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1. Background
In S2-161160, SA2 agreed on a new trigger for Attach Reject by the MME:

If the UE has included the Preferred Network Behaviour, and what the UE indicated it supports in Preferred Network Behaviour is incompatible with the network support e.g. the UE indicated support only for Control Plane CIoT EPS optimisation and the MME only supports User Plane CIoT EPS optimisation, the MME shall reject the Attach Request with an appropriate cause value (e.g. one that avoids retries on this PLMN).


CT1 needs to specify the stage-3 solution for this requirement. The CR in C1-162154 in CT1#97 proposed to define a new cause value “requested EPS optimisation not supported”. While some companies supported this solution, other companies expressed the view that re-using one of the existing cause values would be preferred.
The objective of this paper is to initiate the discussion in view of making a group decision in CT1 about which cause value to adopt for attach rejects due to incompatibility between the PNB and the SNB. Specifically, the paper provides three alternatives. The CRs implementing each of the three alternatives are available in C1-162685, C1-162694 and C1-162695. 

2. Attach reject scenarios

According to S2-162051:

An E-UTRAN cell for a PLMN that supports CIoT enhancements shall broadcast:

For the NB-IoT case:
· Whether it can connect to an MME which supports EPS Attach without PDN Connectivity.


For the WB-E-UTRAN case:
· Whether it supports Control Plane CIoT EPS Optimisation and it can connect to an MME which supports Control Plane CIoT EPS Optimisation.

· Whether it supports User Plane CIoT EPS Optimisation and it can connect to an MME which supports User Plane CIoT EPS Optimisation.

· Whether it can connect to an MME which supports EPS Attach without PDN Connectivity.


If the PLMN does not advertise support of EPS attach without PDN connectivity and the UE can only attach without PDN connectivity, then the UE shall not attach to the PLMN in this cell and shall proceed as specified in TS 23.122[10].

In the case of WB-E-UTRAN, if the PLMN does not support Control Plane CIoT EPS Optimisation, and the UE only supports Control Plane CIoT EPS Optimisation and cannot otherwise attach, then the UE shall not proceed with the Attach to the PLMN in this cell and shall proceed as specified in TS 23.122[10].

The following considerations stem from the SA2/CT1 agreements:

· Network and UE support for CP CIoT optimisation is mandatory in NB-S1 mode; and

· UE and network support for UP CIoT optimisations entails the support for S1-U data transfer.
Based on the above it appears that: 

· The scenario described in S2-161160, i.e. attach reject when the UE indicated support only for Control Plane CIoT EPS optimisation and the MME only supports User Plane CIoT EPS optimisation, should not occur, because the UE would not even attempt to attach in this scenario, based on the broadcast indications.
· The only scenarios in which the UE could get attach reject due to incompatibility between PNB and SNB, that could not be identified by the UE before initiating attach based on the indications broadcast by RAN, are:

· UE requests SMS without combined attach and the MME does not support it;
· UE in WB-S1 mode supports S1-U data transfer only and the MME only indicates support for CP-CIoT (MME does not support S1-U data transfer).
Observation 1: The only two scenarios in which the attach reject may occur due to incompatibility between PNB and SNB are: 1) UE requests SMS without/combined attach and 2) UE in WB-S1 mode supports only S1-U data transfer, and the network does not support it. 
2. Alternative 1 – new cause value

This option specifies a new cause value “requested EPS optimisation not supported” to be returned to the UE by the MME in the ATTACH REJECT message. This cause value would be assigned a new number and would have its dedicated UE behavior. This option is described in the CR to 24.301 in C1-162685.
3. Alternative 2a and Alternative 2b – re-use an existing cause value
This option consists in overloading an existing cause value so that it also applies to the case of the attach reject due to incompatibility between PNB and SNB. The cause values shown in the table below are good candidates. The description of these cause values in TS 24.301 is shown in the Appendix. The table provides the UE behavior associated with each cause value absed on TS 24.301. In addition to the table, for all these cause values, the UE is required to set its EPS update status to EU3: ROAMING NOT ALLOWED, which reflects roaming and subscription restrictions (cf. TS 24.301). 
	Cause value
	UE behavior
	Forbidden list 
	Start T3245?
	Enter state

	#11, #35
	Delete any GUTI, last visited registered TAI, TAI list, eKSI. 
Delete list of equivalent PLMNs. 

Reset the attach attempt counter.
	Store PLMN in “forbidden PLMN list”
	Yes
	EMM-DEREGISTERED.PLMN-SEARCH
Perform PLMN selection

	#14
	Delete any GUTI, last visited registered TAI, TAI list, eKSI.

Delete list of equivalent PLMNs. 

