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1. Introduction

This contribution is a draft report on the Combined MAP Signalling for feasibility study. 

In release 99 and earlier, the interaction between SGSN and MSC/VLR is specified as network option in order to reduce the signalling resource between an MS and a serving node. When an MS, which has both CS and PS capabilities, is located in a network that has the optional interface between SGSN and MSC/VLR (Gs interface), the MS can invoke combined mobility management procedure (e.g. Combined RA/LA update). The Gs interface is used for only radio layer 3 interface to the MSC/VLR so that the SGSN and the MSC/VLR have to handle the mobility management MAP operations respectively.

The combined MAP operations aim to reduce the MAP signalling between a HLR and a serving node by means of combining separated operations for CS and PS domain into domain common operations for a integrated serving node (ISN) that has capabilities of both SGSN and MSC/VLR.

2. Working Assumptions

2.1. 
Architectural impacts
Basically, entities except HLR that supports combined MAP operations see an ISN (Integrated Serving Node) as either a VLR/MSC (MSC Server) or a SGSN. 
Figure1 shows basic configuration in a network that an ISN is utilized as serving node. 
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Figure 1: basic configuration in a network utilizing ISN
The new entity and interface are defined as follows:

· Integrated Serving Node (ISN)

An ISN has same capabilities as both a MSC/VLR (MSC Server) and a SGSN. Additionally, the ISN can invoke Combined MAP signalling for mobility management when a HLR for a serving subscriber supports Combined MAP operations. Entities except a HLR that supports combined MAP signalling see an ISN as either a MSC/VLR (MSC Server) or a SGSN. An ISN may exchange combined CS and PS domain data with a HLR when a mobile station requires a particular service for combined mobility management.

· Interface between the ISN and the HLR (J-interface)

This interface is used to exchange data related to location of mobile stations and to management of the subscribers between an ISN and a HLR. When the HLR does not support Combined MAP operations, the ISN invokes D-interface MAP operations for CS subscribers or Gr-interface MAP operations for PS subscribers through this interface. When a HLR supports Combined MAP operations, the ISN invoke Combined MAP operations through this interface. Signalling on the interface use the Mobile Application Part (MAP), which in turn uses the services of Transaction Capabilities (TCAP). See TS 29.002.
2.2. 
Interaction with a HLR does not support the Combined MAP operations
The assumption is that an ISN has a table set up by administrative action to define which HLR supports Combined MAP operations. The table can minimise the number of drop-backs in the ISN that would occur due to incompatibility between entities. 

An ISN shall support separated operations to use on the interface with an HLR that does not support Combined MAP operations, and also shall support drop-back mechanism in case that the table is not accurate. The drop-back mechanism is realized as an application feature. The drop-back mechanism initiates separated MAP operations when the ISN recognises that the HLR does not support Combined MAP operations.

2.3. 
Impacts on an access signalling
The assumption is that an ISN has the same functions on access signalling as an MSC/VLR and an SGSN. A mobile station and an access network can see no difference between an ISN and MSC (MSC Server) for CS domain and SGSN for PS domain. 

2.4. 
Applicability to the separated serving node
In R99 study, it was required that the applicability to the separated serving node should be considered so as not to preclude that the separated serving node apply Combined MAP operations. 

It is assumed that the separated serving node can support Combined MAP operations by enhancing Gs-interface. 

The assumption of this study is the introduction of the integrated serving node involving Gs-interface as internal interface, so that the applicability to the separated CN is out of scope for the report.
2.5. 
Possibility of different conditions and services between CS domain and PS domain

In current separated CN, a SGSN can support CAMEL phase3 even then a MSC/VLR in the same PLMN supports CAMEL phase2. And a HLR can support different regional subscription data between CS domain and PS domain. Combined MAP operations should guarantee a possibility of different conditions and services between CS domain and PS domain for a particular subscriber.

3. 
General Description
When an MS enters a new RA in network operation mode I, the MS can send Routeing Area Update Request message indicating that an Location Area update also need to be performed as specified in TS 23.060. This Combined RA / LA Update Procedure is useful to save radio resources.

In R99 and earlier CN, MAP Location management operations are launched for CS domain and PS domain respectively because there are different serving nodes for each domain, even so the MS invokes the Combined RA / LA Update Procedure. In case the serving nodes can be integrated as Integrated Serving Node (ISN), the ISN can launch single combined location update operation for both domains in place of those operations in order to reduce the MAP signalling.

The aim of Combined MAP operations is to reduce the signalling cost of mobility management procedure (e.g. location management, subscriber management). These operations for CS domain and PS domain between HLR and ISN can avoid redundant operations and cut down required resources for the operations.
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Figure 2: Update location procedure in a network utilizing separated nodes
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Figure 3: Update location procedure in a network utilizing integrated nodes

4. Functional Description

The introduction of Combined MAP operations consists of the following modifications.

