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1. Introduction
In RAN4#101e meeting, the issues on the PRS measurement in RRC_INACTIVE state were discussed and the following agreements were made and captured in the approved WF [1] as below. 
	Issue 2-1-2 SRS type for measurement requirements in RRC_INACTIVE state
Agreements:
· SRS type is out of RAN4 scope, wait for RAN1/2 progress. 
Issue 2-1-4 The impact on positioning measurements and other RRM requirements in RRC_INACTIVE state. 
Agreements:
· Follow RAN1 agreements on the priority of PRS and other signals in RRC_INACTIVE state. The impact on PRS measurement can be discussed in issue 2-2-3.
Issue 2-2-3 The requirements applicability in RRC_INACTIVE state regarding paging
Agreements:
· Based on RAN1 agreement which is captured in LS R4-2119417, the reception of other DL signals/channels (SSB, SIB1, CORESET0, MSG2/MSGB, paging, DL SDT) is prioritized if collided with PRS resources in RRC_INACTIVE state. 
· In case of collision between PRS resources and other DL signals/channels, longer PRS measurement period is expected. 
Issue 2-3-1 The UE measurement capability
Agreements:
· RAN4 wait for RAN1 progress regarding UE measurement capability issues for RRC_INACTIVE state. 
Issue 2-3-2 The UE capability for supporting positioning measurement in RRC_INACTIVE state
Agreements:
· The UE capability indicating the support of positioning measurement in RRC_INACTIVE state is RAN1/2 scope.
Issue 2-4-1 Number of samples used for measurement requirements in RRC_INACTIVE state
Agreements: 
· At least support 4 PRS samples in RRC_INACTIVE state. 
· FFS: Whether to support the reduced number of samples in RRC_INACTIVE state.
· FFS: Whether to define two sets of PRS measurement period in RRC_INACTIVE state. 
Issue 2-4-4 DRX cycle consideration for measurement requirements in RRC_INACTIVE state
Agreement: 
· DRX cycle should be considered in the positioning measurement delay requirements in RRC_INACTIVE state. 
Issue 2-4-9 RSTD measurement period requirements in RRC_INACTIVE state
Agreements: 
· Postpone until each factor in the formula is discussed and settled
Issue 2-5-2 Performance requirements for positioning measurement in RRC_INACTIVE state
Agreements: 
· Performance requirements for INACTIVE state PRS measurements are discussed after core part is completed.


There are still some open issues left and captured in [1]. In this paper, we further discuss the possible RRM core requirements for positioning measurement in RRC_INACTIVE state and give our proposals. 
2. Discussion
2.1 The type of measurement requirements
	Issue 2-1-1 The type of measurement requirements to be defined in RRC_INACTIVE state. 
· Option 1: (Qualcomm, vivo, Huawei, Nokia, Intel)
· UE requirements for UE Rx-Tx time difference measurements in RRC-INACTIVE state should be specified by RAN4. 
· Option 1a: (vivo, Huawei, Qualcomm)
· Use the framework or formula of Rel-16 UE Rx-Tx time difference measurement period as a baseline to derive the inactive state UE Rx-Tx time difference measurement period. 
· Option 2: (vivo)
· RRM requirements for gNB Rx-Tx time difference measurements in RRC-INACTIVE state are specified. 
· Option 3: (Ericsson, CATT, Intel, OPPO)
· RAN4 to wait for further agreements in RAN1 and RAN2 (if any) regarding Rx-Tx time difference measurement applicability in RRC inactive state. 


