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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]. The approved WF has identified several open issues related to the positioning measurement requirements in RRC inactive state. 
In this paper the open issues identified in the WF are further analyzed. 
1. General Issues
1.1 Type of measurement requirements
According to the approved RAN1 CR to TS 38.215 and TS 38.214, the following UE positioning measurement are applicable in RRC inactive state [2]:
· RSTD
· PRS-RSRP
· UE Rx-Tx time difference
· DL PRS reference signal received path power (DL PRS-RSRPP)
The measurement requirements for all the above 4 positioning measurements need to be specified in RRC inactive state.
DL PRS-RSRPP is new measurement. Therefore, requirements for DL PRS-RSRPP need to be specified also in RRC connected state as discussed in separate contribution [3]. 
1.2 PRS measurement requirements under relaxed measurements
The carrier frequency for mobility measurements and the PFL carrier are configured by their respective frequency channel numbers i.e. NR-ARFCNs. It is possible that the same carrier frequencies (i.e. same NR-ARFCN) are configured for mobility measurements and for positioning measurements by the gNB and LMF respectively. In fact, this is quite relevant and likely scenario since using dedicated carrier solely for positioning purpose is not very efficient. Therefore, if PFL is also configured for mobility measurements and meet any relaxed measurement criterion then the UE should not be allowed to relax any PRS measurements on that PFL carrier. 
1.3 Impact of Other Signals on PRS measurement in RRC inactive state
According to clause 5.1.6.5, TS 38.214 v17.0.0 [2], the following UE behaviour is defined in terms of prioritization between the reception of any DL signal and PRS:
· The UE in RRC_INACTIVE mode is expected to prioritize the reception of any other DL signal than the reception of DL PRS.
Based on the above rule, it is clear that the DL PRS will be dropped due to the collision with any DL signal. Therefore, as already agreed in the last/ RAN4 meeting that in this case longer PRS measurement period is expected. It is unrealistic to quantify the extended PRS measurement period because it depends on network configuration/scheduling of DL signals/channels. Therefore, it is sufficient to state in the requirements that longer PRS measurement period is expected due to the collision between DL signals/channels and PRS.
2. PRS measurement requirements 
2.1 Number of samples for PRS measurement requirements
Following was agreed regarding the number of samples for PRS measurement requirements in RRC inactive state [4]:
· 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. 
RAN4 has identified several issues related to PRS measurement requirements with reduced number of samples in RRC connected state [4]. Extensive simulation compaign is being carried out to identify suitable number of reduced samples and corresponding scenarios [5]. PRS measurement requirements in RRC inactive state are fundamentally derived from the PRS measurement requirements in RRC connected state. Therefore, any work on latency reduction in RRC inactive should start after agreements are made for PRS measurement requirements in RRC connected state
2.2 Side conditions for PRS measurement requirements
The side conditions (without latency reduction) in terms of PRS Ês/Iot under which the PRS measurements are applicable should be the same as in RRC connected state in Rel-16. For PRS-RSRPP, which is the new measurement, the PRS Ês/Iot in RRC inactive should be the same as for PRS-RSRP in RRC connected state. 
2.3 PRS measurement period requirements
In the last meeting only the following aspect related to the PRS measurement period requirements in RRC inactive state was agreed [1]:
· DRX cycle should be considered in the positioning measurement delay requirements in RRC_INACTIVE state. 
The measurement gaps are not applicable in RRC inactive state. But since it has been agreed to consider the DRX cycle, therefore Tavailable and Teffect should take into account the PRS periodicity and DRX cycle (TDRX). Tavailable should be the least common multiple between TPRS and DRX cycle. 
Furthermore,  should replace CSSF and it should include all the configured carriers including the PFL. Therefore, should be 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.
Based on the above arguments the measurement period of any of the PRS positioning measurements, RSTD, PRS-RSRP, UE Rx-Tx time difference and  PRS-RSRPP, performed on PFL i in RRC inactive state can be expressed as follows:
 ,
Where:
·  is the total number of 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.
· , the least common multiple between  and .
· Other parameters are the same as in the existing requirements for RSTD, PRS-RSRP and UE Rx-Tx time difference in Rel-16.
3. PRS measurement requirement applicability 
3.1 Relation between PRS measurement and SDT
According to the RAN2 agreements as captured in their RAN2#116e report, the following mechanisms can be used for configuring the UE with the positioning assistance data for NR positioning measurements in RRC inactive state: 
Agreement:
Proposal 4 (modified): For positioning in RRC_INACTIVE state, the positioning assistance data can be delivered to UE through the following ways:
-	positioning system information, i.e. posSIB;(12/13)
-	pre-configure assistance data when UE in RRC_CONNECTED state;(11/13)
-	send to UE in RRC_INACTIVE during ongoing SDT procedure. (9/13)

It can be seen from RAN2 agreement that the UE can be configured with the positioning assistance data even without involving any SDT procedure.