· Addition of a new SSN for Integrated Serving Node

· Addition of a new application context and a new operation for combined update location procedure by enhancing update location and update location for GPRS procedure  

· Addition of a new parameter to MAP Combined Update Location, MAP Cancel Location and MAP Purge messages, which indicates three flavours (i.e. for CS, for PS or for both CS and PS) of the operation.

4.1. 
Location Management
(1) Update Location procedure
· ISN has an ability to launch five kinds of location update related messages depending on a HLR’s capability and a MS’s request.

· If the HLR for the MS has a capability to receive combined location update message, the ISN can requests following:

· MAP Combined Update Location for both CS and PS domain

· MAP Combined Update Location for CS domain

· MAP Combined Update Location for PS domain

· If the HLR for the MS does not have the capability to receive combined location update message, the ISN shall requests one or both of the following:

· MAP Update Location for CS domain

· MAP Update GPRS Location for PS domain

· Combined location update message for both CS and PS domains can be invoked under the following conditions:

· An MS initiates combined RA/LA updating or combined GPRS/IMSI attach.

· Serving ISN will change.

· When a HLR receives combined location update message, the HLR keeps track of a subscriber whether or not a subscriber is registered in ISN.
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Figure 4-a: Update location procedure handled by ISN (1/6)
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Figure 4-b: Update location procedure handled by ISN (2/6)
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Figure 4-c: Update location procedure handled by ISN (3/6)
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Figure 4-d: Update location procedure handled by ISN (4/6)
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Figure 4-e: Update location procedure handled by ISN (5/6)
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Figure 4-f: Update location procedure handled by ISN (6/6)

(2) Cancel Location procedure
· A HLR supporting Combined MAP operations can invoke three kinds of cancel location messages to the ISN.

· MAP Cancel Location for both CS and PS domain

· MAP Cancel Location for CS domain

· MAP Cancel Location for PS domain

· A cancel location message for both CS and PS domain is invoked under the following conditions.

· The HLR has received combined location update message for CS and PS domain for the subscriber from a new ISN.

· The subscriber has been registered in the same ISN for each domain.

· An ISN shall have an ability to receive cancel location message from a HLR as a ISN or as a VLR or as a SGSN. The terminating SSN value indicates which entity the HLR recognises as a location register for the subscriber.
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Figure 5-a: Cancel location procedure handled by ISN (1/5)
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Figure 5-b: Cancel location procedure handled by ISN (2/5)


[image: image12.wmf] 

New ISN

 

HLR supporting CMO

 

MAP Combined Update Location

 

(for PS)

 

MS

 

RA updating

 

CMO: Combined MAP Operations

 

Originating SSN: ISN

 

Previous ISN

 

MAP Cancel Location

 

(for PS)

 

Terminating SSN: ISN

 


Figure 5-c: Cancel location procedure handled by ISN (3/5)
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Figure 5-d: Cancel location procedure handled by ISN (4/5)
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Figure 5-e: Cancel location procedure handled by ISN (5/5)

(3) Purge procedure
· An ISN has an ability to launch three kinds of purge procedure that means purging for CS domain, for PS domain and for both CS domain and PS domain respectively.
· The purge message for a subscriber for both CS and PS domains is invoked under the following conditions.

· The MS has not established any radio contact for a period determined by the serving network operator.

· The MS has been served by the ISN for both domains.

· The HLR supports Combined MAP operations.
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Figure 6-a: Purge procedure handled by ISN (1/6)
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Figure 6-b: Purge procedure handled by ISN (2/6)
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Figure 6-c: Purge procedure handled by ISN (3/6)
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Figure 6-d: Purge procedure handled by ISN (4/6)
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Figure 6-e: Purge procedure handled by ISN (5/6)
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Figure 6-f: Purge procedure handled by ISN (6/6)

4.2. 
Subscriber Management
(1) Insert Subscriber Data procedure
· An ISN has an ability to receive Insert subscriber data message from a HLR as ISN or as VLR or as SGSN.

· If Insert subscriber data message is received in the sequence of location registration dialogue, the ISN can expect for what domain the data would be received from the HLR by referring the domain of combined location update message that has been sent to the HLR. In the case of stand-alone operation, the SSN value and contents of the operation are referred to determine which domains the HLR specify.

