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[bookmark: _Ref37187857][bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
The revised WID [1] for positioning enhancements in Rel. 17, lists the following as objective:
	· [bookmark: _Hlk67643273]Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3,RAN4]:
· DL NR positioning methods and RAT-independent positioning methods 
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
Note: this work will be coordinated with the SDT WI. 
· As 2nd priority:
· UL and DL+UL NR positioning methods
· Support of gNB positioning measurements for UEs in RRC_INACTIVE state



In RAN2#114-bis-e [2], we reached the following agreements:

	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. 
· 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.
· The RRC state of the UE is not exposed to the LMF for INACTIVE UL and DL positioning.
· Support pre-configuration of assistance data to the UE at least in an LPP session.  Details of how to enable this are FFS (e.g. what additional functionality beyond deferred location procedure might be needed).
· The LPP Request Location Information message can serve as an indication to the UE to utilize the pre-configured AD.  FFS additional conditions/validity criteria for using the pre-configured AD.


Because a UE can move within the RAN notification area for potentially a long time (up to 12 hours) without having to perform RNA updates, we need to discuss structure, content or delivery mechanism of assistance data in order to support measurements by a UE in RRC_INACTIVE state. If a UE needs to transit to RRC_CONNECTED state each time the assistance data (for downlink) or configuration (for uplink) needs to be updated, then the benefits of RRC_INACTIVE positioning are not fully realized.

We propose that RAN2 addresses the following issues regarding assistance data for enabling DL-PRS measurement in RRC_INACTIVE mode 
1) What is the content of assistance data applicable to a UE for measurements during RRC_INACTIVE and how is it structured? What could be common to the AD provided for RRC_CONNECTED state and what could be different?
2) How shall the assistance data be delivered for the UE in RRC_INACTIVE state? 
3) How shall the UE determine which of the  DL-PRS resources provided as AD to the UE needs to be applied for a given positioning method? 
4) How does the UE determine which resources it needs to measure with priority?
5) How long and within which area is the provided assistance data valid?

Likewise, for configuration/triggering mechanism for positioning SRS in RRC_INACTIVE mode, we need to address at least the following questions: 
1) How shall the timing advance and power control be realized for positioning in RRC_INACTIVE? 
2) How shall the SRS configuration be adjusted, as a result of cell-reselection mobility? 
3) Which of the SRS transmission modes are supported in RRC_INACTIVE? 
4) How shall a particular SRS configuration be triggered?

Assistance data for measuring DL-PRS 
A Rel. 16 UE is provided with assistance data for measuring DL-PRS which has a maximum of 4 frequency layers, 64 TRPs per frequency layer, 2 resource sets per TRP and 64 DL-PRS resources per resource set as depicted in Figure 2.  The ASN.1 Syntax for NR-DL-TDOA-ProvideAssistanceData-r16 message is depicted in Figure 1. It contains fields NR-DL-PRS-AssistanceData-r16 consisting of configuration of DL-PRS resources, the IE NR-SelectedDL-PRS-IndexList-r16 signalling the UE the downselection of the DL-PRS resources for a UE,  the NR-PositionCalculationAssistance-r16 providing location and TRD of the TRPs and NR-DL-TDOA-Error-r16 providing causes of DL-TDOA error. 


[image: ]
[bookmark: _Ref71234203]Figure 2: Structure of assistance data for obtaining DL-PRS configuration in Rel. 16

	-- ASN1START

NR-DL-TDOA-ProvideAssistanceData-r16 ::= SEQUENCE {
	nr-DL-PRS-AssistanceData-r16		NR-DL-PRS-AssistanceData-r16		OPTIONAL,	-- Need ON
	nr-SelectedDL-PRS-IndexList-r16		NR-SelectedDL-PRS-IndexList-r16 	OPTIONAL,	-- Need ON
	nr-PositionCalculationAssistance-r16
										NR-PositionCalculationAssistance-r16
																			OPTIONAL, 	-- Cond UEB
	nr-DL-TDOA-Error-r16				NR-DL-TDOA-Error-r16				OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP


[bookmark: _Ref71234274]Figure 1: ASN.1 Syntax for NR-DL-TDOA-ProvideAssistanceData Message

In Figure 3, we depict a possible path taken by a UE which has been transitioned to RRC_INACTIVE state. In this example, a UE was in RRC_CONNECTED state when it was in cell 1. Then it transitioned to RRC_INACTIVE state while the positioning session was still underway. It camped on different cells along its path until it reached Cell 5, where due to expiry of T380 timer, it had to do RNA update. In this example, we have only depicted 6 cells. In practice, the number of TRPs within the RNA could be much larger than 64.  Either the size of assistance data delivered to the UE for use in RRC_INACTIVE mode measurement is increased or  DL-PRS assistance data needs to be updated frequently. Second, the NR-SelectedDL-PRS-IndexList-r16, which downselects the DL-PRS, which the UE needs to perform measurements onfor a given method, needs to be updated as the UE moves along the network. Furthermore, the LMF may or may not have the exact knowledge of UE position (especially in UE-based mode). In these conditions, the NR-SelectedDL-PRS-IndexList-r16 may not be the best choice.
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[bookmark: _Ref71228674]Figure 3: Depiction of UE Mobility in RRC_INACTIVE state.

