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1. Introduction
This paper discusses about the behaviour of the UE operating in CS/PS mode 2 of operation or which does not support non-EPS services(i.e., EPS only UE)  in the case that the UE operating in CS/PS mode 1 of operation with “IMS voice not available” disables E-UTRA capability(i.e., attempt counter reaches to 5 or receiving Attach Reject with EMM cause #18 “CS domain not available”.
2. Background
Below table indicates how the UE operates(i.e., which RAT the UE will camp on and whether E-UTRA capability is disabled or not) in the following cases.

Case1: Attempt counter reaches to 5 due to Attach / TAU procedure does not succeed

Case2: Attempt counter reaches to 5 due to Attach / TAU Accept for EPS services only
Case3: The UE receives Attach / TAU Accept with EMM cause #18 “CS domain not available”
	
	Case1: 

Attempt counter reaches to 5 due to Attach / TAU procedure does not succeed
	Case2: 

Attempt counter reaches to 5 due to Attach / TAU Accept for EPS services only
	Case3: 

Attach /TAU Accept(#18)

	CS/PS mode 1 of operation with “IMS voice not available”
	· move to UTRAN or GERAN

· may disable E-UTRA capability
· see[5](for Attach) and [10](for TAU)
	· move to UTRAN or GERAN

· disable E-UTRA capability
· see[2], [4](for Attach) and [7], [9](for TAU)
	· move to UTRAN or GERAN

· disable E-UTRA capability
· see[3](for Attach) and [8](for TAU)

	CS/PS mode 1 of operation with “IMS voice available”
	· move to UTRAN or GERAN

· may disable E-UTRA capability

· see[5](for Attach) and [10](for TAU)
	· stay in LTE and start T3402

· not disable E-UTRA capability
· see[2], [4](for Attach) and [7], [9](for TAU)
	· stay in LTE 

· not disable E-UTRA capability
· see[3](for Attach) and [8](for TAU)

	CS/PS mode 2
	· stay in LTE and start T3402

· not disable E-UTRA capability for Attach procedure
· may disable E-UTRA capability for TAU procedure

· see[1](for Attach) and [6](for TAU)
	· stay in LTE and start T3402

· not disable E-UTRA capability

· see[2], [4](for Attach) and [7], [9](for TAU)
	· stay in LTE
· not disable E-UTRA capability
· see[3](for Attach) and [8](for TAU)

	EPS only
	· stay in LTE and start T3402

· not disable E-UTRA capability

· see[1](for Attach) and [6](for TAU)
	· not specified
	· not specified


[1] TS 24.301 section 5.5.1.2.6
Abnormal cases in the UE
-
If the attach attempt counter is equal to 5:

-
the UE shall delete any GUTI, TAI list, last visited registered TAI, list of equivalent PLMNs and KSI, shall set the update status to EU2 NOT UPDATED, and shall start timer T3402. The state is changed to EMM-DEREGISTERED.ATTEMPTING-TO-ATTACH or optionally to EMM-DEREGISTERED.PLMN-SEARCH in order to perform a PLMN selection according to 3GPP TS 23.122 [6]; and

-
If A/Gb mode or Iu mode is supported by the UE, the UE shall in addition handle the GMM parameters GMM state, GPRS update status, P-TMSI, P-TMSI signature, RAI and GPRS ciphering key sequence number as specified in 3GPP TS 24.008 [13] for the abnormal case when a normal attach procedure fails and the attach attempt counter is equal to 5.

[2] TS24.301 section 5.5.1.3.4.3
Combined attach successful for EPS services only
#16
(MSC temporarily not reachable); or

#17
(Network failure)


The UE shall stop timer T3410 if still running, and shall enter state MM IDLE. The tracking area updating attempt counter shall be incremented, unless it was already set to 5.


If the tracking area updating attempt counter is less than 5:

-
the UE shall start timer T3411, shall set the EPS update status to EU1 UPDATED and shall enter state EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM. When timer T3411 expires the combined tracking area updating procedure indicating "combined TA/LA updating with IMSI attach" is triggered.


If the tracking area updating attempt counter is equal to 5:

-
a UE operating in CS/PS mode 2 of operation and a UE operating in CS/PS mode 1 of operation with "IMS voice available" shall start timer T3402, shall set the EPS update status to EU1 UPDATED and shall enter state EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM. When timer T3402 expires the combined tracking area updating procedure indicating "combined TA/LA updating with IMSI attach" is triggered;

-
a UE operating in CS/PS mode 1 of operation with "IMS voice not available" shall attempt to select GERAN or UTRAN radio access technology and proceed with appropriate MM or GMM specific procedures and disable the E-UTRA capability (see subclause 4.5).
[3] TS24.301 section 5.5.1.3.4.3
Combined attach successful for EPS services only
#18
(CS domain not available)


The UE shall stop timer T3410 if still running, shall reset the tracking area updating attempt counter, shall set the EPS update status to EU1 UPDATED and shall enter state EMM-REGISTERED.NORMAL-SERVICE.


