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Introduction

At the last plenary CT#47, TSG CT agreed a set of company contributions (CP-100210, CP-100211, CP‑100212). The two CRs to TS 24.301 (CP-100210) and TS 24.008 (CP-100211) are specifying additional triggers for initiating TAU/RAU procedures and conditions for cases when the UE has to deactivate ISR locally, even if the network indicates in a TAU/RAU Accept message that ISR is activated. A closer inspection of the CRs shows that the currently defined conditions are wrong.
The present paper presents a few examples where the current conditions are providing wrong results, analyzes the requirements, and proposes a (hopefully) correct solution for the problem. 
Stage 2 requirements

According to the stage 2 requirements in TS 23.401, subclause 4,3.5.6, (see S2-101756 in SP-100147), the UE shall deactivate ISR locally in the following special situations:

-
For a UE that is IMS registered for voice, then after that UE moves from a Registration Area that supports IMS voice over PS sessions (see 4.3.5.8 for more information) to one that does not, and vice versa. It shall be possible, e.g. using Device Management or initial provisoning, to configure the UE to apply/not apply this particular exception.

The referenced subclause 4.3.5.8 contains a description of the IMS voice over PS Session Supported Indication:

The serving PLMN shall send an indication toward the UE during the Attach procedure and Tracking Area Update procedures if an IMS voice over PS session is supported. The serving PLMN uses this indicator to indicate to the UE whether it can expect a successful IMS voice over PS session. A UE with "IMS voice over PS" voice capability should take this indication into account when establishing voice over PS sessions (as specified in TS 23.221 [27]) as well as when determining whether to deactivate the special handling of ISR locally (as detailed in clause 4.3.5.6).
The serving PLMN provides this indication based e.g. on local policy, HPLMN, the SRVCC capability of the network and UE and/or extends of E-UTRAN/UTRAN coverage. This indication is per TAI list.

The CR to TS 23.060 (S2‑101757 in SP‑100147) contains a similar addition to the description of the IMS voice over PS Session Supported Indication, and it adds a similar condition ("…UE moves from a Registration Area that supports IMS voice over PS sessions … to one that does not, and vice versa.") to the list of triggers for RAU, thus covering also the case of inter-system change between Iu mode and A/Gb mode.
So at first glance it seems that only the IMS voice over PS Session Supported Indications received in E‑UTRAN and UTRAN are relevant for the decision whether ISR is to be deactivated or not. 

Both stage 3 CRs (CP-100210, CP-100211), however, are taking also the voice domain preferences for access domain selection into account. And it is right to do so, because the voice domain preferences are also known to the HPLMN and will be taken into account by the network when selecting the access domain for the terminating voice call. E.g. when the UE is roaming in a RAT for which its voice domain preference indicates "CS only", the operator will not attempt to deliver the call as IMS voice call.

Problems with current stage 3
In the following we will examine a few examples from the CR to TS 24.008. The CR to TS 24.301 is suffering from similar problems.

Example 1a 
According to subclause 4.7.5.1.3, Normal and periodic routing area updating procedure accepted by the network, the MS shall deactivate ISR by setting the TIN to "P-TMSI" if: 
-
the "IMS voice over PS session indicator" received for Iu mode is not equal to the "IMS voice over PS session indicator" received for S1 mode (see 3GPP TS 24.301 [120]);

-
the voice domain preference for UTRAN as defined in 3GPP TS 24.167 [13B] is not "CS voice only"; 

-
the upper layers have indicated that the MS is available for terminating voice calls in the IMS (see 3GPP TS 24.301 [120], subclause 3.1); and

-
the MS is configured with "Mobility Management for IMS Voice Termination" enabled as defined in 3GPP TS 24.167 [13B].

Let us assume that the VPLMN is indicating support of IMS VoPS in E-UTRAN, but not in UTRAN (Uvo = 0, Evo = 1; for this notation see appendix A). The HPLMN operator of a subscriber roaming in this VPLMN has set the voice domain preference for UTRAN to "CS only" (Ucs = 1) and for E-UTRAN to a value different from "CS only" (Ecs = 0). After a successful SIP registration, the UE will expect to use IMS voice while in E-UTRAN and CS voice while in UTRAN. Clearly, when a terminating voice call needs to be delivered, the network needs to know which RAT the UE is currently using. But the second condition in the list above is not fulfilled, so the UE will not deactivate ISR, although it should do so.

