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1. Introduction

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

The Work Item regarding the CoM (NP-000509) was rejected at CN#9, because the WI was based on the introduction of integrated entity for CS and PS. So, we have reconsidered the CoM as the solution not involving the integrated entity. 
The assumptions for this contribution are described below.

· No impact on the current reference model

· MAP protocol is used on Gs interface.

· New application context for the CoM is NOT introduced in order to avoid fallback between serving nodes supporting CoM and HLR not supporting CoM.
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). CoM aims to reduce the MAP signalling between a HLR and serving nodes at the time.

2. Working Assumptions

2.1. 
Architectural impacts
No impact on the current reference model. 
New entity that has both capabilities for CS and PS is NOT needed for CoM. The assumption is that an SGSN supporting CoM can invoke the Update GPRS Location including CS information to a HLR after receiving Update Location from a VLR. This means MAP protocol is used on Gs interface.

2.2. 
Interaction with a HLR does not support CoM
A HLR not supporting the CoM ignores the CS information in the Update GPRS Location from an SGSN and returns subscription data for only PS domain.

If the SGSN receives Insert Subscriber Data with no CS information from the HLR, the SGSN informs the VLR that combined location update procedure is not successful and invokes location update procedure to the VLR.

2.3. 
Impacts on an access signalling
The assumption is that introduction of CoM has no impact on access signalling. An MS and an access network can see no difference between an SGSN supporting CoM and SGSN not supporting CoM. 

2.4. 
Possibility of different conditions and services between CS domain and PS domain

In current separated CN, an 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. CoM 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, however, MAP Location management operations are launched for CS domain and PS domain respectively, even so the MS invokes the Combined RA / LA Update Procedure.
The interfaces between HLR and serving nodes (i.e. D interface and Gr interface) are used to exchange data related to location of MS and to management of the subscribers between HPLMN and VPLMN. In the case of international roaming, the international links are used as D and Gr interfaces. This means that reducing signalling traffic on D and Gr interfaces is significant to realize the cost reduction of signalling. On the other hand, the interface between VLR and SGSN (Gs interface) is considered to be located intra VPLMN.
The aim of CoM is to reduce the signalling cost of mobility management procedure. The SGSN supporting CoM can launch location update operation for both domains after interrogating the VLR about conditions for CS domain. The CoM can reduce the MAP signalling between HLR and serving nodes, even though it leads to increase the signalling on Gs interface. The CoM is one of the solutions for network optimisation and it should be specified as network optional.
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Figure 1: Update location procedure in a network not utilizing CoM
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Figure 2: Update location procedure in a network utilizing CoM

4. Functional Description

The introduction of CoM consists of the following modifications.

· Addition of MAP as protocol used on Gs interface

· Addition of new parameters to MAP Update GPRS Location, MAP Insert Subscriber Data and MAP Cancel Location messages, which includes information related to CS domain

· Addition of “Combined Update Location” as location type in BSSAP+ Location-Update-Request

4.1.  
MAP on Gs interface

The following operations are used on Gs interface.

· Update Location / Update Location ack

· Insert Subscriber Data / Insert Subscriber Data ack

· Cancel Location / Cancel Location ack

The operations sent to SGSN are same as one sent to HLR with the exception of SSN.

4.2.  
New parameter to MAP operations

New parameters, which include information related to CS domain, are added to MAP Update GPRS Location, MAP Insert Subscriber Data and MAP Cancel Location messages.

The Update GPRS Location message sent to the HLR for both CS and PS domain includes “CS information”. The figure 3 shows a draft ASN.1 notation.