The UE shall enter state MM IDLE and shall set the update status to U2 NOT UPDATED.


A UE in CS/PS mode 1 of operation with "IMS voice not available" shall attempt to select GERAN or UTRAN radio access technology rather than E-UTRAN for the registered PLMN or equivalent PLMN and disable the E-UTRA capability (see subclause 4.5).

A UE in CS/PS mode 2 of operation and a UE operating in CS/PS mode 1 of operation with "IMS voice available" may provide a notification to the user or the upper layers that the CS domain is not available.


The UE shall not attempt combined attach or combined tracking area update procedure with current PLMN until switching off the UE or the UICC containing the USIM is removed.

[4] TS24.301 section 5.5.1.3.6
Abnormal cases in the UE
2)
if the combined attach was successful for EPS services only and the ATTACH ACCEPT message contained an EMM cause value not treated in subclause 5.5.1.3.4.3 or the EMM cause IE is not included in the message, the UE shall proceed as follows:

a)
The UE shall stop timer T3410 if still running, and shall enter state MM IDLE. The tracking area updating attempt counter shall be incremented, unless it was already set to 5;

b)
If the tracking area updating attempt counter is less than 5:

-
the UE shall start timer T3411, shall set the EPS update status to EU1 UPDATED and shall enter state EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM. When timer T3411 expires the combined tracking area updating procedure indicating "combined TA/LA updating with IMSI attach" is triggered; and

c)
If the tracking area updating attempt counter is equal to 5:

-
a UE operating in CS/PS mode 2 of operation and a UE operating in CS/PS mode 1 of operation with "IMS voice available" shall start timer T3402, shall set the EPS update status to EU1 UPDATED and shall enter state EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM. When timer T3402 expires the combined tracking area updating procedure indicating "combined TA/LA updating with IMSI attach" is triggered; and

-
a UE operating in CS/PS mode 1 of operation with "IMS voice not available" shall attempt to select GERAN or UTRAN radio access technology and proceed with appropriate MM or GMM specific procedures and disable the E-UTRA capability (see subclause 4.5); and
[5] TS 24.301 section 5.5.1.3.6
Abnormal cases in the UE
If the attach attempt counter is incremented according to subclause 5.5.1.2.6 the next actions depend on the value of the attach attempt counter:

-
if the attach attempt counter is less than 5, the UE shall set the update status to U2 NOT UPDATED but shall not delete any LAI, TMSI, ciphering key sequence number and list of equivalent PLMNs; or

-
if the attach attempt counter is equal to 5, then the UE shall delete any LAI, TMSI, ciphering key sequence number and list of equivalent PLMNs and set the update status to U2 NOT UPDATED. A UE operating in CS/PS mode 1 of operation shall select GERAN or UTRAN radio access technology and proceed with appropriate MM or GMM specific procedures. Additionally the UE operating in CS/PS mode 1 of operation may disable the E-UTRA capability as specified in subclause 4.5.
[6] TS 24.301 section 5.5.3.2.6
Abnormal cases in the UE

If the tracking area updating attempt counter is equal to 5:

-
the UE shall start timer T3402, shall set the EPS update status to EU2 NOT UPDATED, shall delete the list of equivalent PLMNs and shall change to state EMM-REGISTERED.ATTEMPTING-TO-UPDATE or optionally to EMM-REGISTERED.PLMN-SEARCH in order to perform a PLMN selection according to 3GPP TS 23.122 [6]. If the UE does not change to state EMM-REGISTERED.PLMN-SEARCH, the EPS update type IE included in the TRACKING AREA UPDATE REQUEST message indicates "periodic updating", and the UE was previously successfully attached for EPS and non-EPS services, the UE operating in CS/PS mode 1 of operation shall select GERAN or UTRAN radio access technology and proceed with appropriate MM or GMM specific procedures. Additionally the UE operating in CS/PS mode 1 of operation may disable the E-UTRA capability as specified in subclause 4.5.

If A/Gb mode or Iu mode is supported by the UE, the UE shall in addition handle the GPRS update status as specified in 3GPP TS 24.008 [13] for the abnormal case when a normal or periodic routing area updating procedure fails and the routing area updating attempt counter is equal to 5.
[7] TS24.301 section 5.5.3.3.4.3
Combined tracking area updating successful for EPS services only
#16
(MSC temporarily not reachable); or

#17
(Network failure)


The UE shall stop timer T3430 if still running, and shall enter state MM IDLE. The tracking area updating attempt counter shall be incremented, unless it was already set to 5.


