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1. Introduction
This paper discusses the impact of coverage lost during idle mode for the terminated call routing function within the NeDS.
Considering the following scenario:
A Dual Mode Handset is simultaneously IMS registered as well as CS attached. The NeDS gets informed about these registration states during IMS registration and by help of the Mobility Event Package information exchange. Neither a CS call nor an IMS session is ongoing. The operator or the user preferentially wants CS connections in case of incoming calls. Meanwhile, the UE looses e.g. GSM coverage, but WLAN coverage is still available. The NeDS would, because of the previous call termination routing settings, divert this call into the CS domain (UE is still CS attached). The CS network pages the UE, but the UE is not able to respond, it probably does not even receive the paging requests. Calling the UE takes around 10 seconds, after then the caller will hear the no reply indication. The network will detect the UE’s loss of coverage when the location update timer expires (could take around 30 minutes).  
What is different compared to GSM and UMTS?

The UE is never attached to GSM and UMTS in parallel, if one access technology allows better or the only possible radio coverage, the UE changes the RAT and indicates this to the network. If this is not enough to get access, it also changes the network, and again for the network there is one route towards the UE.

On the other for a dual mode handset camping on both IPCAN and GSM/UMTS simultaneously is allowed. The network has no indication (beside the registration states) if both kinds of access types are available. At the moment there is no mechanism, which informs the network about the real accessibility like it happens between UMTS and GSM.   
Sections 2 and 3 of this contribution show even more clearly the previously discussed problem and contain proposals to solve the network unattended UE loss of coverage issue.  
2. UE detects loss of CS coverage
In the scenario below a dual mode handset is both, IMS registered and CS attached. Operator or user settings prefer CS connections in case of incoming calls. The CCCF/NeDS is configured accordingly.

Now the UE detects loss of CS coverage:

Scenario 1: The UE does not send loss of coverage indication

A terminated call would be routed by the CCCF/NeDS towards the CS domain, the UE would be paged (one or more times), but would not send a paging response.

After between 10 to 15 seconds the caller would get a no reply indication. 
Scenario 2: UE sends loss of CS coverage notification
The UE sends a SIP NOTIFY (CS status = attached-noCoverage) to the CCCF/NeDS, which indicates loss of CS coverage.
The CCCF/NeDS updates its routing setting for this particular UE. An incoming call is now routed into the IMS domain.
The UE detects CS coverage.

Scenario 3: UE sends CS coverage re-detect notification
The UE gets CS coverage again and sends a SIP NOTIFY (CS status = attached-Idle) to the CCCF/NeDS, which indicates gaining CS coverage again.

The CCCF/NeDS updates its routing setting for this particular UE. An incoming call is now routed again into the CS domain according the original operator or user settings.
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Figure 1: Loss of CS coverage

3. UE detects loss of IPCAN coverage
In the scenario below a dual mode handset is both, IMS registered and CS attached. Operator or user settings prefer IMS connections in case of incoming calls. The CCCF/NeDS is configured accordingly.

Now the UE detects loss of IPCAN coverage:

Scenario 1: The UE does not send loss of coverage indication

A terminated call would be routed by the CCCF/NeDS towards the IMS domain.

After between 10 to 15 seconds the caller would get a no reply indication. 

Scenario 2: UE sends loss of IPCAN coverage notification
The UE sends a USSD signalling message (IPCAN status = coverageLost) to the CCCF/NeDS, which indicates the loss of IPCAN coverage.

The CCCF/NeDS updates its routing setting for this particular UE. An incoming call is now routed into the CS domain.

The UE detects IPCAN coverage.

Scenario 3: UE sends IPCAN coverage re-detect notification
The UE gets IPCAN coverage again and sends a SIP NOTIFY (IPCAN status = coverageRecovered) to the CCCF/NeDS, which indicates gaining IMS access back again.

The CCCF/NeDS updates its routing setting for this particular UE. An incoming call is now routed again into the IMS domain according the original operator or user settings.
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Figure 2: Loss of IPCAN coverage

4. Proposed changes to TR 23.806 (or the according TS sections)
To reflect the above proposed concept in the VCC Specifications, following modifications are proposed:
*** START OF CHANGES AGAINST SECTION 6.2a.1 ***
6.2a.1
Registration

6.2a.1.1
CS Domain Registration
The normal location update procedure (ref TS 24.008 [13]) is used by the UE to register to the CS Domain. If the UE is also registered to the IMS domain, the UE indicates to the CCCF/NeDS Function about its CS status (e.g., IMSI attach state).
6.2a.1.2
IMS Domain Registration
6.2a.1.2.1
IMS registration with CCCF/NeDS
Registration with the CCCF/NeDS follows the same procedure as defined in TS 23.228 [9] for Application Server (AS). The filter criteria contains a condition that a 3rd party registration should be performed via the ISC interface.

After registration is performed, UE indicates to CCCF/NeDS function of its current CS status (detach/attached-idle/attached-active).  

IMS registration is done independently of the UE’s CS state.
6.2a.1.3
Information exchange between UE and CCCF/NeDS

When UE is registered to the IMS Domain, the following information is exchanged between CCCF/NeDS and UE. 

