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Abstract of the contribution: This paper brings a proposal for improving the IMS Home Node B architecture alternative #3.
Discussion
The IMS Home Node B architecture alternative #3 as described in the TR currently assumes that some improvements are required to the MSC server in order to have it avert from registering the UE to IMS when receiving a LA that originates from an IMS Home Node B.
There are several reasons for doing this: 

1) First, when the UE is under the coverage of an IMS Home Node B, this allows the terminating calls not to be routed through the MSC server.

2) Second, if a terminating call was routed to the MSC server as well as to the IMS Home Node B, then, the MSC server would trigger the paging of the UE, and the order in which the paging request and the INVITE message would be received at the IMS Home Node B could not always be ensured, and this could create problems – the home Node B would have to be capable of understanding that those two requests are related to the same call, and even if it was possible for the IMS Home Node B to do so, the timing issue would result in that potentially a large part of the terminating calls would be routed through the CS domain.

3) Third, as it is envisioned in that solution that the private/public identities for ICS would be reused by the Home Node B for registering the UE, and only one contact can be registered for this IMPI/IMPU pair, the registration made by the IMS Home Node B could be overwritten by the registration made by the MSC server.

However, there is one major drawback in doing so: this puts the requirement that the macro-cells and the IMS Home Node B belong to different LAs. And so would Home Node Bs that cover the same area.

Indeed, as soon as the UE moves outside the coverage of the IMS Home Node B, the network needs to be informed about this, as it needs to register the UE to IMS as soon as it gets under the coverage of the macro-cell. This can only be done if the UE indicates that to the network through a Location Area update (or a combined Routing Area Update/Location Area Update). In the same way, if the UE moves from one IMS Home Node B to another, then the new IMS Home Node B would need to register the UE to IMS right away.
In case of coverage issues, that could result in lots of additional signalling towards the CS core network of the operator, which would then limit the gains that can be expected with this solution. 
Besides, we would then not comply with the mobility management requirement in 23.830 (chapter 4.2.2.3): 

“The system shall allow flexibility on RAI/LAI assignment for CSG cells and non-CSG cells”.
This requirement shall apply to this IMS Home Node B case too, as this is implied by the following sentence in chapter 5 of 23.832:
“The architecture of an IMS capable HNB subsystem shall be based on the architecture of a non-IMS capable HNB subsystem as defined in TR 23.830 [5] (…)”
Proposal 
To resolve that issue, the following improvements/changes compared to what is currently defined for architecture 3 in the TR are proposed:
1) MSC server enhanced for Home Node B: 

· The MSC server, when receiving a LA update always registers the UE to IMS (as would normally do an MSC server enhanced for ICS)

2) IMS Home Node B:

· The IMS Home Node B uses a different set of IMPI/IMPU to register the UE to IMS (compared to what is done in ICS, and also compared to the ones used by the UE itself). For that address, multiple registrations would not apply (meaning only one contact address could be defined for that IMPI/IMPU).
· A supervision mechanism (timer or indication from NAS) is defined in the IMS Home Node B for supervising a CS call setup procedure that would be launched after the reception of an INVITE over the HGm interface. 
If no answer to the call set-up request was received, then the IMS Home Node B shall send an indication to the SCC-AS that the UE could not be reached.
(Whether it is best to define a new timer in the HUA, or to have the NAS layer notify the HUA about the failure of the CS call setup is FFS).
3) SCC-AS:

· If the SCC-AS decides to the call needs to be set up via the CS domain, and in case the UE is registered by an IMS HNB, it would then first route the call towards the IMS HNB. If the UE has moved, the IMS HNB would then indicate that it could not reach the UE (as described in bullet number 3). Then the SCC-AS would send the INVITE to the MSC server.
This means enhancing the T-ADS function to have it work as shown on the diagram below:
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By implementing those changes, and by allowing some calls to be routed through the MSC in transition periods at mobility from the macro-cell to the IMS Home Node Bs or between Home Node Bs, the requirement for the IMS Home Node Bs and the macro-cell covering a given area to belong to different LAs would not be needed any longer:
1) For terminating calls: 

· If a UE previously under the coverage of an IMS Home Node B has reselected the macro-cell, when receiving a terminating call, the SCC-AS would then first route the call to the IMS Home Node B. This one would not be able to reach the UE, so it would send an indication back to the SCC-AS that the UE has moved. The call would then be routed to the MSC server which would page the whole LA, and be able to reach the UE in the macro-cell.

· If a UE previously under the coverage of a macro-cell moved under the coverage of an IMS Home Node B which belongs to the same Location Area, the terminating calls will be routed to the UE via the MSC until the UE performs a Location Area Update which will trigger the registration from the IMS Home Node B. 
· The same thing as in the previous bullet would apply in case a UE moves from an IMS Home Node B to another IMS Home Node B. 

2) For originating calls:

· If the UE previously under the coverage of an IMS Home Node B has reselected a macro-cell, originating calls will be established via the MSC as usual done in ICS.

· If the UE previously under the coverage of a macro-cell has moved under the coverage of an IMS Home Node B which belongs to the same Location Area, the originating calls from the UE will be routed through the MSC until the UE performs a Location Area Update which will trigger the registration from the IMS Home Node B. 

