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Abstract of the contribution: This contribution proposes solutions to solve the open issues related to idle mode mobility in TR 28.838.

Discussion
Architecture alternatives #1, #4 and #6 in TR 23.832 present open issues related to idle mode mobility which are similar in nature. This contribution therefore offers a discussion around the issues that exist for idle mode mobility for those three alternatives, and propose solutions to resolve those issues. The different mobility scenarios are looked at in order: 

1. Macro-cell to HNB, MSC not enhanced for ICS

2. Macro-cell to HNB, MSC enhanced for ICS

3. HNB to macro cell, MSC not enhanced for ICS

4. HNB to macro cell, MSC enhanced for ICS

5. HNB to HNB

Note that this contribution assumes that the HNBs and macro-cells belong to different Location Areas.
1. Idle mode mobility from the macro-cell to the HNB, MSC not enhanced for ICS

Assuming that the macro-cell and the HNB belong to different Location Areas, no open issues exist for that scenario: in all three architecture alternatives, the IMS registration is triggered by the IMS IWF/ IMS HNB GW/IMS HNB at the reception of a Location Area Update from the UE. 

As in this case, no other IMS registration has been made by the MSC, there is no issue related to how the call will be routed after the IMS registration has been made by the IMS IWF/ IMS HNB GW/IMS HNB: the SCC AS will route the call to that registered contact.

2. Idle mode mobility from the macro-cell to the HNB, MSC enhanced for ICS
In this scenario, the issue that exists is related to what will happen with the MSC registration once the IMS IWF/ IMS HNB GW/IMS HNB has registered the UE. 
Solution 1: Only one registration is allowed to exist in IMS at a time: reuse of the ICS identities
To avoid having two registrations coexisting, a solution would be to use the same identities for the IMS IWF/ IMS HNB GW/IMS HNB registration as for ICS registration, and not allow for multiple simultaneous registrations for those identities (as is the case in 23.292 already).

However, the following aspects need to be considered:

· A Location Area Updates is the trigger for both the MSC and the IMS IWF/ IMS HNB GW/IMS HNB to register the UE to IMS.

· A Location Area Update made by the UE through the IMS IWF/ IMS HNB GW/IMS HNB is also propagated to the MSC.  

Therefore, if the same identities were used, due to possible race conditions, it would not be possible to know whether the IMS registration that remains in the S-CSCF and the SCC AS after the Location Area Update is the one from the MSC or the one from the IMS IWF/ IMS HNB GW/IMS HNB.   

Conclusion A:
The identities used for IMS IWF/ IMS HNB GW/IMS HNB registration shall be distinct from the ones used for ICS. This is the assumption made throughout the rest of this contribution.
Solution 2: Coexistence of the registrations by the MSC enhanced for ICS and by the IMS IWF/ IMS HNB GW/IMS HNB
One could then simply allow the two registrations to coexist in IMS. They will both be refreshed at the reception of the periodical Location Area Updates from the UE.

In the mobility scenario that we are now looking at (i.e. the UE has moved from the macro-cell to the HNB), the issue that needs to be solved would then be the one of the terminating calls handling. The SCC AS would then need to either send to both those contacts or to prioritize between them when receiving a terminating call request. 

Sending to both would not work as this would mean the IMS IWF/ IMS HNB GW/IMS HNB would receive two requests for the same call (one directly from the S-CSCF, one via the paging request from the MSC), without enough information to be sure that this is indeed the same call. The SCC AS therefore needs to prioritize between them. Note that this is in line with what the SCC AS already does through its T-ADS functionality.
For it to work in the scenario where the UE is in the coverage of the HNB, the SCC AS needs to prioritize the contact of the IMS IWF/ IMS HNB GW/IMS HNB.
Solution 3: MSC initiated deregistration at reg-event package notification

One could also make use of the notifications of the reg-event package to the MSC to trigger it to deregister the UE. This is shown in figure 1 below for architecture alternative #1. This would work in a similar way for architecture alternative #4 and architecture alternative #6.  
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Figure 1: MSC initiated deregistration at reg-event package notification (arch. alt. #1)
This does not eliminate the fact that the two registrations will coexist, but, compared to solution 2, it minimizes the time that coexistence will last (the re-registration timers can be pretty long). That means that the SCC AS behaviour required for solution 2 is also required here. 
Implementing solution 3 would require some changes to the ICS capable MSC, which is a drawback. 

Besides, some inter-operability problems could occur, especially in roaming scenarios, due to the differences in the reg-event package implementations – whether the S-SCSF would report the registrations made on behalf of the UE by the IMS IWF/ IMS HNB GW/IMS HNB to the MSC is not entirely clear.
Due to those drawbacks, and due to the unclear benefits implementing this would bring, it is proposed to go for solution 2, and allow for a registration made by an MSC enhanced for ICS and for a registration made by a IMS IWF/ IMS HNB GW/IMS HNB to coexist in IMS.