Collect certain CS Domain related information from the UE: This includes CS status = detached, attached-idle/attached-active/attached-noCoverage.
Collect IPCAN related information from the UE: IPCAN status = coverageRecovered.
Communicate Operator policy and user’s preference between the UE and CCCF/NeDS.
When UE is registered to the CS Domain, the following information is exchanged between CCCF/NeDS and UE.
Collect IPCAN related information from the UE: IPCAN status = coverageLost.
6.2a.1.3.1
Use of Mobility Event Package Subscription

Note: The term “Mobility Event Package or MEP” is used throughout this TR to describe the process where information are exchanged between UE and CCCF/NeDS. Another terminology e.g, Mobility Event Information, maybe adopted for this TR. 

Mobility Event Package is used to by the CCCF/NeDS and UE to update each other the needed information. 
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Figure 6.2a.1.3-1: Mobility Event Package call flow

1.
UE is completing the IMS registration

2.
CCCF/NeDS function is informed of UE registration 

3.
CCCF/NeDS and UE subscribe to each other’s mobility event package. As part of the subscription, the UE indicates its CS status (i.e. detached, attached-idle/attached-active/attached-noCoverage), its IPCAN status (i.e. coverageRecovered) and can also include user’s preference to the CCCF/NeDS. The CCCF/NeDS can also download operator’s policy to the UE.

Note: Mechanism/protocols for information exchange needs to taken into account the possibility that there could be multiple IMS devices registered to IMS using the same IMPU (IP multimedia Public User Identity). However, some of the devices may not be VCC capable. The CCCF/NeDS will need to be able to distinguish the VCC device.

6.2a.1.3.2
Use of USSD Information Exchange

USSD signalling is used to by the UE to notify the CCCF/NeDS when IPCAN coverage has been lost.
*** END OF CHANGES AGAINST SECTION 6.2a.1 ***
*** START OF CHANGES AGAINST SECTION 6.2.2 ***
6.2.2
Network Domain Selection (NeDS)

6.2.2.1
Description of Network Domain Selection Functionality

NeDS function is the control point for selecting which domain to use for terminating a call.
Normally it may be expected that a CS terminating call will terminate on the CS side of a multi-mode terminal, and an IMS terminating call will terminate on the IMS side of a multi-mode terminal, there are situations where the selection of the other domain is appropriate (e.g. in the case of a CS terminating call when the terminal is not CS-attached, but is IMS registered). In addition to technical considerations, user preferences and service availability considerations may need to be considered and are implemented in the NeDS function.

The decision of the domain in which to terminate the call could be generalised as the "Terminating network domain selection" (Terminating NeDS).functionality. Note that NDS implies Network Domain Security, so NeDS has been suggested as an alternative abbreviation.

Below are some of the factors which could influence the Terminating Network Domain Selection.

-
Registration status (CS attached; IMS registered (for multimedia telephony), or both);

-
IPCAN capabilities (in case of IMS registered);

· Service/subscription/operator preferences.

Domain selection shall be in accordance to TS 23.221 [8], clause 7.2.  In order to generalise the discussion and understand the requirements the following is a general approach to the problem.
The Network Domain Selection (NeDS) function can be characterised as follows:

-
The NeDS function is aware of whether the terminal is registered on IMS from a device that is Multimedia telephony (with IMS voice) capable, and on an access that is capable to support IMS voice;

· The NeDS function is aware of whether the terminal is attached to the CS domain.

· The NeDS function is aware of or can obtain the ongoing voice call in the IMS and the CS domain.
· The NeDS function is aware about temporary loss of coverage conditions.

The NeDS function controls the decision as to the appropriate terminating domain, taking into account the operator, user and service preferences.

Editor Note: the splitting of the NeDS from the CCCF may be reconsidered, when the TR conclusion on a solution is reached.
6.2.2.2
Routing Selection Decision

This section describes decision logic for the NeDS function. Different logic may be used depending on which domain triggers this function.

Examples of the decision logic are shown in Annex B.

*** END OF CHANGES AGAINST SECTION 6.2.2 ***
*** START OF CHANGES AGAINST ANNEX B ***
Annex B: Routing Selection Decision Logic

B.1
NeDS function is invoked from the CS Domain
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Figure 1. NeDS logic (CS Domain triggered)

If UE is already engaged in CS call then additional call should be continuing directed to CS domain. This is important for supplementary services like CW, conferencing, CFB, HOLD.

When CS is idle, then user preference may be indicated during IMS Registration phase that voice call should be done via CS or IMS. However, operator ‘s rule is deciding which way to route the call.

B.2
NeDS function is invoked from the IMS Domain



[image: image6.wmf]Is 

UE 

reachable in 

CS

?

Is CS in 

dedicated 

mode

Yes

Route via CS 

Domain

Yes

start

Allow SS 

(

e

.

g

.

, 

call waiting

) 

to be 

handled

Operator policy 

+ 

User preference

No

Decision is to CS

Route via IMS

Decision to IMS

No

Is UE 

reachable in 

IMS

?

Yes

Operator policy 

+ 

User preference

No

Decision to CS

Other logics

Session

continue

in 

IMS


Figure 2. NeDS logic (IMS Domain triggered)

If UE is not registered (or reachable) in the IMS domain then it should be possible to invoke other IMS service besides VCC if desired. 

If UE is already engaged in CS call then additional call should be continuing directed to CS domain. This is important for supplementary services like CW, conferencing, CFB, HOLD.

User preference may be indicated during IMS Registration phase that voice call should be done via CS or IMS. However, operator ‘s rule is deciding which way to route the call.

*** END OF CHANGES AGAINST ANNEX B ***
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