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Introduction
RAN4 continued discussing support of NR positioning measurements in RRC_INACTIVE in RAN4#101-bis-e. Agreements and open issues were captured in a WF [1]. We will discuss the following topics in this contribution.
· Applicability of requirements in RRC_INACTIVE
· Measurement period requirement
Applicability of requirements in RRC_INACTIVE
In this section we address several open issues regarding applicability of PRS measurement requirements in RRC_INACTIVE state.
The PRS measurement requirements applicability in RRC_INACTIVE state regarding state transition. 
Candidate options:
· Option 1: (CATT, vivo, OPPO)
· RAN4 deprioritize the discussion for PRS measurement requirements when RRC state transition occurs during the measurement period and focus on the baseline requirements in RRC_INACTIVE state.
· Option 2: (Intel, Huawei, Ericsson, OPPO, Nokia)
· If there is status transition (e.g. RRC_INACTIVE RRC_CONNECT) during the measurement period, UE measurement requirements can be based on the behaviour below. 
· UE restarts the PRS measurement
· Option 3: (Qualcomm)
· If there is status transition (e.g. RRC_INACTIVE RRC_CONNECT) during the measurement period, 
· UE continue the PRS measurement
· The measurement period requirements will be extended
· FFS the behaviour for UE Rx-Tx when SRS configuration is affected by state transition. 


The first issue concerns the behavior of the UE when there is a state transition from RRC_INACTIVE to RRC_CONNECTED during the measurement period. For DL only positioning measurements, the UE should be able to continue performing measurements once it has transitioned to connected state. Measurements that were completed prior to the state transition would still be valid and may be reported by the UE. However, it may be the case that some measurements could be disrupted by the state transition. An extension (unspecified) of the measurement period should be allowed to give the UE extra time to redo any measurements that are disrupted.
In the case of multi-RTT, even though the situation may not be that different from the perspective of the UE measurements, we understand that gNB measurements would not be able to continue after the SRS configuration is released when the UE leaves RRC_INACTIVE. That is, until a new SRS configuration is provided in connected state. For that reason, we think it would be appropriate for the UE would report an error to the LMF so that measurements can be restarted in connected state.
Proposal 1: If there is state transition from RRC_INACTIVE to RRC_CONNECTED (or vice-versa) during the measurement period:
· For DL only positioning, the UE continues performing the measurements and the measurement period is extended.
· For multi-RTT, the UE stops performing measurements and reports an error. 
The next issue concerns PRS measurement requirements when there are conflicts with other UE functions/measurements in RRC_INACTIVE state. The following agreement was captured in the WF [1].
The requirements applicability in RRC_INACTIVE state regarding collision of other functions
Agreements: 
· Longer PRS measurement period is expected when there is collision/overlap between other DL signals/channels and PRS resources in RRC_INACTIVE state. 
· Collision/overlap between other DL signals/channels and PRS resources in RRC_INACTIVE state occurs when:
· Any other DL signals/channel occurs within the PRS resource or 
· Any other signals/channel occurs within X symbols before the PRS resource or
· Any other signals/channel occurs within X symbols after the PRS resource.
· X=FFS.

In the previous meeting, there were several proposals from various companies about which factors should be accounted by the guard time X in the FFS in the above agreement. The following factors were identified:
· the uncertainty in the arrival time of PRS (expectedRSTD- uncertainty) at the UE reference point.
· retuning time (at least for PRS outside of initial DL BWP)
· PRS measurement and processing time
We agree that all these factors should be considered in the guard times used to determine collisions. Because of the processing time, we understand that the guard times before and after a PRS resource will have different length. Furthermore, we understand that measurement requirements do not apply to a PRS resource instance that collides with other signals/channels that have higher priority according to RAN1. To illustrate our proposal, please see Figure 1.