Example 1b 

One proposal discussed between interested companies during the preparation for CT#47 was to take also the voice domain preference for E-UTRAN into account, i.e. to replace the second condition by e.g.

-
at least one of the parameters voice domain preference for UTRAN and voice domain preference for E‑UTRAN as defined in 3GPP TS 24.167 [13B] is not "CS voice only"; 

While this would give the correct UE reaction for the combination of parameters used in the previous example 1, it would not work in the following scenario: 

Let us assume that the VPLMN is indicating support of IMS VoPS both in E-UTRAN and in UTRAN (Uvo = 1, Evo = 1). Again, the HPLMN operator of a subscriber roaming in this VPLMN has set the voice domain preference for UTRAN to "CS only" (Ucs = 1) and for E-UTRAN to a value different from "CS only" (Ecs = 0). After a successful SIP registration, the UE will expect to use IMS voice while in E-UTRAN and CS voice while in UTRAN, and the network needs to know which RAT the UE is currently using. This time the (new) second condition is fulfilled, but the first condition in the list is not, so the UE will not deactivate ISR, although it should do so.
Example 2 

According to subclause 4.7.5.1, Normal and periodic routing area updating procedure, the MS initiates a normal routing area updating procedure when:

-
in A/Gb mode, after intersystem change from S1 mode if the TIN indicates "RAT-related TMSI" and the "IMS voice over PS session indicator" received for Iu mode has the value "IMS voice over PS session supported in Iu mode, but not supported in A/Gb mode" and the voice domain preference for UTRAN as defined in 3GPP TS 24.167 [13B] is not "CS voice only" and the upper layers have indicated that the MS is available for terminating voice calls in the IMS (see 3GPP TS 24.301 [120], subclause 3.1) and the MS is configured with "Mobility Management for IMS Voice Termination" enabled as defined in 3GPP TS 24.167 [13B].

Let us assume as in example 1b that the VPLMN is supporting IMS VoPS both in E-UTRAN and in UTRAN (Uvo = 1, Evo = 1). Again, the HPLMN operator of a subscriber roaming in this VPLMN has set the voice domain preference for UTRAN to "CS only" (Ucs = 1) and for E-UTRAN to a value different from "CS only" (Ecs = 0). After a successful SIP registration, the UE will expect to use IMS voice while in E-UTRAN and CS voice while in GERAN or UTRAN, and the network needs to know which RAT the UE is currently using. As the  voice domain preference for UTRAN is "CS only" (Ucs = 1), the condition for initiating the RAU are not fulfilled. 

Note that, as seen in example 1b, the UE will also not deactivate ISR locally during a previous RAU or TAU procedure, so also the requirement from 4.7.5.1.3 will not trigger any RAU procedure after the change from E‑UTRAN to GERAN/UTRAN.

Example 3 

According to subclause 4.7.5.1, Normal and periodic routing area updating procedure, the MS initiates a normal routing area updating procedure also when:

-
when the TIN indicates "RAT-related TMSI" and the voice domain preference for UTRAN as defined in 3GPP TS 24.167 [13B] is not "CS voice only" and the MS's availability for terminating voice calls in the IMS (see 3GPP TS 24.301 [120] subclause 3.1) changes from "not available" to "available" and the MS is configured with "Mobility Management for IMS Voice Termination" enabled as defined in 3GPP TS 24.167 [13B]. 