In last meeting, whether to define UE/gNB Rx-Tx time difference measurement requirements was discussed in RAN4. Although RAN1 has defined the support for SRS transmission in RRC_INACTIVE state which can support the UE Rx-Tx time difference measurement, it still needs RAN1 confirmation. So we think we need wait for RAN1 agreements. If it is confirmed, the framework of R16 UE Rx-Tx time difference measurement period can be the baseline and the principle of RSTD/PRS-RSRP measurement requirements in RRC_INACTIVE state which are discussing in section 2.3 can be reused. 
For gNB Rx-Tx time difference measurement, only performance requirements are defined in R16. So even if the gNB Rx-Tx time difference measurement is confirmed to be defined, no measurement period requirements in RRC_INACTIVE state are needed. 
Proposal 1: RAN4 to wait for further agreements in RAN1 and RAN2 (if any) regarding UE/gNB Rx-Tx time difference measurement applicability in RRC_INACTIVE state. 
Proposal 2: If UE Rx-Tx time difference measurement is applied in RRC_INACTIVE state, the framework of R16 UE Rx-Tx time difference measurement period can be the baseline. 
2.2 The requirements applicability
In last meeting, the PRS measurement requirements applicability regarding SDT, state transition and PRS periodicity was discussed. The candidate options were captured in [1] as below. 
	Issue 2-2-1 The requirements applicability in RRC_INACTIVE state regarding SDT. 
· Option 1: (Qualcomm)
· Support of SDT is a necessary condition for supporting positioning measurements in RRC_INACTIVE. 
· Option 1a: (vivo)
· SDT is not a necessary condition for DL PRS only measurement. But for UL and DL+UL positioning, SDT is a necessary condition.
· Option 1b: (Huawei, Intel, CATT, OPPO, Ericsson)
· Support of SDT is not a necessary condition for supporting positioning measurements in RRC_INACTIVE. 
· Option 2: (Nokia)
· Discuss and specify SDT-based signalling for NR positioning and respective RRM requirements within the SDT WI
· Option 2a: (Ericsson, CATT, Huawei, Intel, Nokia)
· RAN4 can independently work on SDT and positioning measurements in RRC_INACTIVE.
· Option 3: (Intel, OPPO, Huawei)
· FFS, wait for RAN2 progress. 
Issue 2-2-2 The requirements applicability in RRC_INACTIVE state regarding state transition. 
· Option 1: (Qualcomm, Nokia, Intel, OPPO, Huawei)
· No need to specify requirements for state transition to RRC_CONNECTED for the purpose of reporting positioning measurements performed in RRC_INACTIVE. 
· Option 2: (vivo, Intel, OPPO, Huawei)
· It needs progress in other WG(s) whether to define periodic inactive state positioning measurements and reporting of positioning measurement which involves state transition to connected state from inactive state. 
· Option 3: (Huawei, Ericsson, Nokia, CATT)
· RAN4 to discuss the following options for PRS measurement when RRC state transition occurs during the measurement period:
· Option 1: UE continues the PRS measurement 
· Option 2: UE restarts the PRS measurement 
· Other options not precluded. 
· Option 4: (Ericsson)
· Scenario#1: UE configured with and performing PRS measurement in RRC_INACTIVE state shall restart the PRS measurements after transition to RRC_CONNECTED state if the UE needs measurement gaps for the PRS measurement in the RRC_CONNECTED state. 
· Scenario#2: UE configured with and performing PRS measurement in RRC_INACTIVE state shall continue the PRS measurements after transition to RRC_CONNECTED state if the UE does not need measurement gaps for the PRS measurement in the RRC_CONNECTED state. 
· Scenario#3: UE configured with and performing PRS measurement in RRC_CONNECTED state shall continue the PRS measurements after transition to RRC_INACTIVE state. 
· In scenario#1, #2 and #3, the PRS measurement period shall be the longest of the PRS measurement periods in RRC_INACTIVE and RRC_CONNECTED states. 
Issue 2-2-4 The requirements applicability in RRC_INACTIVE state regarding PRS periodicity. 
· Option 1: (Ericsson)
· To save UE power consumption define RSTD and PRS-RSRP measurement requirements in RRC_INACTIVE state for TPRS ≥ 160 ms. 
· Option 2: (Nokia, Huawei)
· No need to restrict TPRS in the spec because of requirements
· Option 3: (Intel, CATT, Qualcomm, OPPO)
· FFS