This means either the UE needs to be configured with assistance data of larger dimensions and the SelectedDL-PRS-IndexList needs to be signaled to the UE taking into account the coarse UE location at a given time. This requires frequent switching to RRC_CONNECTED state for providing the assistance data to the UE. Alternatively, a different mechanism of handling assistance for measurements in RRC_INACTIVE mode could be specified. 

Observation 1: The assistance data provided for a UE may not correspond to the changes occurring during  the RRC_INACTIVE state - in some scenarios this could lead to the situation that the UE is unaware of DL-PRS from the most suitable TRPs for  the current location of the UE. 

Observation 2: An optimum selection of NR-SelectedDL-PRS-IndexList may be specific to a particular UE location within a RNA. Updates may require transition to RRC_CONNECTED state to receive the assistance data.

It may be advantageous to receive redundant assistance data while the UE is in RRC_CONNECTED state  and for the UE to store it. The portion of assistance data that is applicable for the UE at the current location could be derived by the UE based on configuration and measurements or signaled to the UE (e.g. using the SDT mechanism). 

Proposal 1: Support providing UE with assistance data describing the DL-PRS available within the RNA, some of which may be outside the hearability region of the UE at its current location (i.e. redundant assistance data).
· FFS: Whether the A/D received with a larger area scope (e.g. positioning system area) can be divided into A/D applicable to smaller area scope (e.g. cell-level), so that the AD corresponding to the area where the UE is camped can be triggered via SDT mechanism.
The following could be some options that could be used by the network to deliver a set of configurations  of DL-PRS during RRC_CONNECTED or using posSIBs. Some of the sets are not applicable at the UE’s current camped cell, but as the UE moves along, the applicable set can be updated using SDT.  The benefit of this approach is that a larger set of AD is delivered during RRC_CONNECTED when signaling capacity is less of an issue.  During RRC_INACTIVE, the configuration of assistance data applicable to the camped cell can be triggered by signaling (for example, indicator pointing to the assistance data) via the SDT mechanism.
Option 1: The assistance data for positioning in RRC_INACTIVE is larger and at least contains assistance data pertaining to more than 64 TRPs (in one frequency layer), to reflect the fact that the UE can roam within RNA without informing the network.
FFS: Signalling the downselection of the resources where the UE needs to perform measurements (e.g. by updating nr-SelectedDL-PRS-IndexList-r16 using the SDT mechanism).
Option 2: The structure of assistance data (AD) for positioning in RRC_INACTIVE is same as that for RRC_CONNECTED, but multiple instants of assistance data are provided to the UE. 
FFS: How one of the AD instants are selected by the UE (e.g. depending on the cell-ID of the camped cell or based on measurements) from multiple ADs.
FFS: Whether such assistance data may be hierarchically structured (e.g. a RNA containing assistance data (sets) corresponding to several positioning system areas, each of the sets then contain multiple AD corresponding to smaller areas (e.g. group of cells). 
Option 3: An update to AD is provided to the UE using the small data transmission mechanism in the corresponding downlink transmission after the uplink SDT meachanism is established. 
	FFS: Selection of the fields that need to be updated? 

As a fallback, the network shall page the UE to transit the UE to RRC_CONNECTED and deliver the assistance data in RRC_CONNECTED state. 


Proposal 2: Support providing the UE with assistance data during the RRC_CONNECTED state, which is applicable to the RRC_INACTIVE state. 
	FFS: How is the assistance data structured 
	FFS: LPP enhancements needed for providing valid assistance data during the RRC_INACTIVE state.
FFS: How are the resources downselected from the “redundant” assistance data provided (e.g. via SDT signaling or via measurement / configurations)

