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1. Introduction

This document address the problem associated with call delivery, when a network element in IMS has to determine whether to terminate an incoming call in CS or IMS domain.

For VCC UEs in IMS, a 3rd party registration is performed by the S-CSCF to the VCC AS, and all calls are anchored.  The VCC AS uses IMS registration-status and “last known access network type” to perform domain selection. 

It is possible that a “VCC UE”
 moves from a UTRAN supporting optimizations for VoIP, to a UTRAN not optimized for VoIP (e.g.: some HSPA cells, UMTS cells etc.).  In this case:

a) the IMS registration still remains valid;

b) the ‘last known access network type’ (included in IMS registration) is not updated.

In this case, the VCC AS still tries to deliver the call as VoIP in IMS domain, which may not succeed. The domain selection has no way of accurately determining which domain to terminate the call in. 

This contribution tries to explain the problem based on current 3GPP specs, and opens discussion for possible solutions.

2. Problem Description
The current VCC spec [1] defines domain transfer between VoIP calls over WLAN and CS calls over GSM/UMTS. General domain selection principles applying to domain transfer between IMS and CS domain are also covered.

Calls originating from or terminating towards all “VCC UEs” are anchored in the IMS domain. 

The Domain Selection Function (DSF) in the IMS domain performs domain selection to determine whether to terminate an incoming call in CS or IMS domain. 
The Domain Selection criteria are defined in [1] and repeated here for convenience:

For determining which domain shall be selected to terminate the voice call the domain selection function shall be able to use the following:

-
The state of the UE in the circuit switched domain. This state information shall include: Detached, Attached.

-
The UE capability to support the full duplex speech component of IMS multimedia telephony.

-
The state of the UE in the IMS. The state information shall include: Registered, Deregistered.

-
The last known access network type of the IP-CAN when the UE is IMS registered.

-
User preferences and/or operator policy.
-
The domain used by an existing call anchored at the VCC application.
-
The media components included in the incoming IMS multimedia telephony.
In order to aide the DSF, for all VCC UE’s registered in IMS, the S-CSCF performs 3rd party registration at the DSF based on some filter criteria. These filter criteria are based on subscriber profile. 

A VCC UE may move back and forth between UTRANs that are optimized for VoIP and those that are not. E.g.: A UE moving between HSPA and HSPA+ cells; UMTS Rel-6 and HSPA+ cells; LTE and HSPA cells and so on. One of the examples is shown below.
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Figure 1 A UE moving between VoIP optimized and Non-VoIP optimized UTRAN

IMS Registration is not updated

However, the current specification [3] does not allow the UE to know when it has moved in or out of a HSPA+/LTE or VoIP optimized area.
Also, since both UTRANs are connected to the IMS network via 3GPP packet-switched core network, the 3rd party registration to VCC AS is not updated. 
P-Access-Network-Info does not provide enough information

For call termination, the VCC AS performs the domain selection based on the criteria in [1], in particular: the state of the UE in IMS, and the last known access network type of the IP-CAN when the UE is IMS registered.
The access network type is made known to the IMS server by the UE including the P-Access-Network Info header in the SIP REGISTER message [5]. 
The format of this field includes the access-type (e.g.: "3GPP-GERAN","3GPP-UTRAN-FDD", "3GPP-UTRAN-TDD") and cell-id (a "utran-cell-id-3gpp" parameter set to a concatenation of the MCC, MNC, LAC and the UMTS Cell Identity); which is not enough information to indicate to the IMS server whether the cell is VoIP optimized or not
.
This leads to potential call delivery failure as shown in the call flow below. [Another possibility is VoIP call delivery is allowed by the operator for a UTRAN not enhanced for VoIP, which leads to inefficient use of radio resources.]
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Figure 2 Registration and Call Termination procedures for a VCC UE 
There are various possible ways to deal with call delivery failure:

1. The call fails: this leads to bad user experience.

2. Forward the call to voicemail: this also leads to bad user experience

3. The VCC AS receives call failure indication and tries to deliver the call in CS domain: this leads to call setup delay and would require changing the SIP timers in order for the calling party to not hang up in the meantime.

Essentially, the domain selection function of the VCC AS is required to deal with radio-related mobility that currently does not trigger signalling from the UE. 

For call termination to work efficiently, UE needs to be made aware of capability change when moving between VoIP optimized HSPA+/LTE and non-VoIP-optimized HSPA/UMTS cells; and indicate the capabilities to VCC AS. 
3. Conclusion

It would be beneficial to recognize the problem of VoIP call delivery that exists in 3GPP specifications today. Possible solutions for solving this issue should also be discussed. 
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� According to [1], VCC UE is a VCC capable User Equipment with an active VCC subscription. It is capable of operating voice over IMS.


� It does not seem feasible for an operator to maintain a list of all cell-ids in IMS domain, with indication whether it supports VoIP optimizations or not.
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