In this case, the specification does not mention any dependency on the indications of support of IMS VoPS by the network or on the voice domain preference for E-UTRAN. But actually, if the current routing area where the MS is checking the above condition, whether it should initiate a routing area updating or not, is not supporting IMS voice over PS sessions (e.g. because the voice domain preference for UTRAN is "CS voice only" or because the cell is a GERAN cell), but other parts of the routing area or the tracking area to which the MS is registered are supporting IMS voice over PS sessions, then the MS has to initiate a RAU procedure. Otherwise, the network would consider this other area as the "area of last radio contact" and would base its access domain selection on this outdated information, i.e. the network would try to set up an IMS VoPS session.
Analysis of the situation
We think that these examples show that a more systematic analysis of the situation is necessary.
For a UE, the situation that an IMS voice over PS session is possible in UTRAN is given by the condition that the IMS voice over PS Session Supported Indication of UTRAN is set to "supported" and the voice domain preference for UTRAN to a value different from "CS only". In short notation this can be expressed as

IMS voice over PS session possible in UTRAN := Uvo∙Ucs.
The opposite situation that an IMS voice over PS session is not possible in UTRAN can then be expressed as

IMS voice over PS session not possible in UTRAN := NOT (Uvo∙Ucs) = Uvo + Ucs.
For E-UTRAN the corresponding expressions are 

IMS voice over PS session possible in E-UTRAN := Evo∙Ecs,
and

IMS voice over PS session not possible in E-UTRAN := NOT (Evo∙Ecs) = Evo + Ecs.
Changes between Iu mode and S1 mode 

Assuming that the UE is available for terminating voice calls in IMS, the UE is obliged to perform a registration at each change between Iu mode and S1 mode, if an IMS voice over PS session is possible in UTRAN, but not in E-UTRAN, or vice versa:

Obliged to register Iu/S1:= Uvo∙Ucs∙(Evo + Ecs) + (Uvo + Ucs)∙Evo∙Ecs.


(1)
This can be rewritten as: 

Obliged to register Iu/S1:= Uvo∙Evo∙Ucs + Uvo∙Evo∙Ecs + Uvo∙Evo∙(Ucs∙Ecs+Ucs∙Ecs)   
(2).

(Note that the first conditions from example 1a together with the revised second condition from example 1b we would give an expression like:

(Uvo∙Evo + Uvo∙Evo)∙(Ucs + Ecs)
Compared to our previous result (2), this expression would be "true" for some additional combinations like Uvo∙Evo∙Ucs∙Ecs, which would cause unnecessary updates for a few parameter combinations, but more important, the last term of (2) beginning Uvo∙Evo is missing completely.)

In the following table we show the result for "Obliged to register Iu/S1" in graphical form:
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Grey
:= combination of Uvo, Evo, Ucs, Ecs gives "true" for expression (1) and (2).
Note: the combinations in the first row (Ucs = 0, Ecs = 1) and the first column (Uvo = 1, Evo = 0) of the table are supposed to be less likely in practise. The combinations in the last row and the last column are typical for a UE or a network trying to avoid the use of IMS for voice calls. 

We did not find a way to simplify the expression (1) or (2) much further. 

If we try to add some combinations to (2), e.g. (Uvo, Evo, Ucs, Ecs) = (0,1,0,1) and (1,0,1,0), the result can be re-written as  

Obliged to register Iu/S1*:= (Uvo∙Evo + Uvo∙Evo)∙(Ucs + Ecs) + Uvo∙Evo∙(Ucs∙Ecs+Ucs∙Ecs).
(3)

But this does not look like a big simplification over (1) or (2) to justify the generation of additional updates in a few unnecessary cases (although (3) is a bit closer to what we have described in example 1b).
(Uvo, Evo, Ucs, Ecs) = (0,0,1,1) corresponds to a UE that can receive IMS VoPS sessions both via UTRAN and via E-UTRAN, roaming in a network which is supporting this also for both RATs. So for this combination we should not unnecessarily mandate the deactivation of ISR.  

Changes between Iu mode and A/Gb mode 

Assuming that the UE is available for terminating voice calls in IMS, the UE is obliged to perform a registration at each change between A/Gb mode and Iu mode, if an IMS voice over PS session is possible in UTRAN, since IMS voice over PS session is not possible in GERAN:

Obliged to register A/Gb/Iu:= Uvo∙Ucs.







(4)
Therefore the change added by CP-100211 to TS 24.008, subclause 4.7.1.7, is correct. 

