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1. Introduction

In [1], CT1 provided the following reply to RAN2 regarding PLMN ID during an RRC resume procedure:

Question 2: during a resume procedure, is the selected PLMN identity needed in resume complete message?
During a resume procedure on the (same) registered PLMN, the NAS is in connected mode and already registered with the PLMN that can be identified by the GUAMI that is part of the retrieved UE context at the gNB. Hence, the PLMN ID is not needed in the resume complete message for this case.

When the UE in NAS connected mode with RRC Inactive reselects to an equivalent PLMN and performs a resume procedure, the UE provides the selected PLMN ID in the resume complete message if network sharing is supported by the gNB.

The resume procedure does not apply for reselection to a PLMN that is not an equivalent PLMN since the NAS transitions to idle mode in this case.
In the incoming LS from RAN2 [2], the following is indicated regarding the resume procedure:
RAN WG2 would like to note that the complete message is present only when a UE is moved from RRC_INACTIVE to RRC_CONNECTED. There is however a use case when a UE performs periodic or triggered RAN area update procedure (i.e. there is no mobile originated user or control plane data), in response to which RAN can send a UE immediately back to RRC_INACTIVE. In other words, there is no complete message – only the resume request and response messages are exchanged. As a result, a UE is not able to report selected equivalent PLMN. 

In addition, RAN WG2 view is that inclusion of the selected PLMN into the resume request message would not be possible due to message size constraints.

This paper attempts to look at the scenario in which the UE performs a resume procedure but is sent back to RRC inactive and thus does not send any resume complete message, for which a mismatch with regards to the PLMN ID can occur i.e. between the UE selected PLMN ID and the last known PLMN ID at the AMF for this UE.
2. Discussion

The following is specified in TS 24.501 regarding the UE behaviour when in 5GMM-CONNECTED mode with RRC inactive indication:

Unless stated otherwise, the UE behaviour in 5GMM-CONNECTED mode with RRC inactive indication follows the UE behaviour in 5GMM-CONNECTED over 3GPP access, except that:

a)
the UE shall apply the mobility restrictions; and

b)
the UE shall perform the PLMN selection procedures
as in 5GMM-IDLE mode over 3GPP access.

The UE shall not trigger a transition from 5GMM-CONNECTED mode with RRC inactive indication to 5GMM-IDLE mode upon entering a new PLMN which is in the list of equivalent PLMNs.

Observation 1: the UE in 5GMM-CONNECTED mode with RRC inactive indication can reselect into a cell of an equivalent PLMN without transitioning to 5GMM-IDLE mode.
Given the above, this implies that if the UE has a TAI list of type “1 0” (see 9.11.3.9 of TS 24.501), then the UE has TAIs belonging to different PLMNs, specifically these PLMNs being equivalent PLMNs:
NOTE:
If the "list of TAIs belonging to different PLMNs" is used, the PLMNs included in the list need to be present in the list of "equivalent PLMNs". (Table 9.11.3.9.1 of TS 24.501)

Therefore, when the UE moves into a cell of an equivalent PLMN for which the TAI is already in the UE’s TAI list, then the UE does not perform a registration update.
Observation 2: a UE, with TAI list “1 0”, in 5GMM-CONNECTED mode with RRC inactive indication can reselect into a cell of an equivalent PLMN without transitioning to 5GMM-IDLE mode and without performing a registration procedure if the TAI of the reselected cell is in the UE’s TAI list.
Now on RRC resume procedure, the following [3] describes the case when a UE performs a resume procedure but is sent back to RRC inactive:

9.2.2.5
RNA update

The following figure describes the UE triggered RNA update procedure involving context retrieval over Xn. The procedure may be triggered when the UE moves out of the configured RNA, or at the expiry of a periodic RNA Update timer.
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Figure 9.2.2.5-1: RNA update procedure with UE context relocation

1.
The UE resumes from RRC_INACTIVE, providing the I-RNTI allocated by the last serving gNB and appropriate cause value, e.g., RAN notification area update.

2.
The gNB, if able to resolve the gNB identity contained in the I-RNTI, requests the last serving gNB to provide UE Context, providing the cause value received in step 1.
3.
The last serving gNB provides UE context.

4.
The gNB may move the UE to RRC_CONNECTED (and the procedure follows step 4 of Figure 9.2.2.4.1-1), or send the UE back to RRC_IDLE (in which case an RRCRelease message is sent by the gNB and the procedure ends), or send the UE back to RRC_INACTIVE as assumed in the following.