· In order to guarantee the possibility of different conditions and services between CS domain and PS domain, “subscriber data for CS” and “subscriber data for PS” should be added. The “subscriber data for CS” can contain all possible contents for CS domain. The “subscriber data for PS” can contain all possible contents for PS domain. The Insert subscriber data message sent to an ISN shall includes “subscriber data for CS” or “subscriber data for PS” or both. The figure 7 shows a draft ASN.1 notation.
InsertSubscriberDataArg ::= SEQUENCE {

imsi


[0] IMSI

OPTIONAL,

COMPONENTS OF
SubscriberData,

extensionContainer
[14] ExtensionContainer
OPTIONAL,

... ,

naea-PreferredCI
[15] NAEA-PreferredCI
OPTIONAL,

-- naea-PreferredCI is included at the discretion of the HLR operator.

gprsSubscriptionData
[16] GPRSSubscriptionData
OPTIONAL,

roamingRestrictedInSgsnDueToUnsupportedFeature [23] 
NULL

OPTIONAL,

networkAccessMode
[24] NetworkAccessMode
OPTIONAL,

lsaInformation
[25] LSAInformation
OPTIONAL,

lmu-Indicator
[21]
NULL

OPTIONAL,

lcsInformation
[22]
LCSInformation
OPTIONAL,

istAlertTimer
[26] IST-AlertTimerValue
OPTIONAL,

superChargerSupportedInHLR
[27] AgeIndicator
OPTIONAL,

mc-SS-Info
[28] MC-SS-Info
OPTIONAL,

cs-AllocationRetentionPriority
[29] CS-AllocationRetentionPriority

OPTIONAL
subscriberDataForCS
[xx] SubscriberDataForCS
OPTIONAL,
subscriberDataForPS
[xx] SubscriberDataForPS
OPTIONAL
}

-- If the Network Access Mode parameter is sent, it shall be present only in

-- the first sequence if seqmentation is used

Figure 7: A draft ASN.1 notation of Insert Subscriber Data Argument
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Figure 8-a: Insert Subscriber Data procedure handled by ISN (1/5)
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Figure 8-b: Insert Subscriber Data procedure handled by ISN (2/5)
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Figure 8-c: Insert Subscriber Data procedure handled by ISN (3/5)
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Figure 8-d: Insert Subscriber Data procedure handled by ISN (4/5)
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Figure 8-e: Insert Subscriber Data procedure handled by ISN (5/5)

(2) Delete Subscriber Data procedure
· An ISN has an ability to receive delete subscriber data message from a HLR as ISN or as VLR or as SGSN.
· In order to guarantee the possibility of different conditions and services between CS domain and PS domain, “subscription data withdrawn for CS” and “subscription data withdrawn for PS” should be added in the delete subscriber data message as well as Insert subscriber data message. The delete subscriber data message sent to the ISN shall include “subscription data withdrawn for CS” or “subscription data withdrawn for PS” or both. The figure 9 shows a draft ASN.1 notation.
DeleteSubscriberDataArg ::= SEQUENCE {


imsi


[0] IMSI,


basicServiceList
[1] BasicServiceList
OPTIONAL,


-- The exception handling for reception of unsupported/not allocated


-- basicServiceCodes is defined in section 6.8.2


ss-List

[2] SS-List
OPTIONAL,


roamingRestrictionDueToUnsupportedFeature [4] NULL
OPTIONAL,


regionalSubscriptionIdentifier
[5] ZoneCode
OPTIONAL,


vbsGroupIndication
[7] NULL

OPTIONAL,


vgcsGroupIndication
[8] NULL
 OPTIONAL,


camelSubscriptionInfoWithdraw
[9] NULL
 OPTIONAL,


extensionContainer
[6] ExtensionContainer OPTIONAL,


...,


gprsSubscriptionDataWithdraw
[10] GPRSSubscriptionDataWithdraw
OPTIONAL,


roamingRestrictedInSgsnDueToUnsuppportedFeature [11] NULL
OPTIONAL,


lsaInformationWithdraw
[12] LSAInformationWithdraw
OPTIONAL,


gmlc-ListWithdraw 
[13]
NULL

OPTIONAL,


istInformationWithdraw
[14] NULL

OPTIONAL,


specificCSI-Withdraw
[15] SpecificCSI-Withdraw
OPTIONAL,


subscriptionDataWithdrawnForCS
[xx] subscriptionDataWithdrawnForCS OPTIONAL,


subscriptionDataWithdrawnForPS
[xx] subscriptionDataWithdrawnForPS OPTIONAL
 }

Figure 9: A draft ASN.1 notation of delete Subscriber Data Argument
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Figure 10-a: Delete Subscriber Data procedure handled by ISN (1/5)


[image: image27.wmf] 

ISN

 

HLR supporting CMO

 

MAP Delete Subscriber Data

 

(subscriptionDataWithdrawnForCS)

 

 

The ISN deletes the 

subscriber data for CS 

domain.