Regarding the SDT, based on RAN2 agreement, the SRS transmission in RRC_INACTIVE state rely on the SDT, so it is needed for UL or DL+UL positioning. But we have no conclusions on whether to define UE Rx-Tx time difference or uplink measurements so far. At least for RSTD and PRS-RSRP measurement in RRC_INACTIVE state, the support of SDT is not the necessary condition. And from requirements perspective, we just need to know the configured parameter of PRS and SRS which is independent with SDT. So whether the SDT is necessary condition for positioning measurement is not within RAN4 scope and the positioning measurement requirements should be discussed independently with SDT requirements. 
Proposal 3: Support of SDT is not a necessary condition for supporting positioning measurements in RRC_INACTIVE state. 
Proposal 4: RAN4 can independently work on positioning measurements in RRC_INACTIVE state and SDT requirements. 
Regarding the state transition, since it is possible when the state transition occurs during the measurement period, we are fine to study the possible requirements. The UE behaviour in RRC_INACTIVE state and RRC_CONNECTED state is a little different and the measurement can be performed with gap or without gap when UE transition to RRC_CONNECTED state. But the PRS measurement without gap is still under discussion, so we would like suggest to deprioritize the requirements when state transition and focus on the requirements in certain state first. 
Proposal 5: RAN4 deprioritize the discussion for PRS measurement requirements when RRC state transition occurs during the measurement period. 
Regarding the PRS periodicity limitation, we think UE power saving is not in the scope of positioning measurement and it is not necessary to restrict the PRS periodicity in RRC_INACTIVE from requirements perspective. 
Proposal 6: No need to restrict TPRS in the spec because of requirements. 
2.3 Measurement requirements in RRC_INACTIVE state
In last meeting, the PRS measurement requirements in RRC_INACTIVE state were discussed and the candidate options for each factor were captured in the WF [1]. In this part, we give our views on each factor. 
Regarding the number of samples for PRS measurement, it was agreed that at least 4 samples were supported in RRC_INACTIVE. The reduced number of samples is still under discussion in latency reduction feature and we think it can be applied in RRC_INACTIVE state if specified. From the requirements perspective, we think there is no difference between using 4 samples and the reduced number of samples. So there is no need to define two set of measurement period requirements. 
Proposal 7: Support the reduced number of samples for PRS measurement in RRC_INACTIVE state. 
Proposal 8: No need to define two set of PRS measurement period requirements in RRC_INACTIVE state. 
Regarding the requirements of multiple positioning frequency layers, if the processing assumption in DRX cycle is similar as that in MG occasion i.e. only one PFL can be measured in one DRX cycle, then the summation-based approach can be used for the total measurement delay. 
Proposal 9: Based on the assumption that only one PFL can be measured per DRX cycle, summation based approach can be used for multiple positioning frequency layers for the PRS measurement requirements in RRC_INACTIVE state. 
Regarding the UE processing capability, we think whether to define new UE processing capability is within RAN1 scope. And before that, the capabilities defined in connected state can also be applied in RRC_INACTIVE state. 
Proposal 10: Whether to define new UE processing capability in RRC_INACTIVE state is within RAN1 scope. 
Regarding the DRX cycle, we think it should be considered in the available PRS periodicity i.e. Tavailable_PRS, and the MGRP in current R16 requirements can be replaced by DRX cycle, i,e. Tavailable_PRS is the least common multiple between TPRS and DRX cycle. 
For TPRS and Teffect, the same approach as R16 can be used since the PRS configuration and UE processing capability in RRC_INACTIVE state is no difference with that in RRC_CONNECTED state. 
Besides, if DRX cycle is used in measurement period requirements, similar as MGRP, it is configured by gNB and no need to be informed to LMF. 
For the PRS processing window, it is introduced for the PRS measurement without gap in RRC_CONNECTED state and it is not clear whether it can be applied in RRC_INACTIVE state. If it is also applied in RRC_INACTIVE state, then TPRS discussed above should be the periodicity of PRS processing window. Since whether to introduce PRS processing window to RRC_INACTIVE state is within RAN1 scope, we can send LS to RAN1 to ask for the clarification. The draft LS is provided in Annex. 
Proposal 11: DRX cycle should be considered in the available PRS periodicity for the PRS measurement in RRC_INACTIVE state i,e. Tavailable_PRS is the least common multiple between TPRS and DRX cycle. 
Proposal 12: For the definition of TPRS and Teffect in the PRS measurement in RRC_INACTIVE state, the same approach as R16 can be used. 
Proposal 13: It is not necessary to inform the DRX cycle to LMF even if it is considered in the PRS measurement requirements in RRC_INACTIVE state. 
Proposal 14: Send LS to RAN1 to ask for the clarification whether the PRS processing window is applied for the PRS measurement in RRC_INACTIVE state. 