If the tracking area updating attempt counter is less than 5:

-
the UE shall start timer T3411, shall set the EPS update status to EU1 UPDATED and shall enter state EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM. When timer T3411 expires the combined tracking area updating procedure indicating "combined TA/LA updating with IMSI attach" is triggered again.


If the tracking area updating attempt counter is equal to 5:

-
a UE operating in CS/PS mode 2 of operation and a UE operating in CS/PS mode 1 of operation with "IMS voice available" shall start timer T3402, shall set the EPS update status to EU1 UPDATED and shall enter state EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM. When timer T3402 expires the combined tracking area updating procedure indicating "combined TA/LA updating with IMSI attach" is triggered again;

-
a UE operating in CS/PS mode 1 of operation with "IMS voice not available" without a persistent EPS bearer context shall attempt to select GERAN or UTRAN radio access technology and proceed with appropriate MM or GMM specific procedures and disable the E-UTRA capability (see subclause 4.5);

-
a UE operating in CS/PS mode 1 of operation with "IMS voice not available" and with a persistent EPS bearer context shall wait until the radio bearer associated with the persistent EPS bearer context has been released. When the radio bearer associated with the persistent EPS bearer context has been released and the UE is registered for EPS services only, operating in CS/PS mode 1 of operation with "IMS voice not available", then the UE shall attempt to select GERAN or UTRAN radio access technology and proceed with appropriate MM or GMM specific procedures and disable the E-UTRA capability (see subclause 4.5).
[8] TS24.301 section 5.5.3.3.4.3
Combined tracking area updating successful for EPS services only
#18
(CS domain not available)


The UE shall stop timer T3430 if still running, shall reset the tracking area updating attempt counter, shall set the EPS update status to EU1 UPDATED and shall enter state EMM-REGISTERED.NORMAL-SERVICE.


The UE shall enter state MM IDLE and shall set the update status to U2 NOT UPDATED.


A UE in CS/PS mode 1 of operation with "IMS voice not available" shall attempt to select GERAN or UTRAN radio access technology rather than E-UTRAN for the registered PLMN or equivalent PLMN and disable the E-UTRA capability (see subclause 4.5).

A UE in CS/PS mode 2 of operation and a UE operating in CS/PS mode 1 of operation with "IMS voice available" may provide a notification to the user or the upper layers that the CS domain is not available.


The UE shall not attempt combined attach or combined tracking area updating procedure with current PLMN until switching off the UE or the UICC containing the USIM is removed.

[9] TS24.301 section 5.5.3.3.6
Abnormal cases in the UE
2)
if the combined tracking area update was successful for EPS services only and the TRACKING AREA UPDATE ACCEPT message contained an EMM cause value not treated in subclause 5.5.3.3.4.3 or the EMM Cause IE is not included in the message, the UE shall proceed as follows:

a)
The UE shall stop timer T3430 if still running, and shall enter state MM IDLE. The tracking area updating attempt counter shall be incremented, unless it was already set to 5;

b)
If the tracking area updating attempt counter is less than 5:

-
the UE shall start timer T3411, shall set the EPS update status to EU1 UPDATED and shall enter state EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM. When timer T3411 expires the combined tracking area updating procedure indicating "combined TA/LA updating with IMSI attach" is triggered again; and

c)
If the tracking area updating attempt counter is equal to 5:

-
a UE operating in CS/PS mode 2 of operation and a UE operating in CS/PS mode 1 of operation with "IMS voice available" shall start timer T3402, shall set the EPS update status to EU1 UPDATED and shall enter state EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM. When timer T3402 expires the combined tracking area updating procedure indicating "combined TA/LA updating with IMSI attach" is triggered again; and

-
a UE operating in CS/PS mode 1 of operation with "IMS voice not available" shall attempt to select GERAN or UTRAN radio access technology and proceed with appropriate MM or GMM specific procedures and disable the E-UTRA capability (see subclause 4.5); and

[10] TS24.301 section 5.5.3.3.6
Abnormal cases in the UE
If the tracking area updating attempt counter is incremented according to subclause 5.5.3.2.6 the next actions depend on the value of the tracking area updating attempt counter.