Conclusion B:

Registrations made by an MSC enhanced for ICS and for a registration made by an IMS IWF/ IMS HNB GW/IMS HNB shall be able to coexist in IMS.
When receiving a terminating call request, the SCC AS shall prioritize the contact registered for a UE by an IMS IWF/ IMS HNB GW/IMS HNB over the one registered for it by an MSC enhanced for ICS. 
3. HNB to a macro-cell, MSC not enhanced for ICS
If nothing particular is done at the time the UE moves from the HNB coverage to the macro-cell, the IMS IWF/ IMS HNB GW/IMS HNB registration will be taken away by the S-CSCF when the re-registration timer for it expires, due to the fact that as the IMS IWF/ IMS HNB GW/IMS HNB does not receive any periodical Location Area Update from the UE. But in the meantime, the issue is that terminating calls will be routed by the SCC AS to the IMS IWF/ IMS HNB GW/IMS HNB, and will therefore be lost.

So either the registration from the IMS IWF/ IMS HNB GW/IMS HNB needs to be removed right at the time the UE moves to the macro-cell, or the timer based deregistration is relied on, but then a solution needs to be found for not losing the terminating calls while the IMS registration of the IMS IWF/ IMS HNB GW/IMS HNB still exists.

Solution 1: HSS initiated de-registration

For the IMS IWF/ IMS HNB GW/IMS HNB registration to be removed, some node has to trigger the deregistration. The IMS IWF/ IMS HNB GW/IMS HNB cannot do that, because it is not aware about the fact that the UE has performed a Location Area Update in another Location Area, the MSC neither because it has in this scenario no interface to IMS. So only the HSS can initiate the deregistration. 

To do so, the following assumptions have to be made:

· The Location Areas are always covered by different MSCs (so the HSS is always involved in the Location Area Update procedures between the HNB and the macro-cell).

· The HSS checks each time it receives a Location Area Update whether there exists an IMS registration for the IMSI that is concerned that was originated by an IMS IWF/ IMS HNB GW/IMS HNB. If there is, it shall trigger a deregistration from IMS for the IMPU that was used by the IMS IWF/ IMS HNB GW/IMS HNB. 

· The S-CSCF then notifies the IMS IWF/ IMS HNB GW/IMS HNB about the deregistration (note that a pre-requisite is then that the IMS IWF/ IMS HNB GW/IMS HNB has subscribed to the reg-event package, which is not currently shown for architecture alternative #4 in 23.832 currently, but is supposed to be assumed).

The sequence for the idle mode mobility from the HNB to the macro-cell assuming such a solution would then look as shown in figure 2, assuming architecture alternative #4. This would work in a similar way for architecture alternative #1. Architecture alternative #6 assumes a solution along those lines (section 6.6.5.4.1).
This solution has the following major drawbacks:

· It requires some additional functionality on the HSS

· The HSS will then have to perform an additional check for each Update Request it receives: it needs to verify whether the IMSI has been IMS registered by an IMS IWF/ IMS HNB GW/IMS HNB or not. This will be cause extra load on the HSS. 

· It puts some constraints on the operator to deploy in such a way that the Location Areas covered by the HNBs and the ones covered by the macro-cells are dealt with by different MSCs.

Such a solution does therefore not seem to be viable.
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Figure 2: HSS triggered deregistration at idle mode mobility from HNB to macro-network (arch. alt. #4)

Solution 2: Timer based de-registration

· The IMS deregistration from the IMS IWF/ IMS HNB GW/IMS HNB occurs at the registration timer expiry in the S-CSCF (as the IMS IWF/ IMS HNB GW/IMS HNB will not refresh it because no Location Area Update is received from the UE).

· The SCC AS is enhanced so that, when it has routed a call to an IMS IWF/ IMS HNB GW/IMS HNB but gets an indication that the UE could not be reached, it can retry to breakout the call to the CS network.

This solution has the following drawbacks:

· It requires some additional functionality on the SCC AS.

· The SCC AS will have to support extra load for the transition period until the registration timer for the IMS IWF/ IMS HNB GW/IMS HNB has expired in the S-CSCF.

· The users will have a slightly degraded experience (extra delay at call setup) when they call someone that was located behind a HNB but has moved to the macro-network.

If deemed unacceptable, the last two drawbacks can be alleviated, by enhancing the SCC AS further as follows: the SCC AS can remember, after the first terminating call which resulted in a failure to route the call to the IMS IWF/ IMS HNB GW/IMS HNB, and a success when retrying to breakout the call to CS, that it shall breakout to CS directly for the subsequent terminating calls to that UE, until a new REGISTER or an INVITE is received from the IMS IWF/ IMS HNB GW/IMS HNB. That way, only the first terminating call after the UE has reselected the macro-cell will have to be routed first to the IMS IWF/ IMS HNB GW/IMS HNB and then breakout to CS.
Conclusion C: 

The SCC AS needs to be enhanced to be able to retry to breakout a call to the CS when it has routed it to an IMS IWF/ IMS HNB GW/IMS HNB but has received an indication from it that the UE could not be reached.

