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Following the work plan for Rel-17 positioning enhancements work item, which was updated and agreed in last meeting RAN#4-99e [1], it is foreseen to cover the topic positioning measurement in RRC_INACTIVE in RAN#4-100e:

· Further discussion on the scope of the requirements for positioning measurement in RRC_INACTIVE
· Analyse the positioning measurement requirements
· Agree on simulation assumptions if simulations are needed.



To gain an overview what has been agreed in other RAN WG here are the agreements on this topic from RAN1#105-e:

Agreement:
NR positioning supports DL PRS-RSRP (section 5.1.28 in the TS 38.215) and DL RSTD (section 5.1.29 in the TS 38.215) measurements by UEs in RRC_INACTIVE state
· FFS additional potential impact on RAN1

Furthermore, the following agreements have been made in RAN2#114-e:

Agreements:
Any uplink LCS or LPP message can be transported in RRC_INACTIVE from RAN2 perspective. 
Follow Rel-17 SDT framework for INACTIVE UL and DL positioning:
	If the UE initiated data transmission using UL SDT, the network can send DL LCS, LPP message and RRC message (e.g. to configure SRS (TBD on what message is used), if UL positioning supported) to the UE. 
	Otherwise, if UE did not initiate UL SDT, rely on legacy operation, i.e. the network shall transition the UE to RRC_CONNECTED, e.g. based on RAN paging. 

Agreements:
Exposure of the RRC state of the UE to the LPP layer of the UE for RRC_INACTIVE UL and DL positioning will not be specified.  This does not exclude cross-layer behaviour in implementations.
[bookmark: _Hlk78878770]The RRC state of the UE is not exposed to the LMF for INACTIVE UL and DL positioning.

In this contribution we provide our views on requirements for positiong in RRC_INACTIVE state. 
Background
In previous meetings, WID and work plan was agreed to prioritize DL based positioning and to handle topics involved with UL/DL+UL positioning methods at a later stage, therefore this contribution treats DL based positioning methods in RRC_INACTIVE for the time being.
While further impact is still FFS, from previous RAN1 agreement listed above, DL PRS-RSRP and DL RSTD measurements defined in 38.215 shall be supported in such such a way that UEs can perform these measurements in RRC_INACTIVE state.
Concluding RAN2 agreement “The RRC state of the UE is not exposed to the LMF for INACTIVE UL and DL positioning”, there is no differentiation possible between RRC_CONNECTED state and RRC_INACTIVE state. 
RRC_INACTIVE is a state for power saving when there is no data is expected for UE for a certain period. Following are the some of the functions UE need to perform in RRC_INACTIVE state so that UE can quickly transition to RRC_CONNECTED state.
· Reception of system information
· Cell selection/reselection mobility
· Paging reception

In RRC_INACTIVE state it is assumed that UE predominantly monitor DL during DRX on period to perform the above discussed RRC_INACTIVE state functions. To transmit any information on UL channels, in legacy system UE need to transition to connected state. Since the positioning measurements can be periodic or semi-persistent measurements, frequent transition to connected state will nullify the benefits of INACTIVE state. To solve this problem, it was agreed to use the Small Data Transmission (SDT) framework for transmission of positioning measurements in RRC INACTIVE state.  When the UE is transitioning from RRC_CONNECTED to RRC_INACTIVE, gNB provides configured grant for UE in RRC_release message. Configured grant can be considered as periodic reporting resources. Following two types of SDT resources may be configured for RRC_INACTIVE state UE for performing positioning measurements: 
· Configured grant based SDT
· RA based SDT

