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1
Introduction

As captured in [1], one of the design goals of a new radio access technology is to allow a UE to stay in "always connected" mode, which effectively embraces a number of scenarios such as initial establishment of connection and/or transition to a state when a UE can start exchanging data with the network. 
During the RAN2#98 meeting, a major decision was made that the NR technology will have a new state called INACTIVE, which is modelled as independent RRC state. In addition, the following agreement was achieved during RAN2#98 meeting:  
Agreement

1
AS support for PLMN selection (i.e. providing available PLMNs to NAS) for a UE in RRC_INACTIVE if SA2/CT1 confirm that PLMN selection is supported.
Further RAN2 sent LS to CT1 and SA2 informing the above agreements for confirmation [2]. In this contribution we present our views on PLMN selection when UE state is INACTIVE and the necessary work required in different group to support the functionality based on the reply LS from SA2 [3]. Further, CT1 replied it is desirable for the UE in CM-CONNECTED and RRC_INACTIVE to support PLMN selection, however CT1 requested confirmation on this service requirement from SA1 [4]. In the meantime RAN2 can progress further based on Proposals 2-4 in this contribution until receiving confirmation from SA1.
2
PLMN selection in INACTIVE
2.1
General discussion
The LTE UE mostly operates in RRC_IDLE mode (i.e. RRC connection is released and radio resources are released) and hence below mentioned NAS features are supported in EMM_IDLE mode without any issues: 

-
Manual PLMN Search

-
Higher priority PLMN Search

-
Out of service recovery i.e. lack of coverage

The NR system is going to have a new RRC state, called RRC_INACTIVE, for which the UE context is stored in RAN and the UE’s NAS is expected to remain in CM_CONNECTED mode. If we follow current LTE mechanism, then NAS will have to wait till it gets into CM_IDLE mode for above procedures, which may not happen for considerable amount of time impacting the above listed features
Observation#1: Re-using the LTE NAS model, the above mentioned NAS features cannot be supported when the UE state is CM_CONNECTED and RRC_INACTIVE.
2.2
Support for PLMN selection in AS
A. Manual PLMN Search:

Whenever UE triggers Manual PLMN search, UE’s NAS even though in CM_CONNECTED state due to RRC_INACTIVE state should send a PLMN List request to AS. Based on the request AS should be able to search the available PLMN’s in the area and provide the PLMN list to NAS. During the search process it is proposed that the UE should continue to remain in the RRC_INACTIVE state. 

B. Higher priority PLMN Search:

UE while camping on a VPLMN and if it is not the highest preferred priority PLMN in the area UE will keep searching for higher priority PLMN periodically. Again here NAS will send PLMN List request to AS. Based on the request AS should be able to search the available PLMN’s in the area and provide the PLMN list to NAS. During the search process it is proposed that the UE should continue to remain in the RRC_INACTIVE state.  

C. Out of service recovery:

When UE loses service (i.e. not able to find suitable cell for camping) and AS declares OoS, the AS will provide NO Service indication to NAS (implementation aspect). The question to be answered is whether UE AS will continue to remain in RRC_INACTIVE state maintaining the UE context? In such situation NAS is expected to run Out of service (OoS) recovery timer and at the expiry of OoS timer (again implementation aspect), NAS will trigger RPLMN Search request to AS. AS will search for RPLMN:

-
If RPLMN is found and paging area update timer has not yet expired then UE can camp back to RPLMN and remain in INACTIVE state. Further no action required.

-
If RPLMN is found but paging area update timer has expired then AS shall trigger RAN Paging area update procedure and after successful execution of PAU network if required can direct UE to come back to INACTIVE state.

-
If no PLMN is available then AS will again report NO PLMN’s available to NAS. NAS will again start the OoS timer by incrementing the timer and trigger PLMN search upon OoS expiry. 

-
If PLMN say “P1” other than RPLMN is found that is reported to NAS. NAS will then trigger a PLMN Search request on the reported PLMN which results in UE camping on a cell of PLMN “P1”. 

Based on above discussion and the response in the SA2 reply LS [4] “From overall system design perspective, SA2 believes PLMN selection in RRC_INACTIVE should be supported. However, SA2 recognizes that PLMN selection procedures are defined by CT1, and would like CT1 to confirm.” we propose:
Proposal#1a: PLMN selection in NAS should be supported when a UE is in CM_CONNECTED and RRC_INACTIVE state.

Proposal#1b: In RRC_INACTIVE, if UE receives request from NAS for PLMN search, AS initiates search for available PLMN’s and provide the PLMN list to NAS.
2.2 When to leave RRC_INACTIVE state 

When PLMN list is received by NAS layer (either as the outcome of the NAS request or through the AS autonomous functioning), it is possible that NAS layer does not trigger any further action as explained below: 
-
For Manual search when list is provided to user. User may choose not to select any new PLMN or switch back to Automatic mode of operation.

-
For higher priority PLMN search when list is provided to NAS, it is possible NAS could not find a PLMN which is having higher priority than currently camped RPLMN. 

-
During OoS recovery no PLMN is found by AS.