Note: an originating call request from a UE not yet registered in IMS by the IMS Home Node B could also trigger the IMS registration of that UE, either prior to establishing the call (in which case the call could be routed through IMS), or after that call. In the first case, the emergency calls would need to be dealt with in a special way, not to delay such call set-up. This is not considered in the proposed changes to the TR that follow.
· The same thing as in the previous bullet would apply in case a UE moves from an IMS Home Node B to another Home Node B.
The following details the proposed changes to the TR text to implement the solution described above. 
Begin Change #1
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End Change #1
Begin Change #2
6.3
Alternative 3: Interworking of IMS at HNB

6.3.1
Reference Model

The following figure illustrates the reference model for an architecture in which CS-to-IMS interworking is performed at the HNB.  Network elements and reference points that are introduced to support the HNB Subsystem, and the IMS Capable HNB Subsystem in particular, are shown by way of heavy black lines and text characters.
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Figure 6.3.1-1: Interworking of IMS at HNB – reference model

6.3.2
Network Elements and Functions

6.3.2.1
HNB

The HNB is described in TR 23.830 [5]. For the IMS Capable HNB Subsystem, the HNB is host to a Home User Agent (HUA).

6.3.2.2
HUA

The Home User Agent (HUA) function includes a SIP User Agent that operates as per the procedures specified in TS 23.228 [11] and TS 24.229 [12]. The HUA acts as a CS-to-IMS interworking function providing IMS SIP UA behaviour on behalf of a UE that uses CS procedures for voice/video service. Specifically, the HUA does the following:

· Performs IMS registration upon CS Attach. When attempting initial IMS registration on behalf of the ICS User, the HUA shall derive a home IMS domain name using the identity of the subscriber (e.g. IMSI). This domain name identifies the node to which the HUA shall send the IMS registration. The HUA shall also derive IMS user identities required for the registration from this identity. It shall derive these identities in a manner that prevents collisions with other identities automatically derived from the same subscriber identity.
· Interworks CS session/service control with IMS session/service control over the HGm reference point.  This involves protocol interworking between TS 24.008 [4] Call Control (from/towards the UE) and 3GPP SIP (from/toward the IMS core). Procedures for such interworking are analogous to those defined in TS 23.292 [6] for the MSC Server Enhanced for ICS.
· Supervises, when receiving a terminating INVITE over the HGm interface, the CS setup procedure and sends an indication back to IMS if the mobile could not be reached in the cell it covers.
· Interworks CS user plane data with packet media over the Iuh reference point.  This involves protocol interworking between CS radio interface data frames and RTP.
· Initiates procedures for handover from HNB to the macro CS network over the Iuh+ reference point.

· Satisfies requests for services that do not have an equivalent in IMS or are not otherwise implemented within HUA (e.g., Circuit Switched Data/Fax, SMS) by routing such requests to the MSC Server Enhanced for IMS HNB.  This assumes the capability within the HUA to determine the appropriate domain to handle the service request that is incoming from the UE; such capability may be informed by operator policy.

Editor’s Note: The impacts of the service-based routing function to UE-MSC mutual authentication during call setup phase are FFS.
Editor’s Note: Handling of scenarios involving sessions controlled in IMS simultaneously with services controlled in CS CN (e.g. voice session in IMS, simultaneously with CS-Data in CS CN) is FFS.

This architecture assumes that the HUA function is implemented within the HNB.

6.3.2.3
HNB-GW

The HNB-GW is described in TR 23.830 [5]. For the IMS Capable HNB Subsystem, the HNB-GW assumes packet data gateway functions in support of the Hi reference point.

6.3.2.4
MSC Server Enhanced for IMS HNB

This entity is an MSC Server that has been enhanced to support Single Radio Voice Call Continuity (SRVCC) per TS 23.216 [10] and functions as needed from IMS Centralized Services per TS 23.292 [6]. In addition, this architecture assumes MSC Server enhancements to support IMS HNB. In this architecture, the key functions of the MSC Server Enhanced for IMS HNB are to:

· Perform CS Location Updates with CS authentication.  
· Assist the IMS Capable HNB Subsystem in execution of handover to the macro CS network; and interwork CS session/service control with IMS session/service control over the I2 reference point after the session has been transferred to macro CS.

· Satisfy requests for services that do not have an equivalent in IMS (e.g., Circuit Switched Data/Fax, SMS) or are not otherwise implemented within HUA.

Editor’s Note: It is FFS what are the extra enhancements that are required for an MSC Server enhanced for SRVCC to support IMS HNB.
6.3.2.4
SCC-AS

The SCC-AS offers the functionality described in TS 23.292 [6] and TS 23.237 [xx], with the following enhancements:
· If the SCC-AS decides to the call needs to be set up via the CS domain, and if the UE is registered by an IMS HNB, the SCC-AS shall direct the call towards the IMS HNB. 
· If receiving an answer from the IMS HNB indicating that it could not reach the UE, the SCC-AS shall send the INVITE to the MSC server.

6.3.3
Reference Points

6.3.3.1
HGm reference point

This reference point is between the HUA and the Proxy-CSCF element that is defined in TS 23.228 [11]. The HGm reference point is assumed to be similar to the Gm reference point as defined in TS 23.002 [9] and I2 as defined in TS 23.292 [6]. Signalling messages communicated on the HGm reference point utilize the Iuh and the Hi interface for transport.

Editor’s Note: How the HUA authenticates itself to IMS and what credentials it uses is FFS.
6.3.3.2
Hi reference point

This reference point is used to provide secured IP access from the HNB-GW for control plane and user plane of IMS sessions established by the HNB on behalf of the CS UE. Use of the Hi on behalf of a UE that uses CS procedures for voice service obviates the need to establish on behalf of the UE a standard PS domain user context over the Iu-ps reference point. It is also used to transport HGm messages to the IMS.

6.3.3.3
Iuh reference point

This reference point is between the HNB and the HNB-GW. The Iuh reference point supports the establishment by the HNB of an IP-based security association with the HNB-GW, and is also used to transport HGm messages to the IMS. Other enhancements to Iuh for IMS HNB are FFS

End Change #2
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