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Introduction
Three different approaches have been discussed for IMS Registration of an ICS subscriber in the CS network: Normal registration, initial Filter Criteria modification, and no registration.   The currently favoured approach is the initial Filter Criteria, to the point it has been discussed as a working assumption. 

IMS is a method for developing services, and an ICS subscriber will appear to be a normal IMS subscriber when it accesses the network via a packet bearer.  This paper examines the impact of using a method other than normal IMS registration. 
IMS Registration Definition and Background
Registration is like the term “trunk” in telecommunications: often used, and rarely defined!  TS 21.905 (3GPP Vocabulary) provides the following:

“Registration: This is the process of camping on a cell of the PLMN and doing any necessary LRs.”

and

Location Registration (LR): The UE registers its presence in a registration area, for instance regularly or when entering a new registration area.

TS 24.229 also provides this related definitions: 

Initial registration: The registration procedure for a public user identity initiated by the UE in the absence of any valid registration.

Reregistration: The registration procedure initiated by the UE to refresh or update an already existing registration for a public user identity.

Registration of an additional public user identity: The registration procedure initiated by the UE to explicitly register an additional public user identity during the life time of the registration of another registered public user identity, where both public user identities have the same contact address and P-CSCF.

One can debate nuances of the meaning of all of these, but one idea is clear: Registration, in general, is about letting the network know the User Equipment is available for service, and IMS Registration helps note the public user identities which are currently active in the network.
Other actions are taken at or during IMS Registration.  TS 23.228 notes: 

(para 5.7.1) “When registration is complete, S CSCF knows the name/address of P CSCF, and P CSCF knows the name/address of the UE.”

(para. 4.6.3):  “When a registration request includes an Instance ID with the contact being registered and indicates support for GRUU, the S-CSCF shall assign a unique P GRUU and a new and unique T GRUU to the combination of Public User Identity and Instance ID.

(para 4.6.1): The P-CSCF  

- Forward SIP messages received from the UE to the SIP server (e.g. S CSCF) whose name the P CSCF has received as a result of the registration procedure.

(para. 4.6.2.0): The I-CSCF 

- Assigning a S-CSCF to a user performing SIP registration (see section on Procedures related to Serving CSCF assignment)

(para. 4.6.3): The S-CSCF 

- May behave as a Registrar as defined in RFC 3261 [12] or subsequent versions, i.e. it accepts registration requests and makes its information available through the location server (e.g. HSS).

- The S-CSCF shall notify subscribers about registration changes, including the GRUU sets assigned to registered instances.
(para 5.2.1):  The Serving CSCF is able to retrieve a service profile of the user who has IMS subscription. The S CSCF shall check the registration request against the filter information and if necessary inform Application Servers about the registration of the user; it shall be possible for the filter information to allow either just the initial registrations of the user or also subsequent re-registrations to be communicated to the Application Servers. The Serving CSCF knows how to reach the Proxy CSCF currently serving the user who is registered.
…

The UE may indicate its capabilities and characteristics in terms of SIP User Agent capabilities and characteristics described in RFC 3840 [38] during IMS registration. The UE may also update its capabilities by initiating a re-registration when the capabilities are changed on the UE.

(para 5.4.5.1)  

- After registration the P CSCF stores the S CSCF name and the S CSCF stores the P CSCF name (see 4.3.4) as part of the UE related information.

(Para 5.6.0): The session origination procedures specify the signalling path between the UE initiating a session setup attempt and the Serving CSCF that is assigned to perform the session origination service. This signalling path is determined at the time of UE registration, and remains fixed for the life of the registration.

(Para 5.6.1) When registration is complete, P CSCF knows the name/address of the next hop in the signalling path toward the serving CSCF.
This is not an exhaustive list of entries, but does show how often the concept of Registered/Unregistered is used. These are entries point out: 

1. Registration helps set up the address in the P-CSCF and S-CSCF.

2. Activate other services, like location.

3. Allow notifications to go out to Application Servers to indicate that registration has occurred.
These are probably not all the actions taken during registration, but provide an interesting basis for further analysis.