5.
If loss of DL user data buffered in the last serving gNB shall be prevented, the gNB provides forwarding addresses.

6./7. The gNB performs path switch.

8.
The gNB moves the UE back to RRC_INACTIVE state by sending RRCRelease with suspend indication.

9.
The gNB triggers the release of the UE resources at the last serving gNB.

Observation 3: the gNB may send the UE back to RRC inactive immediately after a resume procedure.
3. Problem

The issue of PLMN mismatch can occur when a gNB in the RAN-based notification area (RNA) supports network sharing as described below.

Consider the following scenario:

1. A UE is registered with an rPLMN and is provided with a TAI list of type “1 0” including TAIs associated with equivalent PLMNs e.g. ePLMN A and ePLMN B

2. The UE is in 5GMM-CONNECTED mode with RRC inactive indication in a first gNB 

3. The UE performs a cell reselection into a new gNB which supports network sharing as follows: PLMN A, PLMN B and PLMN C 
4. The UE may select ePLMN A or ePLMN B 
5. The UE performs RNA update but is sent back to RRC inactive 

In step 5), the UE does not send an RRC Resume Complete message and hence cannot inform the gNB of the selected PLMN ID (which can be either PLMN A or PLMN B).
As the AMF considers the UE to be in 5GMM-CONNECTED mode, if the AMF decides to run an authentication procedure, then the procedure will fail since the PLMN ID at the AMF and the UE are not the same:
· Last PLMN ID at AMF = rPLMN

· UE selected PLMN ID = ePLMN A or ePLMN B

Note that section 5.4.1.3.2 of TS 24.501 indicates:
The network may initiate a 5G AKA based primary authentication and key agreement procedure for a UE in 5GMM-CONNECTED mode at any time. For restrictions applicable after handover or inter-system change to N1 mode in 5GMM-CONNECTED mode, see subclause 5.4.1.2.3. 
i.e. the AMF can run authentication at any time for a UE in 5GMM-CONNECTED mode.
Furthermore, if the AMF sends an Authentication Request to the UE, the following steps occur for the delivery of the NAS message:

· The gNB performs RAN-based paging after receiving the NAS message from the AMF
· The UE transitions from 5GMM-CONNECTED mode with RRC inactive indication to 5GMM-CONNECTED mode (upon receiving an indication from the lower layers that the UE has transitioned to RRC_CONNECTED state)

Therefore, the UE receives the Authentication Request message after transitioning from 5GMM-CONNECTED mode with RRC inactive indication to 5GMM-CONNECTED mode.

4. Solution

The issue of PLMN mismatch has been avoided by the following rules that are currently specified in section 5.4.1.3.3 of TS 24.501:
Upon a successful 5G authentication challenge, the UE shall determine the PLMN identity to be used for the calculation of the new KAMF from the 5G authentication challenge data according to the following rules:

a)
When the UE moves from 5GMM-IDLE mode to 5GMM-CONNECTED mode, until the first handover, the UE shall use the PLMN identity of the selected PLMN; and

b)
After handover or inter-system change to N1 mode in 5GMM-CONNECTED mode,

1)
if the target cell is not a shared network cell, the UE shall use the PLMN identity received as part of the broadcast system information;

2)
if the target cell is a shared network cell and the UE has a valid 5G-GUTI, the UE shall use the PLMN identity that is part of the 5G-GUTI; and

3)
if the target cell is a shared network cell and the UE has a valid 4G-GUTI and TAI, but not a valid 5G-GUTI, the UE shall use the PLMN identity that is part of the TAI.

Case a) addresses a transition from 5GMM-IDLE to 5GMM-CONNECTED mode and is not applicable to the scenario described earlier.

Case b2) addresses a network sharing scenario but for handovers and is not applicable to the scenario described earlier.

However, a new rule can be specified for the identified problem. Specifically, if the UE uses the PLMN ID that is part of the 5G-GUTI after transitioning from 5GMM-CONNECTED mode with RRC inactive indication to 5GMM-CONNECTED mode, then the mismatch of PLMN ID can be avoided:
When the UE transitions from 5GMM-CONNECTED mode with RRC inactive indication to 5GMM-CONNECTED mode over 3GPP access in a shared network cell and the UE has a valid 5G-GUTI, the UE shall use the PLMN identity that is part of the 5G-GUTI.
Document C1-186353 introduces the text above to solve the identified problem, and hence it is proposed to agree that document.
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