As an option, the SCC AS could remember, after the first terminating call which resulted in a failure to route the call to the IMS IWF/ IMS HNB GW/IMS HNB, and a success when retrying to breakout the call to CS, that it shall breakout to CS directly for the subsequent terminating calls to that UE, until a new REGISTER or an INVITE is received for it from the IMS IWF/ IMS HNB GW/IMS HNB.
The IMS registration made by the IMS IWF/ IMS HNB GW/IMS HNB on behalf of the UE will then die out in the S-CSCF at the expiry of the re-registration timer.
4. HNB to macro-cell, MSC enhanced for ICS

Based on conclusions A and B above, what will happen in this case is that two registrations will exist for the UE after it has made a Location Area Update in the macro-cell: one for the MSC enhanced for ICS, and one for the IMS IWF/ IMS HNB GW/IMS HNB. That situation will last until the second one dies out due to the re-registration timer expiry.

If nothing is done, the terminating call requests will be lost: we have indeed assumed that in such a coexistence case, the terminating call requests will be routed by the SCC AS to the contact of the IMS IWF/ IMS HNB GW/IMS HNB.       
To solve that issue, the following is proposed: when the SCC AS has routed a terminating call request to the contact of an IMS IWF/ IMS HNB GW/IMS HNB, and received an answer that the user could not be reached, the SCC AS shall check if a contact for an MSC server enhanced for ICS exists, and if it does, it shall retry that contact (similar behaviour as in conclusion C for the MSC not enhanced for ICS).
Again, the drawbacks are that all terminating calls to be routed to the UE will have to be routed first to the IMS IWF/ IMS HNB GW/IMS HNB, and then to the MSC until the timer has expired. Due to the fact that the timer for re-registration can be pretty long, this will create extra load on the SCC AS and on the CSCF, and besides, the users will have a slightly degraded experience (extra delay at call setup).
Two solutions could be thought of here: 
· This could be solved in the same way as for the previous scenario: the SCC AS could remember, after the first terminating call which resulted in a failure to route the call to the IMS IWF/ IMS HNB GW/IMS HNB, and a success when retrying to reroute to the MSC, that it shall prioritize the contact of the MSC for the subsequent terminating calls to that UE, until a new REGISTER or an INVITE is received for it from the IMS IWF/ IMS HNB GW/IMS HNB.

· Another solution could be to have the IMS IWF/ IMS HNB GW/IMS HNB trigger deregistration from IMS when it is notified (via the notifications for the reg-event package) that a UE it had previously registered has been registered by an ICS MSC.

With that second solution, similar to the one evoked in section 2 of this document, the interoperability problem already mentioned could exist in some cases, which would mean that the IMS IWF/ IMS HNB GW/IMS HNB will not get notified about the MSC registration, and will not take away its registration. Besides, as this solution could not be implemented for the case the MSC is not enhanced for ICS (already discussed in section 3), it seems preferable to align to what can be done for the MSC not enhanced for ICS case, i.e. to go for what is proposed in the first bullet.
Conclusion D:
When the SCC AS has routed a terminating call request to the contact of an IMS IWF/ IMS HNB GW/IMS HNB, and received an answer that the user could not be reached, the SCC AS shall check if a contact for an MSC server enhanced for ICS exists, and if it does, it shall retry that contact.
As an option, the SCC AS could remember, after the first terminating call which resulted in a failure to route the call to the IMS IWF/ IMS HNB GW/IMS HNB, and a success when retrying to reroute to the MSC, that it shall prioritize the contact of the MSC for the subsequent terminating calls to that UE, until a new REGISTER or an INVITE is received for it from the IMS IWF/ IMS HNB GW/IMS HNB

The IMS IWF/ IMS HNB GW/IMS HNB shall trigger deregistration from IMS when it is notified that a UE it had previously registered has been registered by an ICS MSC.

5. HNB to HNB
The last idle mode mobility case is the one where the UE moves from a HNB to another. Assuming that the two HNBs are assigned two different Location Area Identities, the UE will perform a Location Area Update when entering the new HNB. To avoid that the two registrations exist in IMS, the simplest solution seems here to be to disallow multiple simultaneous registrations for the identities used by the HNB to register the UE. That way, the registration of the target HNB will overwrite the one of the source HNB in the S-CSCF. This is similar to what was done for ICS.
Conclusion E:

When registering a UE to IMS, the IMS IWF/ IMS HNB GW/IMS HNB shall not apply the mechanism for multiple simultaneous registrations (in the same way as the MSC enhanced for ICS does not).
That way, when a UE enters a new IMS IWF/ IMS HNB GW/IMS HNB and the old IMS IWF/ IMS HNB GW/IMS HNB has not deregistered the user, the new registration over-writes the existing one in the S‑CSCF.
Conclusion:

It is proposed to go for conclusions A, B, C, D and E in this document to solve the issues related to idle mode mobility for architecture alternatives #1, #4 and #6.
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