, and we do not see the need to change the definition because in MG-less measurement the {N,T} capability still applies, although UE may report different values for MG-less measurement.
Lavailable is used to account for the duration of PRS resources that UE needs to measure.
	 is the time duration of available PRS in the positioning frequency layer i to be measured during , and is calculated in the same way as PRS duration K defined in clause 5.1.6.5 of TS 38.214 [26]. For calculation of , only the PRS resources unmuted and fully or partially overlapped with MG are considered.


In our view, the current definition of Lavailable can be re-used, except that only the PRS resources unmuted and fully or partially overlapped with PPW are considered.
Proposal 11: For MG-less PRS measurement, 
· Tavailable is defined based on the LCM of Tprs,i and measurement window periodicity.
· Lavailable is defined same as in Rel-16 except that only the PRS resources unmuted and fully or partially overlapped with PPW are considered.
· Teffect is defined same as in Rel-16.
4) Sample number
In our view, both Rel-16 4-sample and Rel-17 reduced sample are applicable for MG-less measurement. The applicability of sample number can be same as MG based measurement, i.e. it can be requested by the LMF and subject to UE capability. The side condition and corresponding accuracy should also be same as MG based measurement. 
Proposal 12: Both 4-sample and reduced sample are applicable for MG-less measurements.
5) CSSF
In our view, PRS measurement will compete resources with RRM measurement. With MG, PRS measurement and RRM measurement are not assumed to be taken at the same time and this is reflected scaled with CSSF. For MG-less PRS measurement the same assumption should hold. 
Considering that MG-less PRS measurement is motivated by low latency, it is desirable to prioritize PRS measurement when PRS is overlapping with RRM measurement. As such, PRS measurement period does not need to be scaled. For RRM measurement outside MG, the PPW would be same as MG, and we can use e.g. Kp approach to define the impact to RRM measurement. When PPW and RRM measurement resource e.g. SMTC are fully overlapping, a sharing ratio e.g. 50%:50% can be defined.
Proposal 13: PRS measurement is prioritized when PPW is overlapping with RRM measurement resources. When PPW and RRM measurement resources are fully overlapping, a sharing ratio e.g. 50%:50% is defined.
Other enhancements for latency reduction
Rx beam sweeping factor
	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


In [3] RAN1 sent an LS to inform RAN4 about the following agreement and asked RAN4 to confirm if the feature can be supported by RAN4 in Rel-17.
	Agreement:
Introduce a new UE capability on lower Rx beam sweeping factor (<8) to reduce the PRS measurement latency for FR2 positioning frequency layers.
· Send an LS to RAN4 to confirm.


In our understanding, there is no feasibility issue in the RAN1 agreement because it is up to UE implementation to support a lower Rx beam sweeping factor. Of course, we understand this should not be supported at the cost of Rx beam gain or the coverage, so the side conditions on Es/Iot and receive power should not be changed compared to Rel-16.
Supporting this feature in RAN4 is also no problem as it only impacts  in the measurement period, and the change is rather straightforward, i.e.  can be changed from a fixed value to a variable based on UE capability report. In RAN4#101-e, there is an FFS point on whether the recued beam sweeping factor is applicable under certain conditions, e.g. availability of QCL information. Since the reduced Rx beam sweeping factor is optional, we do not think such condition is needed. 
Proposal 14: Reply to RAN1 that a new UE capability on lower Rx beam sweeping factor (<8) can be supported in RAN4 in Rel-17.
Tlast
	[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.


In Rel-16 measurement requirements, the definition of Tlast is 
	 is the measurement duration for the last PRS RSTD sample in positioning frequency layer i, including the sampling time and processing time,  =  +  ,