UpdateGprsLocationArg ::= SEQUENCE {


imsi


IMSI,


sgsn-Number
ISDN-AddressString,



sgsn-Address
GSN-Address,


extensionContainer
ExtensionContainer
OPTIONAL,


... ,


sgsn-Capability
[0] SGSN-Capability
OPTIONAL,

nonGPRSInfoForUL
[x] NonGPRSInfoForUL 
OPTIONAL }

Figure 3: A draft ASN.1 notation of Update GPRS Location Argument
The Insert Subscriber Data message sent to the SGSN for CS and PS domain includes “subscriber data for CS”. The figure 4 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
}

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

-- the first sequence if seqmentation is used

Figure 4: A draft ASN.1 notation of Insert Subscriber Data Argument

The Cancel Location message sent to the SGSN for CS and PS domain includes “CS information”. The figure 5 shows a draft ASN.1 notation.
CancelLocationArg ::= [3] SEQUENCE {


identity

Identity,


cancellationType
CancellationType
OPTIONAL,


extensionContainer
ExtensionContainer
OPTIONAL,


... ,

nonGPRSInfoForCL
[x] NonGPRSInfoForCL
OPTIONAL}

Figure 5: A draft ASN.1 notation of Cancel Location Argument
4.3. 
Combined update Location procedure
A combined RA / LA update takes place in network operation mode I when the MS enters a new RA or when a GPRS-attached MS performs IMSI attach. The MS sends a Routeing Area Update Request indicating that an LA update may also need to be performed, in which case the SGSN supporting CoM forwards the update location to the VLR. This concerns only idle mode, as no combined RA / LA updates are performed during a CS connection.
Table1 shows the cases that the SGSN supporting CoM receives the combined RA / LA update from an MS.

Table 1: The cases that the SGSN supporting CoM receives the combined RA / LA update
	Cases
	SGSN
	MSC/VLR
	HLR

	
	Inter/Intra SGSN
	CoM Support
	Inter/Intra VLR
	CoM Support

	Case1
	Inter
	Yes
	Inter
	Yes

	Case2
	Inter
	Yes
	Inter
	No

	Case3
	Inter
	No
	Inter
	Yes/No

	Case4
	Inter
	Yes
	Intra
	Yes/No

	Case5
	Inter
	No
	Intra
	Yes/No

	Case6
	Intra
	Yes/No
	Inter
	Yes/No

	Case7
	Intra
	Yes/No
	Intra
	Yes/No


(1) Combined Inter SGSN RA / LA Update

(a) Case1
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Figure 6: Combined RA / LA Update in the Case1
1) If combined RA / LA update is sent from the MS, the new SGSN sends a Location Update Request (Update Type: Combined UL) to the VLR. The VLR number is translated from the RAI via a table in the SGSN. The SGSN starts the combined update location procedure.
2) If the VLR supports CoM and the subscriber data is not marked in the VLR, the new VLR sends an Update Location to the SGSN. The new SGSN informs the HLR of the change of both SGSN and VLR by sending Update GPRS Location that including CS information to the HLR.
3) If the HLR supports CoM, the HLR invokes cancel location procedure and sends Insert Subscriber Data that includes subscription data for CS domain to the SGSN. The SGSN stores the subscription data for PS domain and forwards the subscription data for CS domain to the VLR.

4) After receiving Insert Subscriber Data ack for CS domain from the VLR, the SGSN returns Insert Subscriber Data ack for CS and PS domains to the HLR.

5) The HLR acknowledges the Update Location by sending Update Location ack to the new SGSN. The SGSN sends Update Location ack to the VLR.

6) The VLR allocates a new TMSI and responds with Location Update Accept (VLR TMSI) to the SGSN.

(b) Case2
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Figure 7: Combined RA / LA Update in the Case2
1) If combined RA / LA update is sent from the MS, the new SGSN sends a Location Update Request (Update Type: Combined UL) to the VLR. The VLR number is translated from the RAI via a table in the SGSN. The SGSN starts the combined update location procedure.
2) If the VLR supports CoM and the subscriber data is not marked in the VLR, the new VLR sends an Update Location to the SGSN. The new SGSN informs the HLR of the change of both SGSN and VLR by sending Update GPRS Location that including CS information to the HLR.
3) If the HLR does NOT support CoM, the HLR cannot recognize the CS information in Update GPRS Location and ignores the information. So, the HLR invokes cancel location procedure for PS domain and sends Insert Subscriber Data that includes subscription data for only PS domain to the SGSN. The SGSN returns Insert Subscriber Data ack for PS domains to the HLR.

