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Abstract: This discussion paper highlights the ambiguity in the use of the words "registered and equivalent PLMN" used in subclause 4.5 in TS 24.301 when selecting another RAT as a result of the UE disabling its E-UTRA capability. 
Discussion:

Subclause 4.5 of TS 24.301 is executed whenever the UE disables its E-UTRA capability and then attempts to select GERAN or UTRAN technology. The cases for disabling E-UTRA are shown in Annex A of this discussion paper. When the UE disables E-UTRA capabilities, the following text is executed in subclause 4.5:

When the UE is disabling the E-UTRA capability, it should proceed as follows:
a)
select another RAT (GERAN or UTRAN) of the registered PLMN or equivalent PLMN;
b)
if another RAT of the registered PLMN or equivalent PLMN cannot be found, then perform PLMN selection as specified in 3GPP TS 23.122 [6]. If disabling of E-UTRA capability was not due to UE initiated detach procedure for EPS services only, the UE may re-enable the E-UTRA capability for this PLMN selection; or
c)
if no other allowed PLMN and RAT combinations are available, then the UE may remain registered for EPS services in E-UTRAN of the registered PLMN. If the UE chooses this option, then it may periodically attempt to select another PLMN and RAT combination that can provide non-EPS services. How this periodic scanning is done, is UE implementation dependent.

As specified in TS 23.122, the UE has a valid RPLMN and stores the list of equivalent PLMNs received in attach accept and tracking area update accept when the UE has performed successful registration. When registration was not successful, then there is no registered PLMN.
	Location Registration Task State
	Registration Status
	Registered PLMN is

	Updated
	Successful
	Indicated in the stored registration area identity

	Idle, No IMSI
	Unsuccessful
	No registered PLMN (3) (4)

	Roaming not allowed:
	
	

	a) PLMN not allowed
	Unsuccessful
	No registered PLMN (4)

	b) LA not allowed or TA not allowed
	Indeterminate(1)
	No registered PLMN 

	c) Roaming not allowed in this LA or Roaming not allowed in this TA
	Indeterminate (2)
	No registered PLMN (4)

	d) No suitable cells in location area or No suitable cells in tracking area
	Indeterminate (5)
	No registered PLMN 

	e) Not authorized for this CSG
	Indeterminate (6)
	No registered PLMN

	Not updated
	Unsuccessful
	No registered PLMN (4)

	.......

.......

4)
The stored list of equivalent PLMNs is invalid and can be deleted.

.......

.......


Thus, if the UE was successfully registered in PLMN A and moved to a new TA in the same PLMN, and performed TAU which failed, the UE would not have a valid RPLMN.
Point 4) in the table in TS 23.122 indicated that the stored list of equivalent PLMNs in invalid, though we have seen in TS 24.301 that it is not always the case that the equivalent PLMN list is deleted, e.g. in the case that the UE disables E-UTRA when receiving cause #14 "EPS services not allowed in this PLMN".

Annex B describes some problematic scenarios when the UE determines to select another RAT of the registered or equivalent PLMN.
In general, there are number of cases when the UE determines to select another RAT of the registered or equivalent PLMN (see below).

Case 1:

In a number of cases the UE has a valid RPLMN and may have an equivalent PLMN list when disabling E-UTRA, for example when the UE disables E-UTRA as result of cases 4, 5 and 6 in Annex A (i.e. having received an "accept" message). There the statement: a) select another RAT (GERAN or UTRAN) of the registered PLMN or equivalent PLMN; can be implemented fully.
Case 2:

In the cases where the UE does not have a valid RPLMN because the UE performs registration in the currently registered RPLMN and fails, and as a result disables E-UTRA (see cases 7, 8, 9 in Annex A), then a) select another RAT (GERAN or UTRAN) of the registered PLMN or equivalent PLMN; can only be partially implemented as:

· UE cannot select another RAT of the registered PLMN as there is no valid registered PLMN.