[bookmark: _Ref95044898]Figure 1: Guard time intervals before and after a PRS resource to be measured in RRC_INACTIVE. 
Proposal 2: Measurement requirements do not apply to any PRS resource that collides/overlaps with other DL signals/channels that have higher priority in RRC_INACTIVE. Collision/overlap between a PRS resource and other DL signals/channels in RRC_INACTIVE state occurs when
· Any other signal/channel occurs within X1 ms before the expected start time of (the first repetition of) a PRS resource.
· X1 = RRT + expected RSTD-uncertainty of the PRS resource
· RRT = [0.5] ms for serving cell in FR1, [0.25] ms for serving cell in FR2.
· FFS if and under what conditions the retuning time RRT can be excluded from X1
· Any other signal/channel occurs within X2 ms after the expected start time of (the first repetition of) a PRS resource.
· X2 = X1 + T
· T is the duration of PRS processing of the UE PRS processing capability in RRC_INACTIVE  
The next two issues concern PRS measurement requirements and UE behavior when a cell change occurs during the measurement period.
[bookmark: _Ref85610495]For the first issue below, we understand that the situation is similar to the question about UE behavior with state transition. For UE Rx-Tx time difference measurements, we support option 2 in the FFS. We understand that the UE should report an error to the LMF so that measurements may be restarted by the LMF, if desired.
Proposal 3: The UE shall stop the UE Rx-Tx measurements after the cell reselection and reports an error.
Regarding measurement period requirements, our view is that it is not necessary to specify detailed requirements depending on the UE configuration before and after cell resection occurs. For minimum requirements, it is sufficient to extend the measurement period.
Proposal 4: When cell reselection occurs while the UE is performing PRS measurements for DL-only positioning (RSTD, PRS-RSRP, PRS-RSRPP), the measurement period is extended.
UE behavior for PRS measurement under cell change
Agreements: 
· 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
Candidate options:
FFS the UE behaviour if the cell reselection occurs during the UE Rx-Tx measurement period:
· Option 1: (Ericsson)
· The UE shall restart the UE Rx-Tx measurement after the cell reselection
· Option 2: (Huawei)
· The UE shall stop the UE Rx-Tx measurement after the cell reselection

PRS measurement requirements applicability under cell change
Candidate options: 
· Option 1: (Ericsson)
· The measurement period for RSTD, PRS-RSRP and PRS-RSRPP, should be based on the longest of the Kcarrier and DRX cycles used among the old serving cell before the cell reselection and the new serving cell after the cell reselection.
· 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.
· Option 2: (Huawei)
· Do not define exact requirements for the cell change case. 
· The UE behaviour upon initiating the cell selection for the selected PLMN is within RAN1/2 scope.

The last issue concerns requirements for SRS measurements. We understand RRC_INACTIVE state applies to the UE only, not the gNB. gNB measurement requirements should apply regardless of the RRC state of the UE.
Whether to define SRS measurement requirements in RRC_INACTIVE state
Candidate options:
· Option 1: (Nokia)
· Upon completion of measurement requirements for DL positioning methods, RAN4 investigates measurement requirements for periodic SRS and semi-persistent SRS in RRC_INACTIVE and develops corresponding measurement requirements for the latter.
· RRM requirements for transmission of SRS for positioning do not apply in case of expected UL transmissions in other channels in the initial UL BWP in RRC_INACTIVE state.
· Option 2: 
· No gNB measurement requirements are defined in RRC_INACTIVE state.

Proposal 5: gNB requirements for positioning measurements apply regardless of the RRC state of the UE.

Measurement period requirement
In this section we discuss PRS measurement period requirements for RRC_INACTIVE state.
When formulating requirements for positioning measurements in inactive state, there are two major differences relative to connected mode that need to be considered:
a. preserve the UE’s ability to conserve power in RRC_INACTIVE, and
b. account for higher priority of other DL signals over PRS, as agreed by RAN1.

Our proposals should take these factors into account. Additionally, we note that RAN1 has agreed to introduce a new UE capability for PRS processing in inactive state, but the details of the new capability are still pending. Nonetheless, we shall make our proposals assuming certain similarities between the new capability and the existing capability for connected state.
In RAN4#101-bis-e there was further discussion about the relationship between the PRS measurement period and the DRX cycle length, and the agreement below was captured in the WF [1]. This agreement confirms that there is consensus in RAN4 that the PRS measurement period in inactive state should depend on the DRX cycle length. Additionally, the agreement is one step towards preserving reduced power consumption in inactive state. It suggests that the UE should not be expected to wake up too often to perform positioning measurements.
How to consider DRX cycle for PRS measurement requirements in RRC_INACTIVE state
Agreements: 
· DRX cycle can be considered in the available PRS periodicity for the PRS measurement in RRC_INACTIVE state i,e. Tavailable_PRS_i.
· The detailed Tavailable_PRS_i can be discussed in issue 2-4-6.

