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1. Abstract

This document analyzes UE behavior when Registration is rejected with 5GMM cause #27 (N1 mode not allowed).
2. Discussion
2.1. Introduction
 As per current specification, when the UE receives Registration Reject message with 5GMM cause #27, the UE disables its N1 mode capability.

TS 24.501: 

---

#27
(N1 mode not allowed).


The UE shall set the 5GS update status to 5U3 ROAMING NOT ALLOWED (and shall store it according to subclause 5.1.3.2.2) and shall delete any 5G-GUTI, last visited registered TAI, TAI list and ngKSI. Additionally, the UE shall reset the registration attempt counter and shall enter the state 5GMM-DEREGISTERED.LIMITED-SERVICE. If the message has been successfully integrity checked by the NAS, the UE shall set:

1)
the PLMN-specific N1 mode attempt counter for 3GPP access and the PLMN-specific N1 mode attempt counter for non-3GPP access for that PLMN in case of PLMN; or

2)
the SNPN-specific attempt counter for 3GPP access for the current SNPN in case of SNPN and the SNPN-specific attempt counter for non-3GPP access for the current SNPN;


to the UE implementation-specific maximum value.


The UE shall disable the N1 mode capability for the specific access type for which the message was received (see subclause 4.9).
---
After disabling N1 mode, the UE’s N1 mode remains disabled until:

· Power off and power on

· Implementation specific timer TG expiry. 
[TS 24.501 clause 4.5.1]
---

The UE shall re-enable the N1 mode capability when the UE powers off and powers on again, the USIM is removed or an entry of the "list of subscriber data" with the SNPN identity of the SNPN is updated.

---
[TS 23.122 claus 3.1]
---

The MS should maintain a list of PLMNs where the N1 mode capability was disabled due to receipt of a reject from the network with 5GMM cause #27 "N1 mode not allowed", as PLMNs where N1 mode is not allowed for 3GPP access. When the MS disables its N1 mode capability due to receipt of a reject from the network with 5GMM cause #27 "N1 mode not allowed":

-
the MS should add the identity of the PLMN to the list of PLMNs where N1 mode is not allowed for 3GPP access and should start timer TG if timer TG is not already running. The number of PLMNs that the MS can store where N1 mode is not allowed for 3GPP access is implementation specific, but it shall be at least one. The value of timer TG is MS implementation specific, but shall not exceed the maximum possible value of background scanning timer T as specified in clause 4.4.3.3.1;

-
in automatic PLMN selection the MS shall not consider PLMNs where N1 mode is not allowed for 3GPP access as PLMN selection candidates for NG-RAN access technology, unless no other PLMN is available. This does not prevent selection of such a PLMN if it is available in another RAT; 

-
if the MS is not configured to use timer T3245, the MS maintains a list of PLMN-specific N1 mode attempt counters for 3GPP access as specified in 3GPP TS 24.501 [64] and T3247 expires, then the MS removes for each PLMN-specific N1 mode attempt counter for 3GPP access that has a value greater than zero and less than the MS implementation-specific maximum value the respective PLMN from the list of PLMNs where N1 mode is not allowed for 3GPP access, as specified in clause 5.3.20.2 in 3GPP TS 24.501 [64]; and

-
the MS shall delete stored information on PLMNs where N1 mode is not allowed for 3GPP access when the MS is switched off, the USIM is removed or timer TG expires.
NOTE:
The expiry of timer TG does not cause a reset of the PLMN-specific N1 mode attempt counters for 3GPP access (see 3GPP TS 24.501 [64]).

---
Observation:
The UE cannot re-enables its N1 mode capability until power off/on or expiry of the implementation-specific timer.
2.2. Problem
Since 5GMM cause value #27 “N1 mode not allowed” can be used by the NW to reject a UE requesting service to 5GC, e.g. due to no subscription to 5GCN; 
Cause #27 – N1 mode not allowed


This 5GMM cause is sent to the UE if it requests service, or if the network initiates a de-registration request, in a PLMN or SNPN where the UE by subscription or operator policy, is not allowed to operate in N1 mode.

Sometimes, it is required that the UE is be able to access the 5GCN immediately after N1 mode becomes “allowed”. However, as described in subclause 2.1, the UE cannot access to 5GCN until the implementation-specific timer expires. That means, if the implementation specific timer value is of high value , then the user cannot connect to the 5GCN even if it is allowed, unless he/she powers off/on the UE manually. This would be much more problematic if the UE is IoT devices, since the user may not be able to power off/on the UEimmediately. 
Therefore, for better user experience, CT1 needs to find a solution to avoid such “downtime”.
2.3. Potential Solutions
Since the issue is the long “downtime”, the easy solution is to set the implementation specific time value to a short timer value (few minutes). However, if there is no 5GC subscription, that would result in frequent unnecessary re-registration attempt. That results in:

· Bad battely life, as the UE frequently search for a cell connected to 5GCN.
· Downtiime while registration re-attempt in 5GCN
Therefore, the easy solution to specify a low timer value, is unacceptable.

In previous CT1 meetings, some company has proposed that the timer value TG should be controled by the NW (see C1-205178 solution #3). However, that means the NW needs to know in advance “when the UE will be allowed to access to the 5GCN”. This is impossible since operators cannot predict when the user will change his/her 5GCN subscription.

Therefore, we propose that the NW can trigger the UE to re-enable its N1 mode capability, once the user subscription is changed in the HPLMN.

2.4. Proposed Solution
The simplest way is to define new signalling in EPC to re-enable the UE’s N1 mode capability. However, there is EPC impact and stage-2 impact if we adopt this solution. To avoid that, it is proposed that the UE re-enables its N1 mode when it receives perticular signalling in EPS, i.e. if the subscription status to 5G changes, the NW triggers re-attach procedure. Therefore, it is proposed that the UE re-enables its N1 mode capability when it receives DETACH REQUEST message with “re-attach required”.

Proposal:
The UE re-enables its N1 mode capability when it receives detach request message from the NW with re-attach required indicator.

