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Introduction
The MG-less PRS measurement were discussed in RAN4#101-bis-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· Condition of MG-less measurement 
· Scheduling restriction
· Measurement requirements
In this paper we will provide our views on the above open issues for MG-less PRS measurement. 
Discussion
Condition of MG-less measurement 
	Agreements:
Sent following reply LS to RAN1 on related agreements:
· R4-2202679, LS reply on condition of PRS measurement outside the MG, Vivo
Open issues:
· 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 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. 
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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 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)
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 2: 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 3: It is up to UE implementation whether to calculate the expected Rx time difference and/or compare it against the threshold.
Scheduling restriction
	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
	12
	Scheduling restriction
	Scheduling restriction table 1 (R4-2201637)
	RLM, BFD and L1/L3 measurement higher priority over PRS
	

	





We support option 1 for defining the scheduling restriction. 
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 by the 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.
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Figure 1: Example of PDSCH scheduled on the PRS symbols with DCI close in time
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 4: 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
Open issues:
· Options for definition of parameters related 
	No.
	Parameters/issues
	Option 1
	Option 2
	Option 3
	Option 4

	5
	
	R16
	Unmuted and overlapped PRS within PRS processing window
	
	

	6
	 
	R16
	.
	
	

	7
	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


Requirement applicability
We support option 4 for Issue 10.
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 2.1, 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. The requirements would apply only when PRS is not overlapped with DL signals/channels of higher priority.
Based on discussion in section 2.2, the exact definition of PRS overlapping with DL signals/channels of higher priority can be:
· 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 5: 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
Multiple PFLs
We support option 1 for Issue 7, option 2 for Issue 9, and option 1 for Issue 14.
In our view, the assumption from Rel-16 that UE is not required to measure multiple PFLs at a time should be followed. The difference is that in Rel-16 one MG configuration can be used for measurement of multiple PFLs, but for MG-less measurement one PPW can be used for measurement of one PFL.
In particular, RAN1 has agreed that PPW is associated with a serving cell, and we understand it means the PPW will be activated when UE is measuring the PFL within that serving cell’s active BWP. We do not expect more than one PPW can be activated at the same time and more than one PFLs are confined within the active BWP of the same serving cell.
Of course, NW can pre-configure multiple PPWs each associated with one serving cell, and then multiple PFLs each within the active BWP of a serving cell can be measured. However, in this case, when UE finishes measurement one PFL, gNB needs to re-activate another PPW (possibly based on UE request) before UE can measure another PFL. Following Rel-16 principle, the measurement period can be longer when MG reconfiguration/activation or PPW re-activation occurs during measurement period. 
Proposal 6: MG-less PRS measurement requirements are defined based on 1 PFL. No need to consider multiple PFLs in the requirements.
Proposal 7: If MG reconfiguration/activation or PPW re-activation occurs during the measurement, the measurement period can be longer.
Teffect and Lavailable
We support option 2 for Issue 5, and option 1 for Issue 6.
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 8: For MG-less PRS measurement, 
· 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.
Sample number
We support option 2 for Issue 8.
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 9: Both 4-sample and reduced sample are applicable for MG-less measurements.
CSSF and PRS/SSB collision 
We support option 1 for Issue 11 and a new option 3 for Issue 13.
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. 
When SSB and PRS are overlapping in time, UE should measure either SSB or PRS. In last meeting we were proposing to prioritize PRS measurement. This is reasonable when PRS is of high priority than other DL signals/channels, but there is some “logic” conflict when PRS is of lower priority in the case where PRS, SSB and data are overlapping. Therefore, we suggest that for the case of PRS/SSB collision, UE prioritizes PRS measurement when PRS is of high priority, and UE prioritizes RRM measurement when PRS is of lower priority.
When PPW and RRM measurement resource e.g. SMTC are fully overlapping, it may be problematic to always prioritize one measurement over the other, so a sharing ratio e.g. 50%:50% can be defined.
Proposal 10a: When SSB and PRS are partially overlapping in time
· UE prioritizes PRS measurement when PRS is of high priority, and 
· UE prioritizes RRM measurement when PRS is of lower priority.
Proposal 10b: When SSB and PRS are fully overlapping in time, a sharing ratio e.g. 50%:50% is defined.
Conclusions
In this paper we provided our views on MG-less PRS measurement.
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)
Proposal 2: 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 3: It is up to UE implementation whether to calculate the expected Rx time difference and/or compare it against the threshold.
Proposal 4: 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 5: 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
Proposal 6: MG-less PRS measurement requirements are defined based on 1 PFL. No need to consider multiple PFLs in the requirements.
Proposal 7: If MG reconfiguration/activation or PPW re-activation occurs during the measurement, the measurement period can be longer.
Proposal 8: For MG-less PRS measurement, 
· 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 9: Both 4-sample and reduced sample are applicable for MG-less measurements.
Proposal 10a: When SSB and PRS are partially overlapping in time
· UE prioritizes PRS measurement when PRS is of high priority, and 
· UE prioritizes RRM measurement when PRS is of lower priority.
Proposal 10b: When SSB and PRS are fully overlapping in time, a sharing ratio e.g. 50%:50% is defined.
Reference
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Annex A: draft LS on condition of PRS measurement outside the MG
	3GPP TSG-RAN WG4 Meeting #102-e	R4-220xxxx
Electronic Meeting, 21 February – 3 March, 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 #103-e		May 16 – May 27, 2022			Electronic Meeting
RAN WG4 Meeting #104			August 22 – August 26, 2022		Toulouse, France
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