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Introduction
RAN4 continued discussing support of NR positioning measurements in RRC_INACTIVE in RAN4#100-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
The type of measurement requirements to be defined in RRC_INACTIVE state
Open issue: 
· 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.

Initially, RAN4 agreed to specify requirements for DL only positioning measurements based on agreements in other WGs at the time [1]. 
RAN4
Agreements:
At least UE RRM requirements for DL RSTD and DL PRS-RSRP measurements in RRC-INACTIVE state are specified. 

More recently, RAN1 and RAN2 have reached agreements (see Appendix) enabling configuration and transmission of semi-persistence SRS for positioning in inactive state. In view of the RAN1 and RAN2 agreements [3,4], we understand that there are no impediments to supporting RTT positioning in inactive state and RAN4 should specify corresponding UE requirements.
Proposal 1: UE requirements for UE Rx-Tx time difference measurements in RRC-INACTIVE state should be specified by RAN4.

Applicability questions concerning the need for SDT were further discussed in RAN4#101-e, with options captured in the WF, as shown below [1].
The requirements applicability in RRC_INACTIVE state regarding SDT. 
Open issue: 
· 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. 


RAN2 has agreed that the DL-PRS assistance data and the configuration of SRS for positioning can be delivered to the UE through multiple means that are not exclusively dependent on support of SDT [3]. The RAN2 agreements do not mention reporting of DL (and/or UL+DL) positioning measurements performed in inactive state, however, our understanding is that reporting of positioning measurements in RRC_INACTIVE can be supported via SDT. E.g. per RAN2 agreement (below), LPP UL message segmentation is supported [4].
RAN2 agreement

Proposal 3: UL LPP message segmentation can also be used by the UE in RRC_INACTIVE state; i.e., a LPP message body can be sent in several shorter LPP messages instead of one long LPP message by using the SDT "Subsequent Data Transmission" phase.  FFS spec impact.

The requirements applicability in RRC_INACTIVE state regarding state transition
Open issue: 
· 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. 

[bookmark: _Ref85610495]Proposal 2: The PRS measurement reporting delay requirements in RRC_INACTIVE should exclude the transmission time needed by SDT or the transition time to connected state to report positioning measurements.
Measurement period requirement
In RAN44#100-e, RAN4 agreed to use the measurement period formulation in Rel-16 as the baseline (starting point) for requirements in inactive state [1]. However, RAN4 also identified a number of factors that should be revisited when specifying the new requirements for positioning in inactive state.
In this section we propose modifications to the PRS measurement period 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. We will make a limited number of proposals and wait for RAN1 to provide details of the new capability.
Regarding the measurement period when multiple positioning frequency layers (PFLs) are provided in the -DL-PRS assistance data, we assume that the new UE capability for PRS processing in inactive state will assume processing of one PFL at a time. Therefore, RAN4 can reuse the summation-based approach for the requirements in inactive state. 
Approach used for measurement requirements of multiple positioning frequency layers in RRC_INACTIVE state
Open issue: 
· Option 1: (CATT)
· Maximum-based approach is used. 
· Option 2: (vivo, Huawei, Nokia, OPPO)
· Summation-based approach is used. 
· Option 3: (Ericsson, Intel, Qualcomm)
· FFS

Proposal 3: Assume that the UE processes one PFL at a time in RRC_INACTVE, as in RRC_CONNECTED, and reuse the summation-based approach for the measurement period requirement with multiple PFLs in RRC_INACTIVE.
As stated earlier, UE power consumption is an important consideration in inactive state and, in our view, the PRS measurement requirements in RRC_INACTIVE should be formulated such that power savings are preserved.
In RAN4#101-e there was discussion about the relationship between the PRS measurement period and the DRX cycle length, and the agreement below was captured in the WF [2]. The agreement shows there is consensus in RAN4 that the PRS measurement period in inactive state should depend on the DRX cycle length. If the measurement period duration is allowed to scale with DRX cycle length, the LMF may need to adjust its expectation of the response time accordingly. RAN4 should notify other working groups, e.g. RAN2 and RAN3, about this agreement and ask for new signaling to be introduced, if necessary. 
Proposal 4: RAN4 should send an LS to RAN2/RAN3 notifying them that RAN4 has agreed that the PRS measurement period requirement will depend on the DRX cycle length configured for the UE and that, consequently, the response time requested by the LMF should be adjusted accordingly. RAN4 requests RAN2/RAN3 to introduce new signalling, if necessary.
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. 
Open issue: 
· Option 1a: (Qualcomm, Nokia, OPPO)
· If RAN4 agrees that the measurement period requirement in RRC_INACTIVE depends on the DRX cycle length, RAN4 should send an LS to RAN2/RAN3 saying that RAN4 assumes that the LMF would have knowledge of the DRX cycle and asking for new signaling to be introduced. 
· Option 1b: (CMCC, ZTE, CATT)
· For positioning measurement delay requirements for inactive state, DRX cycle can be considered in measurement interval, for example, Tavailable could be the common multiple between TPRS and DRX cycle. 
· Option 1c: (vivo)
· PRS measurements are performed once per DRX cycle, at least for short DRX cycle. 

