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1 Introduction

In RAN2#112 e-meeting, the following agreements on RRC idle/inactive UE positioning were achieved [1]:

In this contribution, we will discuss the positioning enhancements for RRC inactive state UE and provide some suggestions. 
2 Discussion
2.1 Positioning supported for RRC idle/inactive UE

In Rel-16, the NR positioning is only supported for RRC Connected state UE, in other words, RRC Idle and Inactive state UE has to transmit to RRC Connected state whenever the positioning is required. Obviously, this mechanism will increase the UE power consumption and positioning latency. RAN1 had agreed that NR positioning for UEs in RRC Inactive state is recommended for normative work. Regarding the positioning for UEs in RRC Idle, RAN1 thought it is feasible for a RRC Idle UE to perform DL positioning measurement. However, for RRC Idle UE, from the RAN2’s perspective, it can’t receive and send LPP message based on current mechanism since the RRC Idle UE don’t support small data transmission in RRC Idle state. Therefore, if NR positioning for UEs in RRC Idle state means UE will keep in RRC Idle state during the positioning procedure, we think it is not feasible for NR positioning for UEs in RRC Idle state in Rel-17.
Proposal 1: NR positioning for UEs in RRC IDLE state should not be supported in Rel-17.
2.2 Positioning for UEs in RRC INACTIVE state
2.2.1 How to acquire the positioning assistance data
For the positioning assistance information, the majority companies agreed that the following options can be further considered based on the email discussion [2]. 
· Option 1: The network broadcasts posSIB. 

· UE requests the system information if it is not broadcasted and acquires the assistance information by reading the system information; Note that in this case, no stage3 spec change is needed.

· Option 2: The LMF sends PRS assistance data via LPP message to UE

UE receives the LPP message in RRC_CONNECTED and keeps it when the UE moves to INACTIVE; Note that in this case, no stage3 spec change is needed

For option 2, if positioning is triggered when the UE is in RRC Connected state, the LMF will send the positioning assistance data to UE and UE saves it for using in RRC Inactive. If UE has not positioning requirement when the UE is in RRC Connected state, LMF may need to send positioning assistance data to UE without UE positioning. For the second case, after LMF sending positioning assistance data to UE, the UE positioning may be triggered, then LMF need to send positioning assistance data to UE once more, it will lead to resource waste. 
Therefore, besides option 2, we think following solution also can be considered for Inactive UE to get assistance data. 
The positioning assistance data can be delivered to UE when the UE is transmitting to RRC Inactive from RRC Connected. For example, the positioning assistance data including PRS configuration can be sent to gNB by LMF, and then gNB provides it to UE when UE transmits to RRC Inactive state from RRC Connected. 

Proposal 2: The positioning assistance data for RRC Inactive UE can be pre-configured to UE by gNB when UE is transmitting to RRC Inactive from RRC Connected.
2.2.2 How to initiate the location service request

For Rel-16 positioning, there are three options for location request [3].

Option 1: some entity in the 5GC (e.g. GMLC) requests some location service (e.g. positioning) for a target UE to the serving AMF.
Option 2: the serving AMF for a target UE determines the need for some location service (e.g. to locate the UE for an emergency call).
Option 3: the UE requests some location service (e.g. positioning or delivery of assistance data) to the serving AMF at the NAS level.
For all the options, the AMF will transfers the location service request to an LMF, then LMF instigates location procedures with the UE by using LPP procedures. However, for idle/inactive UE, there is no LPP connection between UE and LMF and UE couldn’t use NAS signalling to request location service. Regarding this issues, the majority companies agreed that the following options can be further considered based on the email discussion [2].
· Option1, RequestLocationInformation in RRC_CONNECTED

· The current spec can already support this with deferred MT-LR and there is no specification impact for this. The LMF can send the message to the UE while the UE is in CONNECTED by setting the type for the request as periodicalReporting and the UE can continue the measurement in IDLE/INACTIVE
If UE just has a single location request requirement, when the above solution is applied, it will lead more unnecessary UE power consuming since UE need to keep positioning measurement in inactive state. Therefore, besides this option, we think following solution also can be considered. 
The RequestLocationInformation message can be sent to UE when UE is in RRC Connected, and indicates this message to be used when UE transits to RRC Inactive. When UE positioning is triggered, the paging message could be considered for initiate the PRS measurement for inactive UE. The paging message may include positioning indication for triggering inactive UE to measure PRS. When UE receives the paging message, it can measure the PRS according to the positioning indication in paging message.
Based on the above discussion, we have the following proposal:

Proposal 3: The paging message could be used for triggering the PRS measurement for RRC Inactive UE.

2.2.3 How to perform location information transfer
In Rel-16, for DL positioning, the LPP procedure of the location information transfer will be used between UE and LMF. The location information transfer includes PRS measurements and/or location estimate. For example, the LMF sends a message to UE to request location information, indicating the type of location information needed and potentially the associated QoS, or UE to provide unsolicited location information to LMF.

For RRC inactive UE, there is no LPP message between UE and LMF. If the DL positioning is initiated, inactive UE need to provide the positioning measurements to gNB. 
According to the Rel-17 small data WI, the small data can be transmitted during the RACH procedure. So a straightforward way for inactive UE reporting the positioning measurement results and/or location is using the RACH procedure such as MSG A or MSG3. However, according to the SDT item, only user plane data can be transmitted during when UE is in inactive. If SDT is enhanced for inactive UE transmitting control plane data, the inactive UE can provide the positioning measurements to gNB based on SDT.
Proposal 4: If SDT mechanism supports RRC Inactive UE to transmit control plane data, the RRC Inactive UE can provide the positioning measurements to network based on SDT progress. 
Moreover, if SDT mechanism cannot support inactive UE to transmit control plane data, the inactive UE can provide the positioning measurements to network when it transits to RRC Connected. Compared with positioning results reporting during the RACH procedure, the positioning latency will be increased when UE reports the measurement results after transmitting to the connected state. 
Proposal 5: RRC Inactive UE can provide the positioning measurements to network when it transits to RRC Connected.

3 Conclusions 
In this contribution, we have discussed the positioning enhancements for RRC IDLE and INACTIVE state UE, based on the discussion, we have the following proposals:

Proposal 1: NR positioning for UEs in RRC IDLE state should not be supported in Rel-17.
Proposal 2: The positioning assistance data for RRC Inactive UE can be pre-configured to UE by gNB when UE is transmitting to RRC Inactive from RRC Connected.
Proposal 3: The paging message could be used for triggering the PRS measurement for RRC Inactive UE.

Proposal 4: If SDT mechanism supports RRC Inactive UE to transmit control plane data, the RRC Inactive UE can provide the positioning measurements to network based on SDT progress. 

Proposal 5: RRC Inactive UE can provide the positioning measurements to network when it transits to RRC Connected.
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Positioning measurement reporting (including location estimates for UE-based) should be supported in RRC_INACTIVE; involvement of SDT is FFS.  Reporting of specific measurements is pending RAN1 decision.
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