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Abstract: Centralized control of services will not be a reality in Release 7 VCC.  This has impact on the existing services for a CS subscriber.  One of the tasks an operator will have to perform to deploy Release 7 VCC is to change the HLR subscription to make sure that has been a key concept which is used to make VCC possible, but with this solution comes a problem: How can Supplementary Service (SS) settings be shared across 2G and IMS?  This contribution suggests the HLR/HSS holds the answer to this problem. 

1. Introduction
An operator which chooses to deploy Release 7 VCC will need to modify the CS subscription of any subscriber using the VCC service.  Some services which would normally be offered to the CS subscriber probably should be not be offered since they will probably interact with the services in IMS, or will not be needed.  Others may need to be made available, but may need to be synchronized between the CS and IMS system. 

The following new informative appendix is designed to assist an operator in setting up a subscription on the HLR in order to support a VCC subscriber. 

Annex C (informative): CS Subscription Settings for Release 7 VCC

This section describes the Supplementary Service and CAMEL services settings in the Circuit Switched domain which may be needed to be modified to support a VCC subscriber.   Since the Supplementary Services delivery mechanism is not completely standardized and network deployments will vary, this Annex describes issues the services and various approaches for providing CAMEL and Supplementary Services in Release 7.

C.1. Assumptions

The VCC system will eventually provide all services in the IMS system.  The current system routes all incoming calls to IMS, and should provide incoming call services with IMS.  This means that incoming call services, in general, should be disabled in the CS Domain. 
Call origination will also generally be routed to the IMS domain in Release 7.  Because of this, many call origination services may be provided via IMS.  The routing of the call to IMS is done via CAMEL Origination triggers, which means that the HLR subscription without CAMEL will have to have this information added, and those with CAMEL will  need to have a CAMEL service modified to incorporate this in its processing. (Reference Section 6.xxx on CAMEL Impacts).
Mid-call services are some of the most difficult to support, since the service could be invoked in one domain, and then a domain transfer may occur.  This often leaves the mid-call service “hanging”, although some like Call Deflection (CD) do not suffer from this problem.  It is assumed here UE will not perform a domain transfer if such a service is active, or will automatically deactivate and reactivate the service in the new domain.

C.2. Service Impacts
The following list of Supplementary Services is from TS 22.004 for services which apply to Voice. This table summarizes the service as provided at Call Termination, Call Origination, or Mid-call. It also indicates what a typical network setting might be.
	No.
	SS
	Type
	Suggested CS State

	1
	eMLPP
	Terminating and Originating
	Operator Choice

	2
	CD
	Mid-call
	Operator Cautioned

	3
	CLIP
	Terminating
	Active

	4
	CLIR
	Terminating
	Active

	5
	COLP
	Terminating
	Active

	6
	COLR
	Terminating
	Active

	7
	CFU
	Terminating
	Inactive

	8
	CFB
	Terminating
	Inactive

	9
	CFNRy
	Terminating
	Inactive

	10
	CFNRc
	Terminating
	Inactive

	11
	CW1
	Mid-call
	Operator Cautioned

	12
	HOLD2
	Mid-call
	Operator Cautioned

	13
	MPTY
	Mid-call
	Operator Cautioned

	14
	CUG
	Terminating and Originating
	Operator Cautioned

	15
	AoCI
	No
	Operator Option

	16
	AoCC
	No
	Operator Option

	17
	UUS
	Terminating and Originating
	Operator Option

	18
	BAOC
	Originating
	Inactive

	19
	BOIC
	Originating
	Inactive

	20
	BOIC‑exHC
	Originating
	Inactive

	21
	BIC
	Terminating
	Inactive

	22
	BIC‑Roam
	Terminating
	Inactive

	23
	ECT
	Mid-call
	Operator Cautioned

	24
	 CCBS
	Mid-call
	Operator Cautioned

	25
	SPNP 
	Terminating and Originating
	Operator Cautioned

	26
	CNAP
	Terminating
	Active

	27
	MSP
	N/A
	Operator Cautioned

	28
	MC Multi Call
	Mid-call
	Operator Cautioned


Notes:
1. Active indicates the service should probably be activated in most networks for VCC subscribers.  Inactive indicate the service should not be offered for VCC Subscribers in most networks.

2. Operator Option indicates that the service may be offered with no risk to VCC, but may not work all the time in Release 7 (e.g. when the subscriber moves to IMS).

3. Operator Cautioned indicates the service may work  in some networks, but may also have significant impacts on VCC transfers working, or VCC may prevent the service from working in a significant number of cases.  Careful consideration should be done before these features are activated for a VCC subscriber.

The following paragraphs provide more discussion of each of the different service groups in relation to VCC.

C.2.1 Enhanced Multi-Level Preemption and Priority (eMLPP)
This supplementary service is designed to allow classes of subscribers to receive priority service (e.g. during an emergency).  This service may be enabled without harm to the VCC subscriber, but since there is no comparable IMS service at this time, an eMLPP subscriber may not receive any priority during IMS processing, and eMLPP would not be able to invoked for a call originated in the IMS domain.  