ICS Service and IMS Registration
One of the suggestions for ICS has been to allow the initial Filter Criteria (iFC) to be modified by the HSS if it detects a CS registration.  Specifically, the Registered services are copied to the Unregistered service, which allows the same services for the UE to be provided, even if they are in an unregistered state.

This is a creative solution, and one (with care) that can be made to work. This is especially well suited to non-ICS UE’s which will never be available in IMS.  Notice, however, that even for these subscribers that 1. location services are not activated by the S-CSCF, so some other element will need to do this, and 2. The Registration notification to any AS will not occur.  Hence, if a service wanted to perform some action when the subscriber first registered (e.g. send a welcome message with tariff information), the service would not be able to do so since the iFC modification approach does not trigger this process.
This situation becomes more confused if the UE is IMS capable.  In this situation, the UE may have previously registered, and will continue to stay registered in IMS.  Now, however, the iFC is modified… but in this situation has no effect, since the S-CSCF considers the subscriber registered!  Even worse, the P-CSCF and S-CSCF will have an address associated with the IMS Registration, and will assume that messages should be sent to these addresses.  A very intelligent Application Server may be able to re-route the messages to the CS network where the subscriber currently resides, but this leaves a problematic situation for support personnel: Some of the network elements point to (what used to be) a valid IMS address, and others are trying to route to the CS network!

Now consider that the UE may re-register back into IMS without deregistering from the CS network.  The IMS address, all of a sudden becomes the “real” address again, and the “intelligent Application Server” will need to detect this fact, and stop directing traffic to the CS domain.  The Application Server’s job is made more difficult because the iFC (and, in fact none) of the HSS data may have changed at this time. 

Cost of IMS Registration
Could such an “Intelligent Application Server” be created?  The answer is, of course, yes.  However, another question should be asked: Is the cost of having an IMS Registration sent during CS Registration so high that it justifies this confusion?  The answer to that is “NO”!

The IMS Registration message is a SIP messages with several parameters.   It may include authentication requests, although in this case authentication should not be strictly necessary.  Interestingly enough, a UE to IMS-SIP interface already exists to support mid-call service requests (e.g. Call Hold, Call Waiting).  USSD messages are sent to the Remote User Agent (RUA), which then converts the USSD to SIP for processing in IMS.

Is it beyond belief that this same RUA could send IMS Registrations (and even Deregistration)?  Not at all!  The HLR is in the signalling path of the USSD message, and could be modified to issue the USSD message which indicates CS Registration has occurred.  It could also issue the Deregistration message if desired (e.g. when a PurgeMS MAP messages is received).  The HLR also has all the authentication information, so a challenge (if it needed to be made) could be answered correctly.  

This approach also allows an ICS UE to decide to CS IMS Register or Deregister at any time it desired.  This would allow for more flexible service offerings where the ICS UE could choose to use another IP network for a time without giving up its registered and authentication status in the CS network.  (Another HP contribution covers this topic in more depth). 
IMS Registration allows addresses to be assigned (along with other parameters) which seem to be naturally associated with the RUA and other ICS specific equipment as opposed to the Unregistered iFC.  Registration IP addresses, for instance, need to be assigned where IMS messages would be routed, and this seems to be more the domain of this equipment.  This equipment would also know its capabilities directly, and could report these accurately in the IMS Registration, instead of relying on an Application Server to discover this information on its own.

Summary and Conclusion
Registration is a wide-spread concept in IMS, and one which should be modified carefully.  Approaches which use non-registration approaches (e.g. iFC modification) could potentially be made to work, but result in a much more complicated system which lacks a simple and consistent paradigm.  The result is that a lot of services may need to be change to be “ICS aware”, instead of being able to act as if they support a “normal” IMS UE.

The cost of generating an IMS Registration via the existing Remote User Agent is not all that high, and prevents this level of confusion.  The benefits are greater than the cost.  The ICS UE is again presented as a IMS UE in all cases; it is simply at some IP addresses which are connected to the CS Network part of the time.  

Given this situation, it is requested that any working assumption of iFC modification be re-examined, and IMS Registration via the RUA once again be considered. 
