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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#101-e meeting, RRM impacts of UE measurements in INACTIVE state for NR positioning enhancements was discussed. Following agreements were reached and captured in [1].
We provided views on UE PRS measurements in INACTIVE state were provided in [2, 3, 4] in the previous meetings. In this contribution, we further provide our views on UE requirements for PRS measurement in RRC-INACTIVE state for R17 NR positioning enhancement.
2. Discussion
2.1 General aspects
	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 the RAN2#116-e meeting, the following agreements regarding UL positioning measurements were achieved.
	Agreement:
Proposal 6: SRS for positioning in RRC_INACTIVE state can be configured through the following ways: 
-	RRCRelease with SuspendConfig (13/13)
-	SDT DL RRC message, i.e. Msg B / Msg 4 of RA-SDT (9/13)
-	WA: pre-configure positioning SRS in RRC_CONNECTED (9/13)
FFS detailed signalling for these approaches.
Proposal 8: Support SP SRSp for positioning in RRC_INACTIVE state. (12/13)
Proposal 9: SP Positioning SRS Activation/Deactivation MAC CE is reused for triggering SRSp transmission in RRC_INACTIVE. (12/12) 
Proposal 10: AP SRSp is not supported for positioning in RRC_INACTIVE state. (11/13)


Therefore, in addition to DL PRS measurements in RRC_INACTIVE state, UL and DL+UL positioning measurements in RRC_INACTIVE state is also supported in Rel-17.  
Proposal 1: RRM requirements for UE Rx-Tx time difference measurements in RRC-INACTIVE state are specified.
Proposal 2: RRM requirements for gNB Rx-Tx time difference measurements in RRC-INACTIVE state are specified.
2.2 Requirements applicability 
	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. 



For state transition from inactive state to connected state or vice versa, RAN4 may further discuss whether measurements and reporting requirements would be defined. It may further depend on RAN2 conclusions on PRS measurement procedures of state transition. The baseline requirements under INACTIVE state should be prioritized.
In general, we think ongoing PRS measurement should be restarted as in connected states the measurement is performed within measurement gap, but it would be based on DRX in inactive state. There are different requirements for connected state measurements and inactive state measurements. If ongoing PRS measurement is restarted, it seems no requirements need to be specified for state transition. But UE behaviour can be clarified.
Proposal 3: Define baseline measurement requirements in INACTIVE state is prioritized. RAN4 could also consider to clarify UE behaviour for state transition if it is necessary.


	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


In INACTIVE state, the measurement period would be based on max (Tprs, DRX cycle). The DRX cycle in inactive state is larger than 160ms. Thus, it seems not necessary to further restrict Tprs for PRS based measurement.
Proposal 4: No need to restrict TPRS in the spec because of requirements.

2.3 Measurement period requirements 
	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. 
Candidate options for FFS part:
· Option 1: (CATT)
· RAN4 discuss whether to use one shot measurement for the requirements of RSTD and PRS-RSRP measurement in RRC_INACTIVE state. 
· Option 2: (vivo, Nokia)
· UE RRM requirements for positioning measurements in RRC-INACTIVE state, including RSTD, PRS-RSRP, UE RX-Tx time difference, are specified based on reduced number of samples if there is no limitation on sue cases.
· Option 3: (Ericsson, Nokia, Intel, Huawei)
· Do not consider latency reduction in RRC_INACTIVE state in Rel-17 (i.e. using 4 samples). 
· Option 4: (Huawei, Intel, Qualcomm, CMCC, vivo, Nokia)
· Define two sets of PRS measurement period for inactive state, based on both 4-sample and reduced number of samples respectively. 
· The requirements based on reduced number of samples apply provided that UE can support reduced number of samples for PRS measurement in inactive state. 



The reduced number of samples should be supported in RRC_INACTIVE state. The measurements in RRC_INACTIVE state would be based on DRX cycle, which may lead to very long measurement delay. To make the feature of RRC_INACTIVE state PRS measurement more useful, it is better to define two sets of PRS measurement period requirements.
Proposal 5: Requirements for reduced number of samples for RRC_INACTIVE state measurements should be defined.


For the requirements on total frequency layers, we think the summation approach as in Rel-16 should be reused. UE is supposed to do measurements on multiple layers in a sequential manner. As no gap is used in INNACTIVE state, no optimization on RRM measurements and PRS measurements is needed.
Proposal 6: UE RRM requirements for DL PRS-RSRP measurements and DL RSTD measurements in RRC-INACTIVE state are specified with summation-based approach for total frequency layers.
UE is expected to receive paging only once per DRX cycle during active time period.  RRM measurements in INACTIVE state can be performed at least once per DRX cycle depending on DRX cycle configuration. 
For DL PRS based measurement, it is agreed that DRX cycle should be considered in the positioning measurement delay requirements in RRC_INACTIVE state. it is also expected that the measurement is performed once per DRX cycle, at least for DRX cycle less than a threshold. The RRM measurement will not be impacted by PRS measurement according to RAN1 agreements that DL PRS measurements have lower priority. 
Proposal 7: Requirements for INACTIVE state PRS measurements are defined under assumption that PRS measurements are performed once per DRX cycle, at least for DRX cycle no larger than 1.28s.

	Issue 2-4-7 Kcarrier consideration for measurement requirements in RRC_INACTIVE state
· Option 1: 
· Replace CSSF with Kcarrier for inactive state measurement requirements, Kcarriers is the total number of configured carriers for positioning measurements, mobility measurements and CA measurements.
· Option 1a: 
· Replace CSSF with Kcarrier for inactive state measurement requirements, Kcarriers is the total number of configured carriers for mobility measurements and CA measurements plus one positioning frequency layer.
· Other options are not precluded. 


It depends on how the total number of PFL measurement requirements are defined. If it is based on summation-based approach, then Kcarrier should be as in option 1a that only one PFL is considered. Otherwise, Kcarrier should be as in option 1 that all PFLs are considered as part of Kcarrier. In our view, it seems summation-based approach could be used for INACTIVE state measurement. 
Proposal 8: Replace CSSF with Kcarrier for inactive state measurement requirements, Kcarriers is the total number of configured carriers for mobility measurements and CA measurements plus one positioning frequency layer.

3. Summary
[bookmark: _Hlk23953093]In this contribution we provide our views on UE requirements for PRS measurement in RRC-INACTIVE state. Based on analysis following observations and proposals are present.
Proposal 1: RRM requirements for UE Rx-Tx time difference measurements in RRC-INACTIVE state are specified.
Proposal 2: RRM requirements for gNB Rx-Tx time difference measurements in RRC-INACTIVE state are specified.
Proposal 3: Define baseline measurement requirements in INACTIVE state is prioritized. RAN4 could also consider to clarify UE behaviour for state transition if it is necessary.
Proposal 4: No need to restrict TPRS in the spec because of requirements.
Proposal 5: Requirements for reduced number of samples for RRC_INACTIVE state measurements should be defined.
Proposal 6: UE RRM requirements for DL PRS-RSRP measurements and DL RSTD measurements in RRC-INACTIVE state are specified with summation-based approach for total frequency layers.
Proposal 7: Requirements for INACTIVE state PRS measurements are defined under assumption that PRS measurements are performed once per DRX cycle, at least for DRX cycle no larger than 1.28s.
Proposal 8: Replace CSSF with Kcarrier for inactive state measurement requirements, Kcarriers is the total number of configured carriers for mobility measurements and CA measurements plus one positioning frequency layer.
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