Since it will not cause errors with the existing VCC subscription, it is up to the operator whether this is enabled or not.  An operator may wish to considerer if the VCC handsets they choose should allow an eMLPP call to change domains, or remain in the CS domain (e.g. be treated like an emergency call). 

C.2.2 Call Deflection (CD)

This supplementary service allows a subscriber to send an incoming call to another number.  The subscriber enters in the number as the call is being delivered (e.g. during ringing).

Call Deflection may not be supported in IMS.  No signalling between the handset and IMS has been defined in this release for this capability.  However, the Call Deflection would work correctly in the CS domain.
One effect of CD may be to indicate to IMS the subscriber has in incoming call active, when in reality the call is simply anchored in the MSC, and the subscriber is free to accept another call.  A second call received by IMS while a CD call is ongoing may result in the seconded call receiving a “subscriber busy” indication in IMS.

Use of Call Deflection is an operator option.  Specific network details (e.g. how calls are determined to be busy) should be considered before it is enabled. 
C.2.3 Call Line Identity Services (CLIP/CLIR/CLOP/CLOR and CNAP) 

Calling Line identity services control display of the calling party to the called party. Specifically, these services are:

1. Calling Line Identification Presentation (CLIP):  Allows the subscriber to see who is calling by number.
2. Calling Line Identification Restriction (CLIP): Allows the calling party to prevent the called party from seeing the calling number.

3. Connected Line Identification Presentation (CLOP): Allows the subscriber to see who is calling by name 

4. Connected Line Identification Restriction (CLOR): Allows the calling party to prevent the called party from seeing who is calling by name.

5. Calling Name Presentation (CNAP): Allows the called party to see both the name and number of the calling party.

IMS should making accurate calling line information available during the setup of the call to the MSC for terminating calls.  Because of this, no problems should occur from enabling CLIP, CLOP, and CNAP.
The MSC can still restrict the identification of an originated call.  However, this information will be processed by a CAMEL service to redirect it to the IMS, and so the IMS may have the information with no indication that CLIR or CLOR are active.  As such, the call will come regardless having CLIR and CLOR active, but they may not result in the restriction of the subscriber’s information.

The operator should be able to use CLIP, CLOP, and CNAP as expected, but should be sensitive to the impact of an installation on CLIR and CLOR.

C.2.4 Call Forwarding Services (CFU, CFB, CFNRy, CFNRc)

Call Forwarding services consist of the following:

1. Call Forwarding Unconditional (CFU): The call is forwarded as soon as the service receives the call.

2. Call Forwarding Busy (CFB): The call is forwarded if the subscriber already has another call active.

3. Call Forward No Reply (CFNRy): The call is not answered by the subscriber within a given about of time, and so is forwarded.
4. Call Forward Not Reachable (CFNRc): The subscriber is not registered to any MSC in the network, and so the call is forwarded.

Call Forwarding is to be supported in IMS in Release 7.  Because of this, call forwarding should not be  enabled in the CS domain.  

Specific networks may want to want to have CF active for specific reasons.  CFU can be used, for instance to divert calls to the IMS network when they are received for an existing subscriber which has been migrated to VCC.  CFNRc might be used if the HLR is queried for an serving system, and the subscriber is not registered.

It is the intent to have IMS support Call Forwarding in part so that Call Forwarding and Call Barring interactions are controlled properly.  An operator using Call Forwarding in the HLR for a Release 7 system should take this into account. 
C.2.5 Call Wait (CW) and Call Hold (HOLD)

Call Waiting allows a subscriber to receive information about another call which is incoming while another call is ongoing.  It also allows the subscriber to switch to that new call, reject  it, or ignore it altogether.

Call Hold allows a subscriber to disconnect from an ongoing call temporarily.  The subscriber is then free to make other calls, complete them, and then return to the “held” call.

Both of these services are troublesome in VCC Release 7.  A held call, for instance could easily be orphaned if the subscriber changes domains, and never be taken back off of hold.  Call Waiting will place the original call “on hold” if the incoming call is accepted, resulting in the same problem.

The existing IMS Call Waiting and Call Hold solutions are implemented in the handset, and are not able to be used in VCC either, as they have the same limitation.
A new Application Service which will apply to the Remote Leg of the conversation will need to be developed at some time, and will need to be able to receive messaging from the UE in both the IMS and CS domains.  A Release 7 “workaround” is to require the handset remove any call which is currently on hold, and place them on hold again in the new domain.  This may work for CS to IMS transfers, since the handset can make sure to discard any bearer traffic received from the on-hold call, and not to generate any traffic to the call on hold.  Movement from the IMS to the CS domain is more problematic, since it would require handset to set up one call, place it on hold, have a second call placed, and then have the Border Gateway switch both bearer streams to their respective call legs. This will add considerable time to the call setup during VCC domain transfer from IMS to CS.
These actions are not standardized as this time, so the use of Call Hold and Call Waiting for a VCC subscriber should be judged carefully at this time. 
C.2.6 Multi Party (MPTY) 

Multiparty service is another service which can cause problem with Release 7 VCC during domain transfer. Multiparty service allows the subscriber to have an ongoing call, place the one on hold, and then combine the new call with the old, so that all three parties may talk.  
Multiparty suffers from the problems with Call Hold discussed in the prior situation.  Again, it will require the CS system to set up two complete calls before switching to the domains and add time to the handover.