Regarding the Kcarrier for measurement requirements in RRC_INACTIVE, since the reception of other DL signals including SSB in RRC_INACTIVE is prioritized than PRS resources, we think Kcarrier for RRM measurement is not impacted. So what we need to consider is the carrier specific scaling factor for PRS measurement in RRC_INACTIVE i.e. Kcarrier_PRS. And similar as the CSSF definition in PRS measurement within gap, no other PFL is considered in the definition of scaling factor. So the Kcarrier_PRS is the number of carriers for RRM measurements plus one. 
Also since the reception of other DL signals including SSB in RRC_INACTIVE is prioritized than PRS resources, the Kcarrier_PRS is agnostic to PRS periodicity and the requirements for long periodicity PRS is not necessary. 
Proposal 15: Kcarrier_PRS is the combined number of NR inter-frequency carriers indicated by the serving cell and the number of NR inter-frequency carriers configured for idle mode CA measurements plus one positioning frequency layer. 
Proposal 16: Prioritizing measurements for long-periodicity PRS resources in RRC INACTIVE state is not necessary. 
2.4 Performance requirements for PRS measurement in RRC_INACTIVE
In last meeting, the side condition of PRS measurement in RRC_INACTIVE state was discussed and most companies supported that it is related to the number of samples. For the PRS measurement in RRC_INACTIVE state using 4 samples, the side condition defined in R16 can be reused. For the measurement which is based on the reduced number of samples, the side condition is still under discussion in latency reduction for RRC_CONNECTED state. And if decided, we think it can also be applied for RRC_INACTIVE state. 
Proposal 17: The side conditions in terms of PRS Ês/Iot defined in RRC_CONNECTED state can be applied for PRS measurements in RRC_INACTIVE state under the condition that the same number of samples is used. 
3. Conclusion
This document discusses the positioning measurement requirements in RRC_INACTIVE state, and the following observations and proposals are given: 
Proposal 1: RAN4 to wait for further agreements in RAN1 and RAN2 (if any) regarding UE/gNB Rx-Tx time difference measurement applicability in RRC_INACTIVE state. 
Proposal 2: If UE Rx-Tx time difference measurement is applied in RRC_INACTIVE state, the framework of R16 UE Rx-Tx time difference measurement period can be the baseline. 
Proposal 3: Support of SDT is not a necessary condition for supporting positioning measurements in RRC_INACTIVE state. 
Proposal 4: RAN4 can independently work on positioning measurements in RRC_INACTIVE state and SDT requirements. 
Proposal 5: RAN4 deprioritize the discussion for PRS measurement requirements when RRC state transition occurs during the measurement period. 
Proposal 6: No need to restrict TPRS in the spec because of requirements. 
Proposal 7: Support the reduced number of samples for PRS measurement in RRC_INACTIVE state. 
Proposal 8: No need to define two set of PRS measurement period requirements in RRC_INACTIVE state. 
Proposal 9: Based on the assumption that only one PFL can be measured per DRX cycle, summation based approach can be used for multiple positioning frequency layers for the PRS measurement requirements in RRC_INACTIVE state. 
Proposal 10: Whether to define new UE processing capability in RRC_INACTIVE state is within RAN1 scope. 
Proposal 11: DRX cycle should be considered in the available PRS periodicity for the PRS measurement in RRC_INACTIVE state i,e. Tavailable_PRS is the least common multiple between TPRS and DRX cycle. 
Proposal 12: For the definition of TPRS and Teffect in the PRS measurement in RRC_INACTIVE state, the same approach as R16 can be used. 
Proposal 13: It is not necessary to inform the DRX cycle to LMF even if it is considered in the PRS measurement requirements in RRC_INACTIVE state. 
Proposal 14: Send LS to RAN1 to ask for the clarification whether the PRS processing window is applied for the PRS measurement in RRC_INACTIVE state. 
Proposal 15: Kcarrier_PRS is the combined number of NR inter-frequency carriers indicated by the serving cell and the number of NR inter-frequency carriers configured for idle mode CA measurements plus one positioning frequency layer. 
Proposal 16: Prioritizing measurements for long-periodicity PRS resources in RRC INACTIVE state is not necessary. 
Proposal 17: The side conditions in terms of PRS Ês/Iot defined in RRC_CONNECTED state can be applied for PRS measurements in RRC_INACTIVE state under the condition that the same number of samples is used. 
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1	Overall description
RAN4 is working on the PRS measurement requirements in RRC_INACTIVE state and found that it is not clear whether the PRS processing window can be applied in RRC_INACTIVE state which may have impact on the requirements. So RAN4 would like to ask RAN1 for the clarification on the following questions: 

Q1: Whether the PRS processing window defined in the PRS measurement without MG can be applied for the PRS measurement in RRC_INACTIVE state? 

Q2: If it is applied, are there any conditions on the PRS processing window configuration in RRC_INACTIVE state? 

RAN4 kindly asks RAN1 to provide feedback on the questions above. 

2	Actions
To RAN WG1: 
ACTION: RAN4 kindly asks RAN1 to provide feedback on the questions above. 


3	Dates of next TSG RAN WG4 meetings
TSG RAN WG4 Meeting #102-e           Feb. 21 – Mar. 3, 2022	Electronic Meeting
TSG RAN WG4 Meeting #103-e	May 16 – May 27, 2022	Electronic Meeting
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