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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN4 meeting a WF on RRM requirements for positioning enhancement was approved [1]. In the approved WF the positioning measurement requirements in RRC inactive state were initially analyzed. There were few high-level agreements as shown below [1]:
· At least UE RRM requirements for DL RSTD and DL PRS-RSRP measurements in RRC-INACTIVE state are specified.
· RAN4 shall define inactive state positioning measurements for FR1 and FR2.
· MG is not to be considered in the measurement period requirements in RRC_INACTIVE state.
· Use the framework or formula of Rel-16 PRS_RSRP measurement period as a baseline to derive the inactive state PRS-RSRP measurement period.
· FFS: RAN4 to take connected mode measurement performance requirements for DL RSTD and PRS-RSRP as baseline for inactive state measurement performance requirements.
· RAN4 wait for the outcomes of other WGs and define the reporting requirements based on the conclusions.
· RAN4 to discuss impact of positioning measurements on RRC INACTIVE state functions.
In this paper the above open issues identified in the WF are further analyzed. 
2. Type of measurements in RRC inactive state
RAN4 has agreed that the requirements for at least DL RSTD and DL PRS-RSRP measurements in RRC-INACTIVE state will be specified. 
In their LS, RAN1 has agreed that semi-persistent SRS for positioning by RRC_INACTIVE UEs is also feasible [2]:
	Agreement:
· Send LS to RAN2 with the outcome of RAN1 discussion on types of SRS for positioning to be supported by UEs in RRC_INACTIVE state
· [bookmark: _Hlk85633518]From RAN1 perspective, support of semi-persistent SRS for positioning by RRC_INACTIVE UEs is feasible
· It is up to RAN2 to confirm support of semi-persistent SRS for positioning by RRC_INACTIVE UEs and determine necessary signalling details


The SRS is used for UE Rx-Tx time difference. However, until now there is no formal agreement in RAN1 regarding UE Rx-Tx time difference measurements in RRC-INACTIVE state. Therefore, RAN4 should wait for further RAN1 and RAN2 agreements regarding the use of UE Rx-Tx time difference in RRC inactive state.
3. Measurement requirements in RRC inactive state
It was agreed that measurement gaps will not be considered for DL RSTD and PRS-RSRP measurements in RRC_INACTIVE state. 
Since the gaps are used therefore, the PRS availability should be based on the PRS resource periodicity. 
The latency reduction for PRS measurements is part of Rel-17 positioning enhancement. Positioning measurement requirements in RRC_INACTIVE state are also being specified in Rel-17. Therefore, we propose not to include latency reduction in to consider in the measurement requirements in RRC_INACTIVE. Therefore, the number of samples (Nsample) is the same as in Rel-16 i.e. 4 samples. 
Furthermore, frequent PRS measurements in RRC inactive state will significantly drain the UE battery power. Therefore, in RRC inactive state the UE we suggest to define PRS measurements for relatively longer PRS resource periodicity e.g. 160 ms or longer. 
Scaling the measurement period with DRX cycle especially for longer DRX will lead to very long measurement period rendering the PRS measurements less useful for positioning. Instead, the measurement period can be scaled with the number of carriers configured for all the measurements in RRC inactive state. 
The side conditions in terms of PRS Ês/Iot under which the PRS measurements are applicable should be the same as in RRC connected state. 
Based on the above arguments the measurement period of RSTD and PRS-RSRP in RRC inactive state can be expressed as follows:
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Where:
·  is the total number of the configured positioning frequency layers, NR inter-frequency carriers for mobility measurements, inter-RAT carriers for mobility measurements, NR inter-frequency carriers for CA measurements and inter-RAT carriers for CA measurements.
·  is the time duration of available PRS resources in the positioning frequency layer i, to be measured during 
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· Other parameters are the same as in the existing requirements for RSTD and PRS-RSRP.
4. PRS measurement requirements under relaxed measurement criteria
The UE can also be configured with one or more relaxed measurements on mobility related carriers in RRC_INACTIVE state. It is possible that the mobility related carrier is also a positioning frequency layer i.e. with same NR ARFCN. Even if the UE meets relaxed measurement criterion for a mobility carrier which is also a PFL, the UE should not be allowed to relax any PRS measurements on that PFL carrier. 
5. Applicability of measurement requirements under PRS collisions
RAN1 has made the following agreements regarding the collision/priority handling of the PRS with respect to other signals in RRC_INACTIVE state [3]:
	Agreement:
· From RAN1 perspective, in RRC_INACTIVE state, reception of DL PRS has lower priority than other DL signals/channels (SSB, SIB1, CORESET0, MSG2/MSGB, paging, DL SDT)
· FFS how to determine conflicts in DL PRS and other DL signals/channels reception by UE
· FFS how to handle retuning time for the case when DL PRS and other DL signals/channels are allocated in different BW and/or have the same or different SCS as initial DL BWP
· Send LS to RAN4 (cc RAN2) and ask if there is any feedback


The above agreements would imply that the UE may have to drop the PRS if the PRS symbol carriers any of these signals/channels: SSB, SIB1, CORESET0, MSG2/MSGB, paging, DL SDT.
RAN4 can address the PRS dropping due to the above priority rule using the following existing requirement rule in RRC connected state:
· The RSTD and PRS-RSRP measurement requirements in RRC_INACTIVE state shall apply, provided that no PRS symbols are dropped during their respective measurement periods due to the collisions with other signals; otherwise, a longer measurement period may be used.