In Rel-16, the positioning measurement period is defined based on M=4 samples. For each of the first 3 samples, the full measurement interval Teffect is included, and for the last sample, Tlast is included which is mainly to account for the sampling and processing time of the last sample. 
During Rel-16 discussion, considering the fact that PRS resources from different TRPs may not be available in the same MG occasion, e.g. due to resource muting, Tlast is defined such that it further includes another Tavailabe, which is to account for the time for UE to wait for the PRS resource with largest offset to come.
In RAN4#100-e, some companies suggested to optimize the requirements related to Tlast because when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe, there is no need for UE to wait but can process the last sample after the PRS duration. 
We think this proposal is reasonable, and with such optimization, when the number of samples is reduced to M=1, feasibility is subject to RAN4 study, the measurement period can be rather small. As to the exact definition, we suggest to define Tlast as T+MGL, where MGL is the time duration for UE to receive the samples of the PRS resources in the MG occasion and T is the processing time. 
Proposal 15: Define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe.
Conclusions
In this paper we provided our views on latency reduction for PRS measurement.
Proposal 1: RAN4 to define requirements for M1=1 based on -6dB for all Rel-16 BWs and all Rel-16 propagation channels with same repetition assumption as in Rel-16
· As baseline, Rel-16 accuracy requirements based on -13dB Es/Iot apply.
· If separate accuracies are defined for AWGN and fading channel in Rel-16, the Rel-16 accuracy for AWGN and fading channel apply respectively.
Proposal 2: M2=0 if the following conditions are met, M2=1 otherwise.
· PRS bandwidth is within the active BWP and 
· Target PRS Es/Iot side condition is ≥ -6dB (whether this condition is needed depends on the general Es/Iot side condition for sample number reduction).
Proposal 3: RAN4 to define measurement requirements when 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.
Proposal 4: RAN4 to define measurement requirements when POS MG(s) are configured for the following scenarios.
-	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
Proposal 5: 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)
Proposal 6: Introduce UE capability for the maximum Rx timing difference in MG-less PRS measurement, with at least two values {CP length, 0.5 slot}.
Proposal 7: It is up to UE implementation whether to calculate the expected Rx time difference and/or compare it against the threshold.
Proposal 8: Define scheduling restriction requirements for PRS measurement outside MG based on Table 1.
Table 1: scheduling restriction for PRS measurement outside MG
	
	Case 1: PRS measurement is of higher priority 
	Case 2: PRS measurement is of lower priority

	1A
	UE is not expected to receive DL signals/channels of lower priority in the PPW on all serving cells
	UE is not expected to receive scheduled DL signals/channels of higher priority in the PPW on all serving cells, if the corresponding DCI is later than T before the start of the PPW and there is no DL signals/channels configured during PPW or scheduled during PPW with DCI earlier than T before the start of the PPW on any serving cell

	1B
	UE is not expected to receive DL signals/channels of lower priority in the PPW on serving cells in the same band as PRS
	UE is not expected to receive scheduled DL signals/channels of higher priority in the PPW on the serving cells in the same band as PRS, if the corresponding DCI is later than T before the start of the PPW and there is no DL signals/channels configured during PPW or scheduled during PPW with DCI earlier than T before the start of the PPW on serving cells in the same band as PRS

	2
	UE is not expected to receive DL signals/channels of lower priority in the measured PRS symbols on the impacted serving cells
	UE is not expected to receive scheduled DL signals/channels of higher priority on the measured PRS symbols on the impacted serving cells, if the corresponding DCI is later than T before the symbol and there is no DL signals/channels configured on the symbol on the impacting serving cell

	Note: For Capability 2, the measured PRS symbols includes serving cell PRS symbols, and serving cell symbols mapped with non-serving cell PRS. Denote L as the serving cell symbol index which is closest to the non-serving cell PRS plus expected RSTD, and N as the number of symbols for the PRS resource.
-	If the expected RTD for the non-serving cell PRS is <= CP, serving cell symbols mapped with non-serving cell PRS includes symbol L to symbol L+N-1
-	If the expected RTD for the non-serving cell PRS is  > CP, serving cell symbols mapped with non-serving cell PRS includes symbol L-1 to symbol L+N