Reset the attach attempt counter.
	Store PLMN in “forbidden PLMNs for GPRS service”
	Yes
	EMM-DEREGISTERED.PLMN-SEARCH
Perform PLMN selection

	#12
	Delete any GUTI, last visited registered TAI, TAI list, eKSI. 

Reset the attach attempt counter.
	Store the current TAI in the list of "forbidden tracking areas for regional provision of service"
	No
	EMM-DEREGISTERED.LIMITED-SERVICE.

	#13
	Delete any GUTI, last visited registered TAI, TAI list, eKSI. 

Delete list of equivalent PLMNs. 

Reset the attach attempt counter.
	Store the current TAI in the list of "forbidden tracking areas for roaming"
	No
	EMM-DEREGISTERED.LIMITED-SERVICE or

EMM-DEREGISTERED.PLMN-SEARCH
Perform PLMN selection

	#15
	Delete any GUTI, last visited registered TAI, TAI list, eKSI. 

Reset the attach attempt counter.
	Store the current TAI in the list of "forbidden tracking areas for roaming"
	No
	EMM-DEREGISTERED.LIMITED-SERVICE.

Perform search for a suitable cell in another tracking area.


The cause values could be filtered based on the following criteria:
1. Per-TA rejection (#12, #13, #15) or per-PLMN rejection (#11, #14, #35)
2. Once the TA/PLMN is forbidden should it be 

a. permanent (#11, #12, #35); or
b. until switch off/USIM swap (#13, #14, #15)?

3. Upon rejection, should the UE:

a. perform PLMN search immediately after reject (#11, #13, #14, #35); 
b. try another TA in the same PLMN (#15); or
c. wait for next PLMN search (#12).

There seem to be two viable options:

1) Per-TA rejection; 

2) b; 

3) b.

Alternative 2a: cause value #15 (this option is described in the CR to 24.301 in C1-162694) 
1) Per-PLMN rejection; 
2) b; 
3) a.
Alternative 2b: cause value #14 (this option is described in the CR to 24.301 in C1-162695)
4. Comparison
The main advantage of Option 1 is the clarity in terms of the reason for the reject, which could lead to more fine-tuned UE and/or user behavior. Specifically, the UE would be able to provide more information to the user, e.g. during manual PLMN selection or user reselection. The main disadvantage is in the implementation effort involved.

The main advantage of Options 2a/2b is the re-use of the cause value and the existing UE behaviour. The main disadvantage of this option is that the legacy cause values are related to subscription/roaming-related rejects. On the other hand, the rejects due to incompatibility between the PNB and the SNB are unrelated to subscription and roaming. 

Between Options 2a and 2b, the choice depends mainly on whether CIOT capabilities at the network side are expected to be homogeneous within a network, or vary per TA.
5. Proposal
It is proposed to discuss and agree on the preferred alternative for the cause value for attach reject due to incompatibility between the PNB and the SNB. Three CRs implementing the three alternatives described in sections 2 and 3 are available in C1-162685, C1-162694 and C1-162695.
Appendix

Cause #11 – PLMN not allowed

     This EMM cause is sent to the UE if it requests service, or if the network initiates a detach request, in a PLMN where the UE, by subscription or due to operator determined barring, is not allowed to operate.
Cause #12 – Tracking area not allowed

     This EMM cause is sent to the UE if it requests service, or if the network initiates a detach request, in a tracking area where the HPLMN determines that the UE, by subscription, is not allowed to operate.
NOTE 1: If EMM cause #12 is sent to a roaming subscriber the subscriber is denied service even if other PLMNs are available on which registration was possible.

Cause #13 – Roaming not allowed in this tracking area


This EMM cause is sent to an UE which requests service, or if the network initiates a detach request, in a tracking area of a PLMN which by subscription offers roaming to that UE but not in that tracking area.

Because #14 – EPS services not allowed in this PLMN

     This EMM cause is sent to the UE which requests service, or if the network initiates a detach request, in a PLMN which does not offer roaming for EPS services to that UE.
NOTE 2: Since only one list of forbidden PLMNs for packet services is maintained in the UE, then the "forbidden PLMNs for GPRS service" is the maintained list and the forbidden PLMNs for EPS service is equivalent to it.

Cause #15 – No suitable cells in tracking area

     This EMM cause is sent to the UE if it requests service, or if the network initiates a detach request, in a tracking area where the UE, by subscription, is not allowed to operate, but when it should find another allowed tracking area or location area in the same PLMN or an equivalent PLMN.
NOTE 3: Cause #15 and cause #12 differ in the fact that cause #12 does not trigger the UE to search for another allowed tracking area on the same PLMN.

Cause #35 – Requested service option not authorized in this PLMN
    
This EMM cause is sent to the UE if it requests in a PLMN a service option for which it is not authorized, , e.g. if it attempts to attach for relay node operation in a PLMN with a USIM which does not belong to a relay node-specific subscription.