These actions are not standardized as this time, so the use of Multiparty service for a VCC subscriber should be judged carefully at this time. 

C.2.7 Closed User Group (CUG)

Closed User Group service allows a set of subscribers to be defined which can call each other, but not necessarily call outside their own group.  A CUG identifier needs to be included in the call messaging to allow the MSC to determine if a call can be originated, and the HLR to see if a call can be terminated.
IMS is not currently standardizing a CUG service in Release 7.

It is recommended CUG subscribers not receive VCC service in Release 7.

C.2.8 Advice of Charge (Information) (AoCI) and Advice of Charge (Charging) (AoCC)

AoCI and AoCC allow a subscriber or a user of a subscriber’s equipment to receive information about the cost of a call.  This cost will be complicated by the ability of a call to move from the CS domain to the IMS domain and back. 

IMS is not currently standardizing AoCI and AoCC in Release 7.

An operator should carefully consider if AoCI and AoCC should be offered to VCC subscribers.
C.2.9 User to User Signalling (UUS)
User to User signalling is a service designed to allow small amounts of data to be sent from one subscriber to another without network interpretation. 

IMS is not currently standardizing UUS. UUS data transfers may be disrupted by VCC domain transfers.

An operator should carefully consider if UUS service be offered to VCC subscribers.
C.2.10 Call Barring (BOAC, BOIC, BOIC-exHC, BIC, BIC-Roam)
Call Barring prevents a call from being made.  This service may be controlled by the subscriber, and should be considered different from the Operator Determined Barring (ODB) controlled in the HLR. 

 The different Call Barring services are:

1. Barring Outgoing, All Calls (BOAC): The subscription does not allow any outgoing calls.
2. Barring of Outgoing International Calls (BOIC): The subscription does not allow outgoing international calls.

3. Barring of Outgoing International Calls except to Home Country (BOIC-exHC): The subscription does not allow outgoing international calls unless they are going to the country where home network is located.

4. Barring of Incoming Calls (BIC): The subscription does not allow any incoming calls.

5. Barring of Incoming Calls when Roaming (BIC-Roam):  The subscription does not allow any incoming calls while roaming.

IMS is to provide these services in Release 7.  As such, they should be disabled in the CS network to prevent problems with a call being allowed in one domain and not allowed in another.
C.2.11 Explicit Call Transfer (ECT)
Explicit Call Transfer is a service which is used to allow a subscriber to “drop out” of a multiparty call without disconnecting the other subscribers.

ECT is much like Call Deflection in the sense that ECT is invoked via a single message, and will not have the possibility of a domain transfer.

An operator should be able to offer ECT if Multiparty calling is also offered.
C.2.12 Call Completion to Busy Subscribers
Call Completion to Busy Subscribers is a service where one subscriber can ask the network to “camp” on another phone number which is busy, and to call back when the busy phone is available. 

IMS is not currently standardizing CCBS in Release 7.

CCBS may work if a full call origination is used to contact the VCC subscriber who requested the service.  However, any routing optimizations to set up the call to the requesting subscriber may be disrupted by VCC.

An operator should carefully consider if CCBS should be offered to VCC subscribers.
C.2.13 Support of Private Numbering Plan (SPNP)
The Support of Private Numbering Plan (SPNP) supplementary service enables a subscriber to use a private numbering plan (PNP) for communication across one or more networks with mobile and fixed users. A PNP gives the capability to place calls by using digit sequences which may have different structures and meanings than provided by the public numbering plan.

VCC does not impact this service directly; however, IMS does not have an explicit requirement to support SPNP in Release 7.  

An operator should carefully consider if SPNP should be offered to VCC subscribers.
C.2.14 Multiple Subscription Profile (MSP) 
Multiple Subscription Profile allows a subscriber to have multiple subscriptions in the HLR and switch between them via USSD messaging.
VCC does not impact this service directly; however, the subscriber may not generate USSD messages while they are receiving service IMS.  Also, all the subscriptions should support VCC processing.
An operator should carefully consider if MSP should be offered to VCC subscribers.
C.2.15 MultiCall (MC)
MultiCall  is a supplementary service which allows a single handset to support multiple calls at the same time.  Only one of these calls is allowed to be a speech call, however.  Fax or Data may use the other call.

VCC only applies to speech calls, and so domain transfers of the other calls has not been defined in Release 7.

An operator should carefully consider if MC should be offered to VCC subscribers.