The NR positioning measurement results obtain in RRC inactive state, can be sent to LMF while remaining in RRC inactive only using SDT procedure. However, transmission of the NR positioning measurement results using SDT procedure is not mandatory. According to the MT-LR deferred positioning procedure as defined in TS 23.273 (Figure 6.3.1-1), the UE can receive the assistance data from the LMF in RRC connected state, performs positioning measurements in RRC inactive state and can again into connected state reporting the measurement at certain occasion. 
In summary the UE can send the NR positioning measurement results to LMF by going into RRC connected state. Therefore, the UE can bypass the use of SDT procedure for sending the results. 
3.2 PRS measurement requirements under RRC state transition
Several options related to PRS measurements under RRC state transition were discussed in the last meeting but there was no consensus. Firstly, the UE can be forced to move from RRC inactive state to RRC connected state while the UE is performing the PRS measurement. Therefore, the UE behaviour after the RRC state transition needs to be specified at least for transitioning from RRC inactive state to RRC connected state. 
According to the RAN2 procedures, the UE can transmit PRS measurement results to LMF for PRS measurements performed in RRC inactive state as well as in RRC connected state. Therefore, the applicability of the PRS measurement requirements under RRC state transition should also be discussed in RAN4.
There are at least 3 possible options for PRS measurement after the RRC state transition:
· Option 1: UE continues the PRS measurement 
· Option 2: UE restarts the PRS measurement
· Option 3: UE stops the PRS measurement
We analyze different options:
· On option 1: To continue the PRS measurement after the transitioning from RRC inactive state to RRC connected state, the UE needs measurement gaps, which involves some configuration delay. However, the PRS measurements without gaps are also supported in Rel-17. Therefore, if gaps are needed then it may not be suitable to continue the PRS measurement after the transition. But if the gaps are not needed then it may be feasible to continue the PRS measurement after the transition. However, in both cases new measurement period needs to be defined to allow the UE to combine the samples across the RRC states. 
· On option 2: In this option the UE will discard the PRS measurement samples obtained before the transition and will use only the samples obtained after the transition for the final positioning measurement results. The existing PRS measurement period requirement in the target RRC state (i.e. RRC connected state) will apply. Therefore, this option is relative straight forward. Therefore, at least this option should be supported.
· On option 3: The PRS measurement requirements already exist in RRC connected state. Therefore, we do not see any reason to stop the PRS measurement after transitioning from RRC inactive state to RRC connected state. Therefore, this option should be ruled out.
In summary while we are fine to explore option 1 but we can support option 2. However, we do not support option 3. 
3.3 PRS measurement requirements under cell change
In RRC connected state the applicability of the PRS measurement requirements under cell change (HO and PSCell/SCell change) is defined. 
In RRC inactive state the applicability of the PRS measurement requirements under cell reselection needs to be defined. The UE behaviour depends on the type of PRS measurements. The fundamental principles can be reused for PRS measurements in RRC inactive state if the cell reselection occurs during the PRS measurement period:
· The UE shall continue the RSTD measurement after the cell reselection
· The UE shall continue the PRS-RSRP measurement after the cell reselection
· The UE shall continue the PRS-RSRPP measurement after the cell reselection
· The UE shall restart the UE Rx-Tx measurement after the cell reselection
However, Kcarriers and DRX cycle may be different in the old and new serving cells. Therefore, the measurement period for RSTD, PRS-RSRP and PRS-RSRPP, should be based on the longest of the Kcarriers and DRX cycles used among the old and new serving cells. 
Furthermore, according to section 4.2.2.2 in TS 38.133, the UE initiates cell selection for the selected PLMN, if the the serving cell does not fulfil the cell selection criterion S and the UE does not find any new suitable cell after the searches:
If the UE has evaluated according to Table 4.2.2.2-1 in Nserv consecutive DRX cycles that the serving cell does not fulfil the cell selection criterion S, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell, regardless of the measurement rules currently limiting UE measurement activities.
If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for 10 s, the UE shall initiate cell selection procedures for the selected PLMN as defined in TS 38.304 [1].
The UE should stop performing the PRS measurements when the UE initiates cell selection for the selected PLMN. In this case the UE is not expected to meet the PRS measurement requirements. Whether the UE should resume the PRS measurements after the UE has performed the cell selection for the selected PLMN should be up to RAN2 to decide.
2. 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: According to RAN1 agreements the following PRS measurement are applicable in RRC inactive state: RSTD, PRS-RSRP, PRS-RSRPP and UE Rx-Tx time difference.