· UE can select another RAT of an equivalent PLMN as the EPLMN list is not deleted.
· If there is no EPLMN list, then the UE would perform PLMN selection (and may re-enable E-UTRA), but the UE could have instead searched for the alternative RAT on the selected PLMN.
Case 3:

In the cases where the UE does not have a valid RPLMN because the UE performs registration in a different PLMN to the currently registered RPLMN and fails, and as a result disables E-UTRA (see cases 7, 8, 9), then a) select another RAT (GERAN or UTRAN) of the registered PLMN or equivalent PLMN; must not be implemented as:

· UE cannot select another RAT of the registered PLMN as there is no registered PLMN.

· UE received the EPLMN list from the previous PLMN where the UE was successfully registered, so the UE should NOT be performing RAT reselection to an EPLMN of the previously registered PLMN. 

Proposal:
For case 2 and case 3, propose to make the following clarifications: 
When the UE is disabling the E-UTRA capability it should proceed as follows:

 

-
if the UE disabled the E-UTRA capability after successful registration, or disabled the E-UTRA capability after failing to register and the UE has a list of equivalent PLMNs which was previously provided from the PLMN where the UE failed to register then:

a)
select another RAT (GERAN or UTRAN) of the registered PLMN or equivalent PLMN;

b)   if another RAT of the registered PLMN or equivalent PLMN cannot be found, then perform PLMN selection as specified in 3GPP TS 23.122 [6]. If disabling of E-UTRA capability was not due to UE initiated detach procedure for EPS services only, the UE may re-enable the E-UTRA capability for this PLMN selection; or

c)   if no other allowed PLMN and RAT combinations are available, then the UE may remain registered for EPS services in E-UTRAN of the registered PLMN. If the UE chooses this option, then it may periodically attempt to select another PLMN and RAT combination that can provide non-EPS services. How this periodic scanning is done, is UE implementation dependent.
-
if the UE disabled the E-UTRA capability after failing to register and either does not have a list of equivalent PLMNs or has a list of equivalent PLMNs which was not previously provided from the PLMN where the UE failed to register then follow the actions above in a), b) and c) with the modification that the actions in a) and b) should be performed on the chosen PLMN, not the registered or equivalent PLMN.

Annex A: Cases for disabling E-UTRA and selecting GERAN/UTRAN

1. UE with "IMS voice not available" needs to initiate a CS fallback emergency call but it is unable to perform CS fallback. (subclause 4.3.1)
2. Change of UE usage settings from "data centric" to "voice centric", for example: for a UE in CS/PS mode of operation with "CS fallback is not available" and "IMS voice not available (subclause 4.3.2.2)
3. Change of availability for voice calls. For example: UE is not available for voice calls in the IMS indication, SMS configuration is set to prefer to use SMS over IP networks, and voice domain preference for E-UTRAN is "IMS PS voice only" (subclause 4.3.2.4)
4. For "combined attach successful" and "combined tracking area updating successful" where UE receives "SMS only" or "CS Fallback not preferred", and is operating in CS/PS mode 1 with "IMS voice not available" (subclauses 5.5.1.3.4.2 and 5.5.3.3.4.2).

5. For "UE initiated detach procedure for completion for EPS services only", and the UE in CS/PS mode 1 or CS/PS mode 2 (subclause 5.5.2.2.2)

6. Causes #16, #17, #18 returned for "combined attach successful for EPS services only" and "combined tracking area updating for EPS services only", for a UE operating in CS/PS mode 1 with "IMS voice not available" (subclauses 5.5.1.3.4.3 and 5.5.3.3.4.3) 

7. Cause #14 "EPS services not allowed in this PLMN" returned for "Combined attach not accepted by the network", "Network initiated detach procedure completion by the UE", " Normal and periodic tracking area updating procedure not accepted by the network" and " Combined tracking area updating procedure not accepted by the network" (subclauses 5.5.1.3.5, 5.5.2.3.2, 5.5.3.2.5 and 5.5.3.3.5) 
8. For "abnormal cases in the UE" where the "attach attempts counter" or "tracking area update attempts counter" is equal to 5 and the UE is in CS/PS mode 1 of operation (subclauses 5.5.1.3.6, 5.5.3.2.6 and  5.5.3.3.6)

9. Cause #18 returned for "Service request procedure not accepted by the network", CS/PS mode 1 of operation with "IMS voice not available" and the request was related to CS fallback.