In all the above cases in our view it is not a good idea to leave the RRC_INACTIVE state when the NAS made the first PLMN list request because the outcome is that UE will come back to the initial state where PLMN List request was started. Thus it is proposed that when NAS triggers PLMN list request for any of the above listed features UE shall not leave the RRC_INACTIVE state.

Proposal#2: In RRC_INACTIVE state, when AS initiates PLMN search triggered by NAS layer, UE shall continue to remain in the RRC_INACTIVE state even when NAS do not trigger any further action.

While executing above features UE’s NAS layer will request the AS layer to provide the list of available PLMN’s. When PLMN list is received by NAS layer it is possible that NAS layer trigger search for PLMN which is not RPLMN while AS continues to remain in RRC_INACTIVE state: 

-
For Manual search when list is provided to user. User can choose to select some other PLMN to avail service triggering cell selection on such PLMN different from RPLMN.

-
For higher priority PLMN search when list is provided to NAS, it is possible NAS finds a PLMN which is having higher priority to avail services for the UE. Thus it triggers cell selection on such PLMN different from RPLMN.

-
During OoS recovery RPLMN is not found but some other PLMN is found in the area triggering cell selection on such PLMN different from RPLMN.

-
During OoS recovery if no PLMN is found and the RAN location area update (RLAU) timer has expired.

For above cases when PLMN search is triggered by NAS for a PLMN which is not RPLMN and AS perform camping on a cell of that PLMN then UE can leave RRC_INACTIVE state and remove the stored context while transitioning to RRC_IDLE. Similarly when NAS triggers search for limited service camping UE can leave the RRC_INACTIVE state.

Proposal#3: In RRC_INACTIVE state, when PLMN search triggered by NAS results in cell selection on a cell belonging to a PLMN other than the RPLMN and EPLMN; UE leaves RRC_INACTIVE state and delete the stored context while transitioning to RRC_IDLE.
Proposal#4: In RRC_INACTIVE state, when PLMN search triggered by NAS results in no suitable cell available for camping and the periodic RAN location area update (RLAU) timer expires; UE leaves RRC_INACTIVE state and delete the stored context while transitioning to RRC_IDLE.

2.3
Specification impact analysis
Referring to existing wireless technologies defined by 3GPP, such as UMTS and LTE, it is worth noting that the PLMN selection procedure involves RAN WG2 and CT WG1 specifications. To be more precise, TS 23.122 specification is the common one for both UMTS and LTE (and so it can be for NR) defining the major principles and rules on how NAS selects PLMN based on the list of available PLMNs. In turn, a list of available PLMNs comes from the AS layer, which can be either requested by NAS or can be autonomously provided by AS (e.g. during the cell re-selection process). This particular piece of functionality is reflected in TS 25.304 and 36.304 (with almost exactly the same wording).

It is worth noting that the UMTS system has CELL_PCH and URA_PCH states, in which a UE can also perform the PLMN selection procedure. The way it is captured in the 3GPP specifications is as follows:
-
In TS 25.331 sub-clause 7.2.2.1, there is an explicit statement for CELL_PCH and URA_PCH to "perform a periodic search for higher priority PLMNs as specified in [25]";
-
In TS 23.122 section 1, it is additionally clarified that "The conditions when the idle mode functions are performed by an MS in the UTRA RRC connected mode states are specified in 3GPP TS 25.331 [33].".
Based on the presented analysis it is possible to arrive at the following conclusion with regards to how PLMN selection can be captured for the NR INACTIVE state:
-
TS 23.122 will specify exact rules for selecting a particular PLMN. This specification can remain common for NR and other wireless technologies specified by 3GPP.
-
TS 38.304 will mention that AS can pass PLMN information to NAS and act upon requests from NAS (same as it has been for UMTS and LTE).
-
An additional note/clarification should be added for the NR INACTIVE state. RAN WG2 can discuss and agree jointly with CT WG1 where this clarification is captured.
3 Conclusion
Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Observation#1: Re-using the LTE NAS model, the above mentioned NAS features cannot be supported when the UE state is CM_CONNECTED and RRC_INACTIVE.
Proposal#1a: PLMN selection in NAS should be supported when a UE is in CM_CONNECTED and RRC_INACTIVE state.

Proposal#1b: In RRC_INACTIVE, if UE receives request from NAS for PLMN search, AS initiates search for available PLMN’s and provide the PLMN list to NAS.
Proposal#2: In RRC_INACTIVE state, when AS initiates PLMN search triggered by NAS layer, UE shall continue to remain in the RRC_INACTIVE state even when NAS do not trigger any further action.

Proposal#3: In RRC_INACTIVE state, when PLMN search triggered by NAS results in cell selection on a cell belonging to a PLMN other than the RPLMN and EPLMN; UE leaves RRC_INACTIVE state and delete the stored context while transitioning to RRC_IDLE.
Proposal#4: In RRC_INACTIVE state, when PLMN search triggered by NAS results in no suitable cell available for camping and the periodic RAN location area update (RLAU) timer expires; UE leaves RRC_INACTIVE state and delete the stored context while transitioning to RRC_IDLE.
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