· Proposal #1: RAN4 to define PRS measurement requirements for RSTD, PRS-RSRP, PRS-RSRPP and UE Rx-Tx in RRC inactive state.
PRS measurement requirements under relaxed measurement criteria:
· Observation #2: 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 #2: 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 PRS measurement requirements under PRS collisions:
· Observation #3: In RRC_INACTIVE state, reception of DL PRS has lower priority compared to other DL signals/channels (SSB, SIB1, CORESET0, MSG2/MSGB, paging, DL SDT).
· Observation #4: It is unrealistic to quantify the extended PRS measurement period because it depends on network configuration/scheduling of DL signals/channels.
· Proposal #3: It is sufficient to specify that longer PRS measurement period is expected due to the collision between DL signals/channels and PRS without any quantification of the extended PRS measurement period.
PRS measurement requirements in RRC_INACTIVE:
· Observation #5: Several issues related to latency reduction in RRC connected state are being discussed and analyzed.
· Observation #6: PRS measurement requirements in RRC inactive state are fundamentally derived from the PRS measurement requirements in RRC connected state.
· Proposal #4: Do not discuss latency reduction in RRC_INACTIVE state until all necessary agreements are made for latency reduction in RRC connected state.
· Proposal #5: Existing Rel-16 side conditions in terms of PRS Ês/Iot under which the PRS measurements are applicable are reused for PRS measurements in RRC_INACTIVE state without latency reduction.
· Proposal #6: The PRS measurement period scales with the total number of configured carriers (Kcarriers) for positioning measurements, mobility measurements and CA measurements.
· Proposal #7: PRS measurement period in RRC_INACTIVE state is expressed as follows:
 ,
Where:
·  is the total number of 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.
· , the least common multiple between  and .
· Other parameters are the same as in the existing requirements for RSTD, PRS-RSRP and UE Rx-Tx time difference in Rel-16.
Relation between PRS measurement and SDT:
· Observation #7: UE can receive positioning assistance data from LMF using SDT procedure as well as non-SDT procedures.
· Observation #8: UE can transmit positioning measurement data while in RRC inactive state only using SDT procedure. But the UE can also move to RRC connected state for transmit positioning measurement data to the LMF.
· Observation #9: UE can also move to RRC connected state for transmit positioning measurement data to the LMF e.g. if no SDT resources are configured or if the UE does not support SDT.
· Proposal #8: UE can perform PRS measurements and meet the PRS measurement requirements in RRC inactive state regardless of whether SDT is supported by the UE or whether SDT is configured for UE supporting SDT. 
PRS measurement requirements under RRC state transition:
· Observation #10: UE configured with PRS measurements may change its RRC state any time.
· Observation #11: RAN2 procedures allow the UE to transmit PRS measurement results to LMF for PRS measurements performed in RRC inactive state as well as in RRC connected state.
· Observation #12: UE behavior related to PRS measurements under RRC state transition impacts the PRS measurement performance and requires RAN4 expertise.
· 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: RAN4 should analyze at least the following 3 possible options for UE behavior under RRC state transition from RRC inactive state to RRC connected state:
· Option 1: UE continues the PRS measurement 
· Option 2: UE restarts the PRS measurement
· Option 3: UE stops the PRS measurement
· Proposal #11: At least the option that the UE restarts the PRS measurement after the RRC state transition from RRC inactive state to RRC connected state is supported in Rel-17. 
PRS measurement requirements under cell change:
· Observation #13: UE performing PRS measurements in RRC inactive state may perform cell reselection.
· Observation #14: The number of carriers configured for measurement (Kcarruer) and DRX cycle may be different in the old serving cell before the cell reselection and in the new serving cell after the cell reselection.
· Observation #15: UE performing PRS measurements in RRC inactive state may initiate cell selection to the selected PLMN according to section 4.2.2.2 in TS 38.133.
· Proposal #12: The UE behaviour if the cell reselection occurs during the PRS measurement period is as follows:
· The UE shall continue the RSTD measurement after the cell reselection
· The UE shall continue the PRS-RSRP measurement after the cell reselection
· The UE shall continue the PRS-RSRPP measurement after the cell reselection
· The UE shall restart the UE Rx-Tx measurement after the cell reselection
· Proposal #13: The measurement period for RSTD, PRS-RSRP and PRS-RSRPP, should be based on the longest of the Kcarriers and DRX cycles used among the old serving cell before the cell reselection and the new serving cell after the cell reselection.
· Proposal #14: The UE upon initiating the cell selection for the selected PLMN, stops performing the PRS measurements and is not expected to meet the PRS measurement requirements.
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