Configuration and Triggering mechanism for positioning SRS 
In Rel. 16, the positioning SRS configuration was provided to the UE by the serving cell and could be assumed to be orthogonalised among the UEs served by the cell. Furthermore, SRS transmission would be discontinued when transiting to the RRC_INACTIVE or upon handover. 
The ability to transmit the SRS in RRC_INACTIVE mode requires that the configuration provided to the UE by the serving cell can be used within a validity area, e.g. a positioning system information area, if frequent state transitions to RRC_CONNECTED are to be reduced. This requires coordination of SRS configuration provided to different UEs at least among the cells within a validity area. One mechanism to reduce state transitions would be to configure the UE with several configurations of SRS and select one of them, depending on the current coarse location of the UE (e.g. the camped cell). 
There are multiple options how this could be realised:
Option 1: A set of parameters common to all UEs within a certain area (e.g. positioning system information area) for transmitting SRS in RRC_INACTIVE mode, supplemented by UE-specific parameters. 
FFS:  Mechanism for delivering the common parameters (e.g. via broadcast or via unicast during RRC_CONNECTED)
FFS:  Mechanism for delivering / deriving the UE-specific parameters
Option 2: Providing RRC_INACTIVE configurations as a part of RRCSuspend message. 
	FFS: Full/Partial configuration and size of it.
Option 3: Continuing using the configuration provided during RRC_CONNECTED, as long as the UE is within certain area (e.g. a group of cells) and as long as an expiry timer is running. 
A key point to consider is how the configuration shall be updated while the UE is in RRC_INACTIVE state. Especially if UL-only positioning methods (e.g. UL-TDOA) are being used, then the delivery of configuration may need frequent transition to RRC_CONNECTED. 
Observation 3: For RRC_INACTIVE positioning using uplink only methods, depending on the size or RNA,  frequent transition to RRC_CONNECTED state may be needed if SDT is not activated.
Furthermore, the size of configuration data that can be delivered as a part of suspendConfig may be a limiting factor. The full SRS configuration may not necessarily always fit to the RRC Release message. The best option would be to deliver several set of configurations to the UE during the RRC_CONNECTED state and update the UE with the set of configuration applicable for the current location. 
Observation 4: The size of configuration information that can be carried within the suspendConfig may be the limiting factor.  
Therefore, we propose that several configurations are provided to the UE during the RRC_CONNECTED state applicable to different coarse locations within the RNA. They may be partial configurations and some of the parameters may need to be explicitly signaled later to the UE or derived by the UE based on certain identifiers (FFS). 

Proposal 3: UE shall receive several configurations during the RRC_CONNECTED state, each with a validity scope and the UE shall be configured to determine the applicable configuration corresponding to its coarse location. 
FFS: Whether the configurations are full configurations or partial configurations (supplemented e.g. by suspendConfig or SDT).
FFS: Delivery mechanism (e.g. broadcast, SDT, unicast)
FFS: Trigger mechanism

Furthermore, depending on the deployment scenario, the power control and timing advance could play a role. For example, in an indoor factory scenario, a constant transmit power, or a power within a certain pre-determined range could be used, whereas for outdoor scenarios (e.g. macro cells), the power control RS may need to be adjusted based on UE-mobility. These physical layer issues shall be discussed in RAN1. 
Proposal 4: RAN2 shall send an LS to RAN1 to consider the following issues regarding transmission of SRS in RRC_INACTIVE state:
· Power control 
· Timing advance
· Triggering mechanism for activating and deactivating SRS

Conclusions 

In this contribution, we make the following observations about the assistance data for DL-PRS measurements in the RRC_INACTIVE state:
Observation 1: The assistance data provided for a UE may not correspond to the changes occurring during  the RRC_INACTIVE state - in some scenarios this could lead to the situation that the UE is unaware of DL-PRS from the most suitable TRPs for  the current location of the UE. 

Observation 2: An optimum selection of NR-SelectedDL-PRS-IndexList may be specific to a particular UE location within a RNA. Updates may require transition to RRC_CONNECTED state to receive the assistance data.

Observation 3: For RRC_INACTIVE positioning using uplink only methods, depending on the size or RNA,  frequent transition to RRC_CONNECTED state may be needed if SDT is not activated.

Observation 4: The size of configuration information that can be carried within the suspendConfig may be the limiting factor.  

Based on our observations, we make the following proposals:

Proposal 1: Support providing UE with assistance data describing the DL-PRS available within the RNA, some of which may be outside the hearability region of the UE at its current location (i.e. redundant assistance data).
· FFS: Whether the A/D received with a larger area scope (e.g. positioning system area) can be divided into A/D applicable to smaller area scope (e.g. cell-level), so that the AD corresponding to the area where the UE is camped can be triggered via SDT mechanism.
Proposal 2: Support providing the UE with assistance data during the RRC_CONNECTED state, which is applicable to the RRC_INACTIVE state. 
	FFS: How is the assistance data structured 
	FFS: LPP enhancements needed for providing valid assistance data during the RRC_INACTIVE state.
FFS: How are the resources downselected from the “redundant” assistance data provided (e.g. via SDT signaling or via measurement / configurations)

Proposal 2: UE shall receive several configurations during the RRC_CONNECTED state, each with a validity scope and the UE shall be configured to determine the applicable configuration corresponding to its coarse location. 
FFS: Whether the configurations are full configurations or partial configurations (supplemented e.g. by suspendConfig or SDT).
FFS: Delivery mechanism (e.g. broadcast, SDT, unicast)
FFS: Trigger mechanism

Proposal 3: RAN2 shall send an LS to RAN1 to consider the following issues regarding transmission of SRS in RRC_INACTIVE state:
· Power control 
· Determining timing advance
· Triggering mechanism for activating and deactivating SRS
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