In addition to limiting the frequency of measurement opportunities, the UE should not be required to stay active for extended periods of time, lest it consume too much power. Therefore, requirements should be based on PRS measurement and processing occasions with limited time duration. This objective can be achieved by adopting a “measurement/processing window” model, in which the UE is expected to wake up at most once per DRX cycle to measure and process PRS resources within a limited time interval.
For illustration purposes, Figure 2 shows an example in which DRx cycle length is equal or greater than the PRS periodicity and where the UE wakes up once per DRX cycle to measure resources during a measurement/processing occasion. The UE would have freedom to choose the location of the measurement/processing occasion within each DRX cycle (or Tavailable_PRS,i, in general) so that different PRS resources can be measured in successive measurement occasions. Each occasion would comprise a measurement interval followed by a processing interval.


[bookmark: _Ref95052265]Figure 2: PRS processing model in RRC_INACTIVE.
According to the processing model described above, Tavailable_PRS,i can be set to the least common multiple of TPRS and DRX cycle length.
Proposal 6: Tavailable_PRS,i equals the least common multiple of TPRS and DRX cycle length.
To make further progress in formulating PRS measurement requirements in RRC_INACTIVE, we assume here that the UE will signal a new PRS processing capability (N, T) for inactive state (to be defined by RAN1), where N and T may have different values compared to the corresponding capability for connected mode. Furthermore, we assume that in this new capability, T-N (> 0) denotes time required for processing PRS duration of N, exclusive of measurement/buffering time. i.e. T-N is the processing time assuming PRS samples are already stored in memory. Therefore, if the UE measures PRS duration less or equal to N during the measurement interval (colored gray in Figure 2) of a measurement/processing occasion, it can finish processing PRS within the occasion if the processing portion (colored orange in Figure 2) is at least of length T-N.
The above assumption needs to be confirmed once RAN1 finalizes the definition of the new UE PRS processing capability for RRC_INACTIVE state.
Proposal 7: Working assumption
· The measurement requirements in RRC_INACTIVE are based on a separate UE PRS processing capability (N, T) for inactive state, where N is the maximum duration of PRS in msec that can be buffered by the UE, assuming the maximum supported PRS bandwidth in the frequency band, and T-N (>0) is the corresponding processing time assuming PRS samples are already buffered in memory.

Based on the working assumption above and the proposed PRS processing model, we have the following proposals to complete the PRS measurement requirements in RRC_INACTIVE.
Proposal 8: For PFL i, the UE measures and processes up to PRS duration of  msec in each measurement/processing occasion of length , where the PRS resources are received during a measurement interval of length  and they are processed by the UE during a processing interval of length , immediately following the measurement interval.
Observation 1: The length of the measurement interval within measurement/processing occasion must account for expectedRSTD-uncertainty.
Proposal 9: The LMF may request , the length of the measurement/processing occasion for PFL i, in the location request.  requested by the LMF must be larger than  signalled in the UE capability, otherwise measurement requirements do not apply.
Proposal 10:  msec.
Proposal 11: If the LMF does not request the length of the measurement/processing occasion, then  is used to calculate the measurement period requirement, where  is the UE capability applicable to PFL i.
Proposal 12: 
· For requirements in RRC_INACTIVE, replace the factor  in the Rel-16 PRS measurement period formulas with , where 
·  is defined as the number of measurement/processing occasions required to cover all the PRS resources in , taking into account that the UE can process at most PRS duration of   ms per occasion.

 
[bookmark: _Hlk95054306]The next question concerns how to account for PRS processing time in the measurement period requirement. According to the proposed PRS processing model for RRC_INACTIVE and the working assumption above, PRS is measured and processing within each occasion of length . As long as , which is desired both for power savings and to avoid conflicts with other UE functions in inactive state, then  would be reduced to , following the Rel-16 approach.
Teffect,i calculation for PRS measurement requirements in RRC_INACTIVE state
Candidate options:
· Option 1: (CATT, Huawei, Ericsson, OPPO, Nokia, vivo)
· The same approach as R16 can be used. 
· Option 2: (Intel, OPPO, Qualcomm)
· Postponed until conclusions on PRS processing capability in RRC INACTIVE state are reached in RAN1. 