-
If the tracking area updating attempt counter is less than 5, the UE shall set the update status to U2 NOT UPDATED, but shall not delete any LAI, TMSI, ciphering key sequence number and list of equivalent PLMNs; or

-
if the tracking area updating attempt counter is equal to 5, the UE shall delete any LAI, TMSI, ciphering key sequence number and list of equivalent PLMNs and set the update status to U2 NOT UPDATED. A UE operating in CS/PS mode 1 of operation shall select GERAN or UTRAN radio access technology and proceed with appropriate MM or GMM specific procedures. Additionally the UE operating in CS/PS mode 1 of operation may disable the E-UTRA capability as specified in subclause 4.5.
3. Discussion

In this section, discussion is focused on the behaviour of the UE operating in CS/PS mode 2 of operation or which does not support non-EPS services(i.e., EPS only UE).

3.1. For Case1
This paper proposes to allow the UE operating in CS/PS mode 2 of operation or EPS only UE to move to UTRAN or GERAN cell and disable E-UTRA capability if the attempt counter reaches to 5 due to Attach procedure does not succeed.

As indicated in above table, regarding the UE operating in CS/PS mode 2 of operation, if the attempt counter reaches to 5 due to Attach procedure does not succeed, the UE stays LTE cell and it is not attached until T3402 expiry as highlighted in blue. And regarding the EPS only UE, if the attempt counter reaches to 5 due to Attach or TAU procedure does not succeed, the UE stays LTE cell and it is not attached until T3402 expiry as highlighted in blue. This is the current UE behaviour which is specified in TS 24.301, however, if the UE supporting A/Gb or Iu mode moves to UTRAN or GERAN cell, there is a possibility that attach procedure may succeed in UTRAN or GERAN cell and the UE can avoid the situation any services are not available during T3402 running. Additionally, if the UE moves to UTRAN or GERAN cell, the UE should disable LTE capability because ping-pong may occurs if UTRAN or GERAN indicates the UE supporting LTE to re-direct to LTE due to operator policy.
Usually, the case that attempt counter reaches to 5 is limited to the temporary failure case(e.g., Attach Reject with EMM cause #17”network failure” or lower layer failure), so ping-pong is expected to be resolved if time passes. But this temporary failure may not be resolved for a long period. So, it seems to be better for the UE operating in CS/PS mode 2 of operation or EPS only UE to move to UTRAN or GERAN cell and disable LTE capability in order to get service availability in UTRAN or GERAN as much as possible. This is the same UE behaviour as a UE operating in CS/PS mode 1 of operation.
Additionally, there are networks which return Attach Reject with EMM cause #17 ”network failure” toward the roaming-in UE when VPLMN does not have a LTE roaming agreement with HPLMN. The UE operating in CS/PS mode 2 of operation or EPS only UE may not move to UTRAN or GERAN and stay LTE cell where attach never succeed even if VPLMN has a roaming agreement with HPLMN. It is considered that such a network does not comply with GSMA specification as described below. 
GSMA IR.88 section 6.1.1 Access Control in the VPMN
Cause #15 (no suitable cells in Tracking Area) if the VPMN already has a Roaming Agreement with the HPMN covering other Radio Access Technologies (RATs). It forces the UE to reselect another RAT in the same PMN.
However, not all the network may comply with GSMA specification, and we cannot interfere with other operator’s operation. Additionally, even if other operator decides to change network operation adequately, it can be predicted that it would take time to fix operation, which can cause critical opportunity loss of roaming out service. So, NTT DOCOMO would like to make a failsafe to get out of roaming out service unavailability as soon as possible.

3.2. For Case2
If the attempt counter reaches to 5 due to Attach / TAU Accept for EPS services only, the UE operating in CS/PS mode 2 of operation or EPS only UE stays LTE cell and does not disable LTE capability. Attach / TAU Request will be retransmitted when T3402 expires. NTT DOCOMO thinks there is no issue in this case because the UE is attached for EPS services only, so EPS services are available during T3402 running.

3.3. For Case3
If the UE receives Attach / TAU Accept for EPS services only with EMM cause #18 “CS domain not available”, the UE operating in CS/PS mode 2 of operation or EPS only UE stays LTE cell and does not disable LTE capability. Attach / TAU Accept for EPS services only with EMM cause #18 “CS domain not available” is expected to be used by PLMN not supporting CSFB or CS RAT(i.e., UTRAN / GERAN). NTT DOCOMO thinks there is no problem in this case because the UE is attached for EPS services only, so EPS services are available in this PLMN.

4. Conclusion

This paper proposes to allow the UE operating in CS/PS mode 2 of operation or EPS only UE to move to UTRAN or GERAN cell and disable E-UTRA capability if the attempt counter reaches to 5 due to Attach procedure does not succeed. Corresponding CR on this issue is also provided(C1-141992).