6. Measurement requirements under RRC state transition
A Rel-17 UE supporting PRS measurements (assuming supporting in both RRC_INACTIVE and RRC_CONNECTED states) configured with PRS measurements may change its RRRC state any time. The LMF is not aware of the UE RRC state any time. There are following two scenarios:
· RRC state transition scenario #1: The UE configured with and while performing PRS measurements in RRC_INACTIVE state may change its RRC state from RRC_INACTIVE state to RRC_CONNECTED state.
· RRC state transition scenario #2: The UE configured with and while performing PRS measurements in RRC_CONNECTED state may change its RRC state from RRC_CONNECTED state to RRC_INACTIVE state.
In the RRC state transition scenario #1, the UE needs measurement gaps for performing the PRS measurements in RRC_CONNECTED state. RAN4 is also expected to develop PRS measurements requirements without gaps in Rel-17. In our view at least the case when gaps are needed should be considered when the UE changes the RRC states. In this case, since UE will request the gaps causing additional delay, so it is better that the UE discards the old samples in RRC_INACTIVE and retstarts the positioning measurements after the RRC state transition to RRC_CONNECTED. For gapless measurement case RAN4 can further discuss the UE behavior when the work on the gapless measurements has progress. But in our view if gaps are not needed then the UE can continue the positioning measurements after the RRC state transition to RRC_CONNECTED state.
In the RRC state transition scenario #2, the UE does not need any measurement gap for performing the PRS measurements after entering in RRC_INACTIVE state. In this case, the UE should be able to continue the positioning measurements after the RRC state transition to RRC_INACTIVE. We do not see any reason to restart the measurement in RRC_INACTIVE state. 
In both scenarios, the PRS measurement period can be the longest of the PRS measurement periods in RRC_INACTIVE and RRC_CONNECTED states. 
7. Summary
The following are the observations and proposals based on the analysis provided in this paper:
Type of positioning measurements in RRC_INACTIVE:
· Observation #1: Semi-persistent SRS for positioning by RRC_INACTIVE UEs is feasible; but no formal agreement in RAN1 yet regarding the use of Rx-Tx time difference measurement in RRC inactive state.
· Proposal #1: RAN4 to wait for further agreements in RAN1 and RAN2 (if any) regarding Rx-Tx time difference measurement applicability in RRC inactive state.
Measurement requirements in RRC_INACTIVE:
· Observation #2: Too frequent PRS measurements in RRC inactive state will significantly drain the UE battery power.
· Observation #3: Scaling the measurement period with DRX cycle especially for longer DRX will lead to very long measurement period rendering the PRS measurements less useful for positioning.
· Proposal #2: Do not consider latency reduction in RRC_INACTIVE state in Rel-17.
· Proposal #3: To save UE power consumption define RSTD and PRS-RSRP measurement requirements in RRC_INACTIVE state for TPRS ≥ 160 ms.
· Proposal #4: To save UE power consumption, the measurement period of RSTD and PRS-RSRP measurements scale with the total number of configured carriers (Kcarriers) for positioning measurements, mobility measurements and CA measurements.
· Proposal #5: Existing side conditions in terms of PRS Ês/Iot under which the PRS measurements are applicable are reused i.e. following applies for PRS measurements in RRC_INACTIVE state:
· For RSTD: PRS Ês/Iot ≥ -6 dB for reference cell and PRS Ês/Iot ≥ -13 dB for neighbor cell
· For PRS-RSRP: PRS Ês/Iot ≥ -3 dB and PRS Ês/Iot ≥ -13 dB
· Proposal #6: RSTD measurement period in RRC_INACTIVE state is expressed as follows:
·  ,
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·  is the total number of the configured positioning frequency layers, NR inter-frequency carriers for mobility measurements, inter-RAT carriers for mobility measurements, NR inter-frequency carriers for CA measurements and inter-RAT carriers for CA measurements.
·  is the time duration of available PRS resources in the positioning frequency layer i, to be measured during 
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· 
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· Other parameters are the same as in the existing RSTD and PRS-RSRP requirements in RRC connected state.
PRS measurement requirements under relaxed measurement criteria:
· Observation #4: Mobility related carrier configured with one or more relaxed measurement criteria, may also be configured as a positioning frequency layer (PFL) in RRC_INACTIVE state i.e. with same NR ARFCN.
· Proposal #7: The UE is not be allowed to relax any PRS measurement on a PFL, which is also configured as a carrier frequency for mobility measurements and meet any relaxed measurement criterion.
Applicability of measurement requirements under PRS collisions:
· Observation #5: In RRC_INACTIVE state, reception of DL PRS has lower priority than other DL signals/channels (SSB, SIB1, CORESET0, MSG2/MSGB, paging, DL SDT.
· Proposal #8: To address the PRS dropping due to the priority between PRS and other signals/channels the following existing requirement rule also applies in RRC_INACTIVE state:
· The RSTD and PRS-RSRP measurement requirements in RRC_INACTIVE state shall apply, provided that no PRS symbols are dropped during their respective measurement periods due to the collisions with other signals; otherwise, a longer measurement period may be used.
Measurement requirements under RRC state transition:
· Observation #6: UE supporting PRS measurements (assuming supporting in both RRC_INACTIVE and RRC_CONNECTED states) configured with PRS measurements may change its RRRC state any time.
· Proposal #9: 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. 
· Proposal #10: 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. 
· Proposal #11: UE configured with and performing PRS measurement in RRC_CONNECTED state shall continue the PRS measurements after transition to RRC_INACTIVE state. 
· Proposal #12: In proposals #9, #10 and #12, the PRS measurement period shall be the longest of the PRS measurement periods in RRC_INACTIVE and RRC_CONNECTED states. 
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