Proposal 9: Requirements for MG-less PRS measurement apply 
· when UE has activated PPW and only to PRS resources overlapped with PPW
· to the PRS resources for which the RTD is <= maximum RTD supported by the UE
· when PRS resource is not overlapped with DL signals/channels of higher priority
· no DL signals/channels of higher priority is configured or scheduled during PPW with DCI earlier than T before the start of the PPW on any serving cell, for Capability 1A
· no DL signals/channels of higher priority is configured or scheduled during PPW with DCI earlier than T before the start of the PPW on serving cells in the same band as PRS, for Capability 1B
· no DL signals/channels of higher priority is configured or scheduled on any measured PRS symbol of the PRS resource with DCI earlier than T before the first measured symbol of the PRS resource on impacting serving cells, for Capability 2
Proposal 10a: Use sum-approach to define MG-less measurement requirements for multiple PFLs. 
Proposal 10b: If MG reconfiguration/activation or PPW re-activation occurs during the measurement, the measurement period can be longer.
Proposal 11: For MG-less PRS measurement, 
· Tavailable is defined based on the LCM of Tprs,i and measurement window periodicity.
· Lavailable is defined same as in Rel-16 except that only the PRS resources unmuted and fully or partially overlapped with PPW are considered.
· Teffect is defined same as in Rel-16.
Proposal 12: Both 4-sample and reduced sample are applicable for MG-less measurements.
Proposal 13: PRS measurement is prioritized when PPW is overlapping with RRM measurement resources. When PPW and RRM measurement resources are fully overlapping, a sharing ratio e.g. 50%:50% is defined.
Proposal 14: Reply to RAN1 that a new UE capability on lower Rx beam sweeping factor (<8) can be supported in RAN4 in Rel-17.
Proposal 15: Define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe.
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Annex A: draft LS on condition of PRS measurement outside the MG
	3GPP TSG-RAN WG4 Meeting #101-bis-e	R4-220xxxx
Electronic Meeting, 17 – 25 January, 2022	

Title:	Reply LS on the condition of PRS measurement outside the MG
Response to:	R1-2112883
Release:	Release 17
Work Item:	NR_pos_enh

Source:	RAN4
To:	RAN1
Cc:	

Contact Person:	
0. Name:	Li Zhang
E-mail Address: 	zhangli164@huawei.com

Attachments: -


1. Overall Description:
RAN4 thanks RAN1 for the information LS R1-2112883. RAN4 discussed the conditions for PRS measurement outside the MG, and reached the following agreements.

On the definition of expected Rx time difference: 
	Expected Rx time difference is defined as max(X1, X2), where 
· X1 = X1’, if X1’ < 0.5 slot; X1 = 1-X1’, otherwise 
· where X1’= mod(expected RSTD + expected RSTD uncertainty, slot length)
· X2 = X2’, if X2’ < 0.5 slot; X2 = 1-X2’, otherwise 
· where X2’= mod(expected RSTD - expected RSTD uncertainty, slot length)



On the threshold for the expected Rx time difference: 
	Introduce UE capability for the maximum Rx timing difference in MG-less PRS measurement, with at least two values {CP length, 0.5 slot}.



On the requirement on whether UE needs to calculate the expected Rx time difference and/or compare it against the threshold:
	It is up to UE implementation whether to calculate the expected Rx time difference and/or compare it against the threshold.



2. Actions:
To RAN1:
RAN4 respectfully asks RAN1 to take the above information into account in the future work. 


3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #102-e		Feb. 21 – Mar. 3, 2022		Electronic Meeting


Annex B: draft LS on lower Rx beam sweeping factor for latency improvement
	3GPP TSG-RAN WG4 Meeting #101-bis-e	R4-220xxxx
Electronic Meeting, 17 – 25 January, 2022	

Title:	Reply LS on lower Rx beam sweeping factor for latency improvement
Response to:	R1-2112767
Release:	Release 17
Work Item:	NR_pos_enh

Source:	RAN4
To:	RAN1
Cc:	

Contact Person:	
0. Name:	Li Zhang
E-mail Address: 	zhangli164@huawei.com

Attachments: -


1. Overall Description:
RAN4 thanks RAN1 for the information LS R1-2112767. 

RAN4 would like to confirm to RAN1 that it is feasible to support a new UE capability on lower Rx beam sweeping factor (<8) in RAN4 in Rel-17.

2. Actions:
To RAN1:
RAN4 respectfully asks RAN1 to take the above information into account in the future work. 


3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #102-e		Feb. 21 – Mar. 3, 2022		Electronic Meeting
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