Proposal 13: For  the Rel-16 approach can be used as the baseline. This approach can be revisited once RAN1 finalizes the new UE PRS processing capability for RRC INACTIVE state.
The next issue concerns how to scale the PRS measurement period to account for cell re-selection measurements that need to be performed by the UE in RRC_INACTIVE.
How to define Kcarrier for PRS measurement requirements in RRC_INACTIVE state
Candidate options:
· Option 1: (vivo, Nokia, CATT, Ericsson, Intel)
· Replace CSSF with Kcarrier for inactive state PRS measurement requirements, Kcarriers is the total number of configured carriers for mobility measurements and CA measurements plus one positioning frequency layer. 
· Option 2: (Qualcomm)
· Depending on UE capability, the PRS measurement period length would be proportional to K=Kcarrier  + 1 or  K=1, where the latter would correspond to a UE that has a dedicated PRS processing engine. 
· Option 3: (OPPO, Huawei)
· Replace CSSF with Kcarrier and Nlayer for RRC-INACTIVE state measurement requirements, only one positioning frequency layer is accounted into Kcarrier and Nlayer.

Proposal 14: Replace CSSF in the Rel-16 measurement period formula with a factor K with two possible values depending on UE capability.
· Baseline capability: K = Kcarrier  + 1 (or Nlayer + 1 when only higher priority layers need to be measured), 
· Advanced capability: K=1, for a UE that has a dedicated PRS processing engine.

The last issue is whether to allow a reduced number of PRS samples for measurements in RRC_INACTIVE. We support option 2 below.
Whether to support the reduced number of samples in RRC_INACTIVE state
Candidate options:
· Option 1: (CATT, CMCC, vivo, Nokia, Ericsson)
· Yes. 
· Option 2: (Intel, Huawei, Qualcomm, OPPO)
· upon UE capability

Proposal 15: A reduced number of PRS samples for measurements in RRC_INACTIVE may supported subject to UE capability (different from the UE capability for RRC_CONNECTED).
Conclusions
Proposal 1: If there is state transition from RRC_INACTIVE to RRC_CONNECTED (or vice-versa) during the measurement period:
· For DL only positioning, the UE continues performing the measurements and the measurement period is extended.
· For multi-RTT, the UE stops performing measurements and reports an error. 
Proposal 2: Measurement requirements do not apply to any PRS resource that collides/overlaps with other DL signals/channels that have higher priority in RRC_INACTIVE. Collision/overlap between a PRS resource and other DL signals/channels in RRC_INACTIVE state occurs when
· Any other signal/channel occurs within X1 ms before the expected start time of (the first repetition of) a PRS resource.
· X1 = RRT + expected RSTD-uncertainty of the PRS resource
· RRT = [0.5] ms for serving cell in FR1, [0.25] ms for serving cell in FR2.
· FFS if and under what conditions the retuning time RRT can be excluded from X1
· Any other signal/channel occurs within X2 ms after the expected start time of (the first repetition of) a PRS resource.
· X2 = X1 + T
· T is the duration of PRS processing of the UE PRS processing capability in RRC_INACTIVE  
Proposal 3: The UE shall stop the UE Rx-Tx measurements after the cell reselection and reports an error.
Proposal 4: When cell reselection occurs while the UE is performing PRS measurements for DL-only positioning (RSTD, PRS-RSRP, PRS-RSRPP), the measurement period is extended.
Proposal 5: gNB requirements for positioning measurements apply regardless of the RRC state of the UE.
Proposal 6: Tavailable_PRS,i equals the least common multiple of TPRS and DRX cycle length.
Proposal 7: Working assumption
· The measurement requirements in RRC_INACTIVE are based on a separate UE PRS processing capability (N, T) for inactive state, where N is the maximum duration of PRS in msec that can be buffered by the UE, assuming the maximum supported PRS bandwidth in the frequency band, and T-N (>0) is the corresponding processing time assuming PRS samples are already buffered in memory.
Proposal 8: For PFL i, the UE measures and processes up to PRS duration of  msec in each measurement/processing occasion of length , where the PRS resources are received during a measurement interval of length  and they are processed by the UE during a processing interval of length , immediately following the measurement interval.
Observation 1: The length of the measurement interval within measurement/processing occasion must account for expectedRSTD-uncertainty.
Proposal 9: The LMF may request , the length of the measurement/processing occasion for PFL i, in the location request.  requested by the LMF must be larger than  signalled in the UE capability, otherwise measurement requirements do not apply.
Proposal 10:  msec.
Proposal 11: If the LMF does not request the length of the measurement/processing occasion, then  is used to calculate the measurement period requirement, where  is the UE capability applicable to PFL i.
Proposal 12: 
· For requirements in RRC_INACTIVE, replace the factor  in the Rel-16 PRS measurement period formulas with , where 
·  is defined as the number of measurement/processing occasions required to cover all the PRS resources in , taking into account that the UE can process at most PRS duration of   ms per occasion.
Proposal 13: For  the Rel-16 approach can be used as the baseline. This approach can be revisited once RAN1 finalizes the new UE PRS processing capability for RRC INACTIVE state.
Proposal 14: Replace CSSF in the Rel-16 measurement period formula with a factor K with two possible values depending on UE capability.
· Baseline capability: K = Kcarrier  + 1 (or Nlayer + 1 when only higher priority layers need to be measured), 
· Advanced capability: K=1, for a UE that has a dedicated PRS processing engine.
Proposal 15: A reduced number of PRS samples for measurements in RRC_INACTIVE may supported subject to UE capability (different from the UE capability for RRC_CONNECTED).
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Appendix
RAN1 agreements (#106-bis-e and #107-e) regarding NR positioning in RRC_INACTIVE [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
· 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

