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Abstract of the contribution: this contribution clarifies the location report procedure for UE in RRC inactive mode.
1. Introduction
The location report procedure gives network the cell-level granularity of UE: when the 5GCN needs a more detailed location information of UE for the purposes such as emergency services, LI or charging, it sends the location report control message to the RAN. And the RAN will report the UE’s camping cell one or more times based on the received control information from AMF [1], when UE is in CM-CONNECTED state.   
Meanwhile, the introduction of RRC Inactive gives the network a simple yet effective way to strike a balance between the power consumption and connection reestablishment time. The RAN node may determine the RAN Notification Area (RNA) for the UE in RRC Inactive, and when UE turns into RRC-Inactive state, the UE can move within the RNA without notifying the network, which is as Figure 1 shows. 
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Figure 1. Possible RNA of UE in CM-CONNECTED RRC Inactive mode. 
As a result, the RAN cannot provide the cell-granularity information of UE in CM-CONNECTED RRC Inactive state, and the Editor’s Note is presented in [1]:

“ …
Editor's note:
How to handle UE location accuracy when the UE is in CM-CONNECTED with RRC Inactive state is FFS.  
…”
In this document, the solution is proposed to deal with this Editor’s Note according to the discussion in NGA0156b. 

2. Analysis
2.1 Solutions
In order to deal with the problem, three possible solutions and their advantages and disadvantages, are listed in the table below:

Table 1. Possible alternatives to deal with the EN.

	Solution description
	Advantage
	Disadvantage

	SOLUTION 1：

RAN will not enable RRC inactive mode for the UE, when the location report is activated. (No RNA issue)
	It is easy to implement, since the RAN node has both of the location report subscription information and it can also determines if the UE can turn into RRC inactive mode. 
	UE cannot enjoy the advantage of RRC inactive. 

	SOLUTION 2：
When determining the RNA area, the RAN sets the RNA as cell granularity: each RNA is made up by a single cell. 
	The UE can get into RRC inactive even though the network calls the location report procedure. And the 5GCN can have the accurate location information via location report control message.
	Only applicable for “low-mobility” UE, since when UE moves fast, UE has to conduct RAN-paging frequently. 

	SOLUTION 3：
RAN calculates the RNA without considering the location report related issue, and the RNA can be multi-cell then. When UE is in RRC Inactive and RAN receives the location report control message, the RAN will return the last known location and with the indication that indicates UE is in RRC Inactive. 
	No big change for the current procedure, since the moving profile of the inactive mode UE is unknown to the RAN. 
	The moving profile of the inactive mode UE is unknown to the RAN and the CN. For use cases like UDM initiated query for current location, this solution does not help (similar to HSS initiated current location query as specified in section.

	SOLUTION 4：
RAN calculates the RNA without considering the location report related issue, and the RNA can be multi-cell then. When UE is in RRC Inactive and RAN receives the location report control message, the RAN will page the UE and include the most up-to-date TAI+Cell id in the location report message.
	Compare with solution 3, when UE in RRC Inactive, the RAN can also return the accurate location information for the one-time location report type. 
	There is no strong motivation to return the accurate location, moreover, if the accurate location information is returned when “UE is in RRC Inactive and RAN receives the location report control message” then the RAN should also return the accurate location for all kinds of location control message (e.g., the location report message received before UE turns into RRC-Inactive, or the location report is not stand-alone). 


2.2 Analysis
Based on the discussions in S2-175849, solution 3 is chosen: the RAN calculates RAN Notification Area regardless of whether it has received the location report control message or not, and RAN will cease reporting the location after UE getting into RRC Inactive: 
· When the UE is in RRC Inactive and the RAN receives Location report control message, RAN will return last known location of UE, and such information is along with an indication that indicates that UE is in RRC inactive. The AMF can adapt its behaviour when the RAN indicates UE is in RRC Inactive.
Therefore, when UE is in RRC Inactive state, the UE location information that AMF will have after sending the location report control message is the UE’s last know location (i.e., the position at which UE turned into RRC Inactive). 
On the other hand, in Section 5.4.2 in TS 23.501, it is mentioned that:
“

… For a UE in CM-CONNECTED state:

-
the AMF knows the UE location on a serving (R)AN node granularity.

-
the NG-RAN notifies the AMF when UE becomes unreachable from RAN point of view.

UE RAN reachability management is used by RAN for UEs in RRC Inactive state, see TS 38.300 [27]. The location of a UE in RRC Inactive state is known by the RAN on a RAN Paging Area granularity. A UE in RRC Inactive state is paged in cells of the RAN Paging Area that is assigned to the UEs. The RAN Paging Area can be a subset of cells configured in UE's Registration Area or all cells configured in the UE's Registration Area. UE in RRC Inactive state performs Paging Area Update when entering a cell that is not part of the RAN Paging Area that is assigned to the UE.
…”
As a result, the UE location accuracy when the UE is in CM-CONNECTED with RRC Inactive state, can be described as follows:
Proposal: The UE location accuracy when UE in RRC Inactive state is summarized as follows:

When UE is in CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message from AMF, the RAN shall send a Location Report message to AMF with UE’s last known location and an indication that indicates UE is in RRC Inactive.
3.     Proposal
It is proposed to modify the related parts in TS23.501.
* * * * Begin of First Changes * * * * 
5.3.3.2.5
CM-CONNECTED with RRC Inactive state

RRC Inactive state applies to NG-RAN (i.e. it applies to NR and E-UTRA connected to 5G CN).