Annex B: Problematic Scenarios

These scenarios are only illustrative. Other problematic scenarios may exist.

Example 1: 

1. UE is registered for CS and PS on PLMN B which is not the highest priority PLMN. So RPLMN stored in UE is PLMN B and the UE received an EPLMN list.
2. HPLMN timer expired and UE initiated a scan to find higher priority PLMNs available. Let's say high priority PLMN A on LTE was found.
3. UE will attempt registration on this selected PLMN (PLMN A) through TAU. TAU reject with cause #10 (Implicitly detached) or #40 (No EPS bearer context activated) is received. Hence Attach needs to be triggered and attach reject with cause #14 is subsequently received (see subclause 5.5.1.3.5).

In this scenario bullet a) of subclause 4.5 will be followed. As the registration in PLMN A failed, now there is no valid RPLMN (previously RPLMN=PLMN B). When cause #14 is received, the UE still has an EPLMN list (that was provided when the UE registered in PLMN B) which is not deleted due to unsuccessful registration as the UE is disabling E-UTRA. 
Hence the UE may attempt to select an alternate RAT of an EPLMN provided from PLMN B as it is unable to select the RAT of the RPLMN. 
In this case, the UE should be attempting to select the RAT of the chosen or selected PLMN (PLMN A).
Example 2: 

1. UE is registered for CS and PS on PLMN B which is not the highest priority PLMN. So RPLMN stored in UE is PLMN B

2. HPLMN timer expired and UE initiated a scan to find higher priority PLMNs available. Let's say high priority PLMN A on LTE was found.

3. UE will attempt registration on this selected PLMN (PLMN A) through TAU. TAU reject with cause #10 or #40 is received. Hence Attach needs to be triggered and but attach couldn't be successful due to lower layer failure and attach attempt counter reached 5 (see subclause 5.5.1.3.6).
Similar to Example 1, the UE may attempt to select an alternate RAT of an EPLMN provided from PLMN B, as it is unable to select the RAT of the RPLMN. In this case, the UE should be attempting to select the RAT of the chosen or selected PLMN (PLMN A).
Example 3: 

1. UE is registered for CS and PS on PLMN B which is not the highest priority PLMN. So RPLMN stored in UE is PLMN B
2. HPLMN timer expired and UE initiated a scan to find higher priority PLMNs available. Let's say high priority PLMN A on LTE was found.
3. UE will attempt registration on this selected PLMN (PLMN A) through TAU. TAU couldn't be successful due to lower layer failure and TAU attempt counter reached 5. 
Similar to Example 1, the UE may attempt to select an alternate RAT of an EPLMN provided from PLMN B, as it is unable to select the RAT of the RPLMN. In this case, the UE should be attempting to select the RAT of the chosen or selected PLMN (PLMN A).
Example 4: 

1. UE does not have RPLMN at power ON
2. Prioritized PLMN List received from SIM:
· HPLMN

· PLMN1 

· PLMN2

· PLMN3

· PLMN4

3. Available PLMN List after performing initial scan by the UE are 

· PLMN2

· PLMN4

4. While attaching on PLMN2, Reject is received with #13 (Roaming not allowed in this tracking area);
5. While attaching on PLMN4, Reject is received with #14 (EPS services not allowed in this PLMN). EUTRA has to be disabled in this case
In this case there is no RPLMN stored or equivalent PLMN list, so bullet a) in subclause 4.5 cannot be followed. However, for bullet b) in subclause 4.5, the UE would start performing PLMN selection, but it should have performed RAT selection in PLMN4. 