Discussion
Positioning measurements introduced in RRC_INACTIVE state shall not affect the legacy INACTIVE state functions performed by UE. Having said that positioning measurements in INACTIVE state are equally important for the UEs configured with positiong in INACTVIE state. For a UE configured to perform positioning measurements in RRC_INACTIVE state, quality of positioning measurements should be same as RRC_CONNECTED state positioning measurements for DL PRS-RSRP and DL RSTD. Since the exact requirements need to be studied for INACTIVE state, we can take RRC_CONNECTED state measurements as baseline and define INACTIVE state positioning measurement requirements.
RRC connected state positioning requirements should be taken as baseline for defining inactive state positioning requirements. 
In our understanding following are the few expected differences between RRC-INACTIVE mode positioning measurements and connected mode positioning measurements. 
Connected mode measurements are applied only if 
· UE is configured with measurement gaps
· No active BWP switching occurs during the measurement gaps for PRS measurement, and
· All measurement requirements specified in clause 9.9.2, 9.9.3 and 9.9.4 shall apply without DRX as well as for any DRX configuration specified in TS 38.133 [3].

Inactive state measurements requirements
· No measurement gaps (as there is no data channel transmission in inactive state)
· No concept of BWP switching (No BWP switching supported in inactive state)
· Measurements with DRX configured are only possible (UE will be awake only during DRX ON period in inactive state)

DL RSTD requirements
As discussed in proposal 1 DL RSTD measurements in inactive state shall consider connected mode measurements as baseline. In the below sections we look at defining positioning requirements in INACTIVE state.  
Requirements applicability:
Connected state positioning measurements are defined for FR1 and FR2 in Rel-16. Rel-17 WID for positioning enhancements too considers FR1 and FR2. Hence RAN4 shall define positioning measurements for both FR1 and FR2 in INACTIVE state.
RAN4 shall define inactive state positioning measurements for FR1 and FR2
UE measurement capability:
In our understanding RRC INACTIVE state positioning is in early stages in RAN1 and RAN2. Hence we suggest RAN4 to wait for further RAN1/2 progress. 
RAN4 to wait for RAN1/2 progress regaridng UE measurement capability of DL RSTD. 
Measurement reporting requirements:
In our understanding, the measurement reporting delay can be defined as the time between the moment when the periodic measurement report is triggered (from RRC release) and the moment when the UE starts to transmit the measurement report over the air interface.
However, currently RAN2 has agreed to follow Rel-17 SDT framework for INACTIVE UL and DL positioning, and SDT is a separate work item that is still ongoing. The progress of SDT WI may have impact on the definition of measurement reporting delay. Hence, we suggest RAN4 to wait for RAN2 progress to define measurement reporting delay requirements.
RAN4 to wait for other WG progress to define measurement reporting delay
Measurements Period Requirements:
[bookmark: _Hlk79063715]Though we feel it is early to define measurement period requirements, we feel the framework or higher-level formula defined for RRC connected state positiong measurements can be reused. In current specification TS 38.133 subclause 9.9.2   is defined as

where
	 is the index of positioning frequency layer,
	 is total number of positioning frequency layers, and
	 is the periodicity of the PRS RSTD measurement in positioning frequency layer i 
 is the measurement period for PRS RSTD measurement in positioning frequency layer i.
Though on higher level this formula can be reused, RAN4 shall discuss each component in the formula for INACTIVE state positioning measurements. 
RAN4 to consider reusing the framework or formula of Rel-16 DL RSTD measurement period to derive the inactive state DL-RSTD measurement period.  
DL RSTD measurement performance requirements:
As discussed above, RRC inactive state shall not trade off power saving with quality of positioning measurements. Hence the measurement performance should be same as connected state measurements. Since it is early stage to make any concrete proposals, we feel connected state measurement performance requirements can be taken as baseline for deriving inactive state performance requirements.
RAN4 to take connected mode measurement performance requirements for DL RSTD as baseline for inactive state measurement performance requirements.