The AMF, based on network configuration may provide assistance information to the NG RAN, to assist the NG RAN's decision whether the UE can be sent to RRC Inactive state.

Editor's note:
It is FFS if the UE provides indication of support for RRC inactive state on NAS or AS layer.

The "RRC Inactive assistance information" includes:

-
UE specific DRX values.

-
the Registration Area provided to the UE;
-
Periodic Registration Update timer

-
If the AMF has enabled MICO mode for the UE, an indication that the UE is in MICO mode.
The CN assistance information mentioned above is provided by the AMF during N2 activation with the (new) serving NG RAN node (i.e. during Registration, service request, handover) to assist the NG RAN's decision whether the UE can be sent to RRC Inactive state. RRC Inactive is part of RRC state machine, and it is up to the RAN to determine the conditions to enter RRC Inactive state.
Editor's note:
The mechanism to update the CN assistance info to RAN while the UE is CM-CONNECTED e.g. to update the TAI-list is FFS, but it is assumed that protocol functions are available that allow the update of UE Context data at RAN.

When the UE is in CM-CONNECTED state, if the AMF has provided RRC Inactive assistance information, the RAN node may decide to move a UE to CM-CONNECTED with RRC Inactive state.
The state of the N2 and N3 reference points are not changed by the UE entering CM-CONNECTED with RRC Inactive state. A UE in RRC inactive state is aware of the RAN notification area.
The 5GC network is not aware of the UE transitions between CM-CONNECTED with RRC Connected and CM-CONNECTED with RRC Inactive state.
Editor's note:
It is FFS if CN needs to receive notifications from RAN that may be related to RRC state transitions (e.g. related to location accuracy, reachability, etc.). The need for such notifications is to be discussed on case by case basis.

At transition into CM-CONNECTED with RRC Inactive state, the UE applies with a periodic RAN-based Location Area update timer value and the timer is restarted in the UE and in the RAN as defined in TS 38.300 [27].

Editor's note:
The value of the periodic RAN area update timer will be defined together with RAN WGs.

If the periodic RAN-based Location Area update timer expires in RAN, the RAN shall start an RRC release timer. If the RRC release timer expires, the RAN shall notify the AMF and the AMF shall enter CM-IDLE state.

When the UE is in CM- CONNECTED with RRC inactive state, the UE is expected to perform PLMN selection procedures as defined in TS 23.122 [17] for CM-IDLE.

Editor's note:
CT1 will confirm the requirement and details of PLMN selection in RRC-INACTIVE state.
When the UE is CM-CONNECTED with RRC Inactive state, the UE may resume the RRC connection due to:

-
Uplink data pending;

-
Mobile initiated signalling procedure (e.g. periodic registration update);

-
As a response to RAN paging;

-
Notifying the network that it has left the RAN Paging area;

-
Upon periodic RAN update timer expiration.

If the UE resumes the connection in a different NG-RAN node within the same PLMN, the UE AS context is retrieved from the old NG RAN node and a procedure is triggered towards the CN (see TS 23.502 [3]).
Editor's note:
How to handle the case of persistent RAN paging failure, e.g. whether to release the N2 connection and notify the AMF so that the AMF shall enter CM-IDLE state is FFS.

Editor's note:
Whether and how access control/barring applies for UE in CM-CONNECTED with RRC Inactive state is FFS.

If a UE is in CM-CONNECTED with RRC Inactive state performs cell selection to GERAN/UTRAN/EPS, it shall follow idle mode procedures.

Editor's note:
The handling of mobility from NR to E-UTRAN connected in EPC, in RRC Inactive state in RAN is FFS.

In addition, a UE in CM-CONNECTED state with RRC Inactive state shall enter CM-IDLE mode and follow relevant NAS procedure in the following cases:

-
If RRC resume procedure fails,

If the UE receives Core Network paging,

-
If the periodic RAN-based Location Area update timer expires and the UE cannot successfully resume the RRC connection.
-
in any other failure scenario that cannot be resolved in RRC Inactive mode and requires the UE to move to CM-IDLE mode.

When UE is in CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message from AMF with the reporting type indicating single stand-alone report, the RAN shall perform RAN paging before reporting the location to AMF.

When UE is in CM-CONNECTED with RRC Inactive state, if RAN has received Location Reporting Control message from AMF with the reporting type indicating continuously reporting whenever the UE changes cell, the RAN shall send a Location Report message to AMF including UE’s last known location with time stamp.
* * * * End of First Changes * * * * 
4. Reference
[1]. TS 23.501, Section 5.3.3.2.5, CM-CONNECTED with RRC Inactive state, version 1.2.0.
3GPP

SA WG2 TD