The agreement above 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. More concretely, the requirements may be formulated by limiting the number of measurement occasions to one per DRX cycle, as in option 1c.
Proposal 5: In RRC_INACTIVE, the UE is required to measure and process PRS in one measurement occasion per DRX cycle.
Next, let us discuss how to address potential conflicts between positioning measurements and other UE functions in RRC_INACTIVE. We understand that, in general, it may not be possible for the LMF to configure PRS resources so that they do not collide with or are not too close to paging occasions and SMTC configured for all UEs. One way to address this issue would be to introduce applicability conditions for PRS measurement requirements in inactive mode.
Observation 1: It would be beneficial for the LMF to be aware of the paging occasion (PO) parameters of the UE so that it can customize the PRS configuration for the UE to avoid collisions between PO and PRS. A preferred PRS configuration could be requested by the UE via on demand PRS.
Proposal 6: Measurement requirements in RRC_INACTIVE do not apply to any PRS resources that overlap in time (including expected RSTD and uncertainty) with PO or SMTC configured for measurement by the network, or that are received within X ms (before or after) of PO or SMTC. X is FFS.
Regarding the inclusion of the parameter Kcarrier in the measurement period requirement in inactive state, the options shown below were proposed in RAN4#101-e [1]. In our view, option 1a is consistent with the assumption that the UE processes one PFL at a time (Proposal 3) and that the measurement cadence in inactive state is proportional to DRX cycle (Proposal 6), as is the case with NR inter-frequency measurements. However, we would prefer to leave the definition of Kcarrier unchanged and add plus one to the requirements when the UE is asked to perform positioning measurements in inactive state.
We envision that there may we two different levels of  UE capability regarding support of  PRS measurements in inactive state. The baseline level would correspond to UEs that share processing resources between mobility and positioning. For those UEs the measurement delays would be proportional to Kcarrier + 1 for both NR inter-frequency measurements and PRS measurements in inactive state. A more advanced capability may be indicated by UEs that have a dedicated processing engine for positioning. For those UEs, NR inter-frequency measurement delay would be proportional to Kcarrier, regardless of whether the UE is requested to perform positioning measurements, and the PRS measurement delay would be independent of Kcarrier.
Kcarrier consideration for measurement requirements in RRC_INACTIVE state
Open issue: 
FFS on Kcarrier: 
· 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. 

Proposal 7: 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.
Conclusions
Proposal 1: UE requirements for UE Rx-Tx time difference measurements in RRC-INACTIVE state should be specified by RAN4.
Proposal 2: The PRS measurement reporting delay requirements in RRC_INACTIVE should exclude the transmission time needed by SDT or the transition time to connected state to report positioning measurements.
Proposal 3: Assume that the UE processes one PFL at a time in RRC_INACTVE, as in RRC_CONNECTED, and reuse the summation-based approach for the measurement period requirement with multiple PFLs in RRC_INACTIVE.
Proposal 4: RAN4 should send an LS to RAN2/RAN3 notifying them that RAN4 has agreed that the PRS measurement period requirement will depend on the DRX cycle length configured for the UE and that, consequently, the response time requested by the LMF should be adjusted accordingly. RAN4 requests RAN2/RAN3 to introduce new signalling, if necessary.
Proposal 5: In RRC_INACTIVE, the UE is required to measure and process PRS in one measurement occasion per DRX cycle.
Observation 1: It would be beneficial for the LMF to be aware of the paging occasion (PO) parameters of the UE so that it can customize the PRS configuration for the UE to avoid collisions between PO and PRS. A preferred PRS configuration could be requested by the UE via on demand PRS.
Proposal 6: Measurement requirements in RRC_INACTIVE do not apply to any PRS resources that overlap in time (including expected RSTD and uncertainty) with PO or SMTC configured for measurement by the network, or that are received within X ms (before or after) of PO or SMTC. X is FFS.
Proposal 7: 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.
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Appendix
RAN1 agreements (#106-bis-e and #107-e) regarding NR positioning in RRC_INACTIVE [3].
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 [3].
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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