 

CMO: Combined MAP Operations

 

Terminating SSN: ISN

 


Figure 10-b: Delete Subscriber Data procedure handled by ISN (2/5)
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Figure 10-c: Delete Subscriber Data procedure handled by ISN (3/5)
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Figure 10-d: Delete Subscriber Data procedure handled by ISN (4/5)
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Figure 10-e: Delete Subscriber Data procedure handled by ISN (5/5)

4.3. 
Fault Recovery
(1) HLR fault recovery procedure
· When a HLR supporting Combined MAP operations restarts, it shall send Reset message to ISNs. The ISN, receiving Reset message, invokes update location procedure for CS or PS or both CS and PS after establishment of authenticated radio contact with the MS concerned.
· If a subscriber involved the HLR is served for both CS and PS domains, the ISN will then mark the subscriber with an indicator "Location Information Confirmed in HLR" set to "Not Confirmed" for both domains.
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Figure 11-a: HLR fault recovery procedure handled by ISN (1/3)
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Figure 11-b: HLR fault recovery procedure handled by ISN (2/3)
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Figure 11-c: HLR fault recovery procedure handled by ISN (3/3)

(2) ISN fault recovery procedure
· When a ISN receives a Provide Roaming Number message that indicate for an unknown IMSI, the ISN shall invoke authentication retrieve procedure and restore data procedure if needed for only CS domain. 

· The Combined MAP operations have no impact on the ISN fault recovery procedure.

4.4. 
Authentication Management
· The combined operation for Authentication management is not needed because the trigger to obtain authentication vectors is independent to domains.
5.  Drop back mechanism
ISN shall support drop-back mechanism in order to guarantee the interaction with a HLR that does not support Combined MAP operations. The MAP application in ISN realizes the mechanism. The mechanism will be invoked when the ISN receives U-Abort with a specific error cause (i.e. AC not supported).
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Figure 12: Drop back mechanism
6. Interaction with the other signalling reduction features 

6.1.  
Super-Charger
In a Super-Charger network, a subscription data is not deleted from the VLR database when the subscriber leaves the area served by the MSC/VLR. When the subscriber roams to the previous visited MSC/VLR where the subscriber’s profile data is already stored, the insert subscriber data procedure is not needed for the subscriber.

An ISN can support the Super-Charger mechanism for CS and PS domain respectively. The ISN sets the capability for each domain in the combined update location message. If the ISN supports the Super-Charger for only CS domain, it may receive the subscription data for only PS domain even then the combined update location procedure is invoked.

The HLR supporting both the Super-Charger and the Combined MAP operations should be able to handle the following cases. If the ISN supports the Super-Charger for only CS domain, the HLR sends the cancel location message for PS domain to the ISN.

· The ISN supports the Super-Charger for only CS domain

· The ISN supports the Super-Charger for only PS domain 

· The ISN supports the Super-Charger for both domains
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Figure 13: Interaction between Super-Charger and Combined MAP operations

6.2. 
GLR
The GLR is a node between the VLR and/or SGSN and the HLR, which may be used to optimise the location updating and the handling of subscriber profile data across network boundaries. When a subscriber is roaming the GLR plays the role of the HLR towards the VLR and SGSN in the visited network and the role of the VLR and SGSN towards the HLR in the home network.
The GLR can support the Combined MAP operations. Basically the GLR transfers the MAP message transparently between the ISN and the HLR. The ISN does not need to have the specific feature for the interaction with the GLR.
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Figure 14: Interaction between GLR and Combined MAP operations
7. Percentage reduction of signalling
Considering the network configuration in Figure 15-1 as example, 8 update location procedures are invoked when a subscriber moves from X to Y. On the other hand, in the network in Figure 15-2, which shows a network utilizing integrated nodes, 4 update location procedures are invoked when a subscriber moves from X to Y.
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Figure 15-1: An example configuration of the network utilizing separated node
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Figure 15-2: An example configuration of the network utilizing integrated node

The number of MAP signals for mobility management in Figure 15-1

· 4 UL for CS and 4 UL for PS

· 4 ISD for CS and 4 ISD for PS

· 3 CL for CS and 3 CL for PS

Total: 22 MAP messages

The number of MAP signals for mobility management in Figure 15-2

· 4 Combined UL for CS and PS

· 4 Combined ISD for CS and PS 

(If ISD message is segmented to two parts as a result of combining the message, 8 ISD are transferred between ISN and HLR.)

· 3 Combined CL for CS and PS

Total: 11 MAP messages

Total: 15 MAP messages (If ISD message is segmented to two parts)

Consequently, in this example, 50% (32%) of MAP messages can be saved.
8. Relation between the stage2 for Combined MAP operations and the current    stage2 for mobility management
The stage2 for Combined MAP operations specifies behaviour of the ISN and the HLR supporting Combined MAP operations for mobility management. The behaviour of the ISN consists of 3 parts that mean for CS domain, for PS domain, and for both domains. The stage2 specification refers to TS 23.012 for CS domain and TS 23.060 for PS domain.
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