Agreement:
· For RRC_INACTIVE UEs, SRS for positioning bandwidth, SCS and CP type are configured by RRC and can be different from that of initial UL BWP configured by the system information

Agreement:
· For OLPC of SRS for positioning transmission by RRC_INACTIVE UEs,
1. Reuse validity criteria for pathloss measurement defined for RRC_CONNECTED UEs in Rel.16
· FFS: UE fallback behavior (i.e. whether to reuse fallback to pathloss measurement by RRC_INACTIVE UE for the cell, from which the SS/PBCH is received to obtain MIB, is not accurate) 
· For spatial relation of SRS for positioning transmission by RRC_INACTIVE UEs,
1. FFS: Whether to define validity criteria or reuse validity criteria for OLPC pathloss measurement to determine whether spatial relation with configured RS is valid

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)
1. FFS how to determine conflicts in DL PRS and other DL signals/channels reception by UE
2. 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

Agreement
For UE in RRC_INACTIVE state can support DL PRS processing outside and inside of the initial DL BWP:
· For DL PRS processing outside of the initial DL BWP, the SCS, CP type of DL PRS can be the same or different as for the initial DL BWP
· For DL PRS processing inside of the initial DL BWP, the SCS, CP type of DL PRS is the same as for the initial DL BWP.
· Potential impact of retuning time and expected RSTD assistance information on DL PRS reception performance is up to RAN4
· UE capability(ies) will be defined for DL PRS processing in RRC_INACTIVE state
· details are FFS
· Send an LS to RAN4 on agreed by RAN1 UE behavior for reception of DL PRS in RRC INACTIVE state

Agreement
For spatial relation of SRS for positioning by RRC_INACTIVE UEs,
· Validity criteria for pathloss measurement (OLPC) is reused to determine validity of spatial relation for configured RS
· If the UE determines that the UE is not able to meet the above validity criteria for spatial relation then the UE stops transmission of SRS resource for positioning 
· Note: the RS for spatial relation is a periodic or semi-persistent RS

Agreement
For OLPC of SRS for positioning by RRC_INACTIVE UEs, the following UE behaviour is used 
· If the UE determines that it is not able to accurately measure pathloss for pathloss reference RS, UE stops transmission on corresponding SRS resource set for positioning

Agreement
· The following options are supported for SRS for positioning transmission by RRC_INACTIVE UEs:
· Option 1:
· Subject to UE capability (which is a prerequisite for option 2), a UE may be configured with an SRS for Positioning associated with the initial UL BWP and transmitted, during the RRC_INACTIVE state, inside the initial UL BWP with the same CP and SCS as configured for initial UL BWP.
· Option 2:
· Subject to UE capability, a UE may be configured with an SRS for Positioning where the following parameters are additionally configured for the transmission of the SRS for Positioning during the RRC_INACTIVE state: frequency location and bandwidth, SCS, CP length. 
· The UE shall not transmit the SRS for Positioning when it is expected to perform UL transmissions in the initial UL BWP in RRC_INACTIVE state.
· RAN1 assumes that 
· SRS for positioning for UEs in RRC_INACTIVE state is configured using the SRS-PosResourceSet IE
· Send LS to RAN2 to define signaling for SRS for positioning configuration for RRC_INACTIVE UEs

RAN2 agreements (#116-e) regarding NR positioning in RRC_INACTIVE [2].
Agreement:

Agreement:
Proposal 1 (modified): The PRS configuration from LMF to UE is independent of the RRC state. That is, no impact on PRS configuration for RRC_INACTIVE (13/15) from RAN2 perspective.

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)



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)
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