Changes between S1 mode and A/Gb mode 

Assuming that the UE is available for terminating voice calls in IMS, the UE is obliged to perform a registration at each change between A/Gb mode and S1 mode, if an IMS voice over PS session is possible in E-UTRAN, since IMS voice over PS session is not possible in GERAN:

Obliged to register A/Gb/S1:= Evo∙Ecs.







(5)
Currently, TS 24.008 is incorrectly using condition (4). 

In the following table we show the results for "Obliged to register A/Gb/Iu" and "A/Gb/S1" in graphical form:
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Blue
:= combination of Uvo, Evo, Ucs, Ecs gives "true" for expression (4) only.

Yellow
:= combination of Uvo, Evo, Ucs, Ecs gives "true" for expression (5) only.

Green
:= combination of Uvo, Evo, Ucs, Ecs gives "true" for expressions (4) and (5).

Proposal for a solution
In the CRs CP-100210, CP-100211, the disabling for ISR between Iu and S1 is covered by one set of requirements (different requirements in TS 24.008, 4.7.5.1.3, and in TS 24.301, 5.5.3.2.4).

Solution: The respective requirements need to be replaced by condition (2).

The deactivation of ISR for transitions between A/Gb and Iu mode and from S1 to A/Gb mode is implemented via separate requirements (TS 24.008, 4.7.1.7, and first addition in 4.7.5.1 and 4.7.5.2.1, respectively). The requirement for the transition from A/Gb mode to S1 mode is missing completely from CP-100210 (TS 24.301).
Solution: The respective requirements for S1 to A/Gb mode need to be replaced by condition (5).

Furthermore, for the reverse direction A/Gb mode to S1, condition (5) needs to be added to the normal and combined TAU procedure.

Solution for the problem raised in example 3:
For the TAU/RAU triggered by a change of the MS's availability changing for terminating voice calls in the IMS from "not available" to "available", the UE needs to "add" the conditions for the respective RAT which it is currently using. I.e. for A/Gb mode it needs to add (4) and (5), for Iu mode (2) and (4), and for S1 mode (2) and (5).
Luckily, in all 3 cases the result is the same:

Trigger a RAU or TAU procedure := Uvo∙Evo∙Ucs + Uvo∙Evo∙Ecs + Uvo∙Evo∙(Ucs + Ecs).

(6)
But in this case, in our view, it can be justified to add the combinations (Uvo, Evo, Ucs, Ecs) = (0,1,0,1) and (1,0,1,0), to get the simpler result:

 Trigger a RAU or TAU procedure* := (Uvo + Evo)∙(Ucs + Ecs).




(7)

Conclusion
These proposed changes are implemented in the CRs submitted in C1-101452, C1-101453. 

It is proposed to agree these CRs.
Appendix A
In the following we are defining a few Boolean variables:

Uvo: 
indicates whether the IMS voice over PS Session Supported Indication for UTRAN is true (Uvo = 1) or false (Uvo = 0).

Evo: 
indicates whether the IMS voice over PS Session Supported Indication for E-UTRAN is true (Evo = 1) or false (Evo = 0).
Ucs: 
indicates whether the voice domain preference for UTRAN is set to "CS only" (Ucs = 1) or to another value (Ucs = 0).

Ecs: 
indicates whether the voice domain preference for E-UTRAN is set to "CS only" (Ecs = 1) or to another value (Ecs = 0).

A Boolean function like 

Deactivate-ISR:= Uvo∙Ucs∙(Evo + Ecs) + (Uvo + Ucs)∙Evo∙Ecs
can be evaluated by replacing each of the variables Uvo, Evo, Ucs, and Ecs with "0" and "1" and calculate the right side, where "∙" corresponds to a logical AND and "+" to a logical OR (i.e. 1+1 = 0+1 = 1+0 = 1).

We are using both "underline" and in some cases "NOT (.)" to indicate the negation of a variable. 

That means Uvo and NOT (Uvo) both have the value 0 (= "false") if Uvo has the value 1 (= "true"). 