3.2	PRS-RSRP measurement requirements 
Requirement applicability:
Rel-16 connected state measurements are applicable for periodic and triggered PRS-RSRP measurements. In inactive state too RAN4 shall define periodic measurements as SDT (configured grant) can be configured upon RRC release. As per SDT procedure, when the measurement buffer size is large and UE cannot use periodic SDT resource for transmitting PRS RSRP measurement, UE shall transition to connected state to transmit measurement report to LPP. 
RAN4 shall consider defining positioning measurement requirements which involve transition from inactive state to connected state.  
RAN4 to define periodic inactive state positioning measurements and reporting of positioning measurement which involves state transition to connected state from inactive state
Measurement Capability:
In our understanding RRC INACTIVE state positioning is in early stages in RAN1 and RAN2. Hence we suggest RAN4 to wait for further RAN1/2 progress. 
RAN4 to wait for RAN1/2 progress regarding UE measurement capability of PRS-RSRP. 
Measurement Reporting Requirements:
Since the SDT framework is in progress in RAN2, our view is that RAN4 can discuss this topic later.
Measurement Period Requirements:
Though we feel it is early to define measurement period requirements for PRS-RSRP, the framework or higher-level formula defined for Rel-16 RRC connected state positiong measurements can be reused. In current specification TS 38.133 subclause 9.9.3.5 measurement period for PRS-RSRP in connected state is defined as

where  
i is the index of positioning frequency layer, 
L is total number of positioning frequency layers, 
 is the periodicity of the PRS-RSRP measurement in positioning frequency layer i.
Though on higher level this formula can be reused, RAN4 shall discuss each component in the formula for INACTIVE state positioning measurements. 
RAN4 to consider reusing the framework or formula of Rel-16 PRS-RSRP measurment period to derive the inactive state PRS-RSRP measurement period.  
DL RSTD measurement performance requirements:
As discussed above, RRC inactive state shall not trade off power saving with quality of positioning measurements. Hence the meausrements performance should be same as connected state measurements. Since it is early stage to make any concrete proposals, we feel connected state measurement performance requirements can be taken as baseline for derving inactive state performance requirements.
RAN4 to take connected mode measurement performance requirements for PRS-RSRP as baseline for inactive state measurement performance requirements.
3.3	Impact of positioning measurements on inactive state functions
Since positioning measurements and other inactive state functions such as cell selection/reselction measurements, system information reception, and paging reception may overlap with positiong measurement occasions, hence RAN4 should discuss impact of positiong measurements on RRC-INACTIVE state functions. 
 RAN4 to discuss impact of positioning measurements on RRC INACTIVE state functions.
Concluding, since this is early stage of discussion for inactive state positiong in RAN1 and RAN2, RAN4 should wait what implications of defining DL PRS-RSRP and DL RSTD for RRC_INACTIVE will be identified by RAN1/2 in upcoming meetings.
Summary and Conclusion
In this contribution we discussed DL-RSTD and PRS-RSRP inactive state positioning requirements for UE in RRC_INACTIVE state and made following proposals. 
1. RRC connected state positioning requirements should be taken as baseline for defining in active state positioning requirements. 
RAN4 shall define inactive state positioning measurements for FR1 and FR2
RAN4 to wait for RAN1 progress regarding UE measurement capability within DL RSTD. 
RAN4 to wait for other WG progress to define measurement reporting delay

RAN4 to consider reusing the framework or formula of Rel-16 DL RSTD measurement period to derive the inactive state DL-RSTD measurement period
RAN4 to take connected mode measurement performance requirements for DL RSTD as baseline for inactive state measurement performance requirements
RAN4 to define following periodic inactive state positioning measurements and reporting of positioning measurement which involves state transition to connected state from inactive state.
RAN4 to wait for RAN1 progress regarding UE measurement capability within PRS_RSRP. 
RAN4 to consider reusing the framework or formula of Rel-16 PRS_RSRP measurement period to derive the inactive state PRS-RSRP measurement period.  
RAN4 to take connected mode measurement performance requirements for PRS_RSRP as baseline for inactive state measurement performance requirements.
RAN4 to discuss impact of positioning measurements on RRC INACTIVE state functions.
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