4) If the SGSN receives Update Location ack from the HLR after receiving Insert Subscriber Data with no CS information, the SGSN recognizes the HLR does NOT support CoM and sends Update Location negative response to the VLR.

5) The VLR informs the SGSN of the rejection of the combined update location procedure.

6) Then the SGSN sends a Location Update Request to the VLR.
7) The new VLR informs the HLR. The HLR cancels the old VLR and inserts subscriber data in the new VLR.

8) The VLR allocates a new TMSI and responds with Location Update Accept (VLR TMSI) to the SGSN.

(c) Case3
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Figure 8: Combined RA / LA Update in the Case3
1) If combined RA / LA update is sent from the MS, the new SGSN sends a Location Update Request (Update Type: Combined UL) to the VLR. The VLR number is translated from the RAI via a table in the SGSN. The SGSN starts the combined update location procedure.
2) If the VLR does NOT support CoM, the VLR informs the SGSN of the rejection of the combined update location procedure.

Then the SGSN invokes update location procedure for PS and CS respectively. (See TS 23.060) 

(d) Case4
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Figure 9: Combined RA / LA Update in the Case4
1) If combined RA / LA update is sent from the MS, the new SGSN sends a Location Update Request (Update Type: Combined UL) to the VLR. The VLR number is translated from the RAI via a table in the SGSN. The SGSN starts the combined update location procedure.
2) If the VLR supports CoM and the subscriber data has already been marked in the VLR, the VLR responds Location Update Accept to the SGSN.
Then the SGSN invokes update location procedure for PS domain.

(e) Case5
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Figure 10: Combined RA / LA Update in the Case5
1) If combined RA / LA update is sent from the MS, the new SGSN sends a Location Update Request (Update Type: Combined UL) to the VLR. The VLR number is translated from the RAI via a table in the SGSN. The SGSN starts the combined update location procedure.
2) If the VLR does NOT support CoM, the VLR informs the SGSN of the rejection of the combined update location procedure.

Then the SGSN invokes update location procedure for PS and CS respectively. (See TS 23.060) If the VLR receives Location Update Request from the SGSN and the subscriber data has already been marked in the VLR, the VLR responds Location Update Accept to the SGSN.
(2) Combined Intra SGSN RA / LA Update
(a) Case6
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Figure 11: Combined RA / LA Update in the Case6
In the case of combined intra SGSN RA / LA update, the SGSN invokes update location procedure for CS by sending a Location Update Request (Update Type: Normal LU) to the VLR. If the subscriber data is not marked in the VLR, the new VLR sends an Update Location to the HLR. And the VLR responds Location Update Accept to the SGSN after receiving Update Location ack.

(b) Case7
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Figure 12: Combined RA / LA Update in the Case7
In the case of combined intra SGSN RA / LA update, the SGSN invokes update location procedure for CS by sending a Location Update Request (Update Type: Normal LU) to the VLR. If the subscriber data has already been marked in the VLR, the VLR responds Location Update Accept to the SGSN.

4.4. 
Combined Cancel Location procedure
HLR supporting CoM can invoke two kinds of cancel location messages to the SGSN.

· MAP Cancel Location for both CS and PS domain

· MAP Cancel Location for only PS domain

Cancel location message for both CS and PS domain is invoked under the following conditions.

· The HLR has received Update GPRS Location message with CS information from a new SGSN.

· The previous Update Location for the subscriber was combined procedure for both CS and PS domain.

SGSN supporting CoM has an ability to receive cancel location message including CS information from HLR. The SGSN sends cancel location for CS domain to the VLR after receiving cancel location message for both CS and PS domains.
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Figure 13: Combined Cancel Location procedure

5. Benefits and drawbacks
5.1.  
Examples to estimate the percentage of signalling reduction
The functional entities in TS 23.002 can be implemented in different equipments or gathered, so that two network configuration (i.e. separated serving node and integrated serving node) should be estimated as possible implantation.
Considering the network configuration in Figure 14-1 as example, the LA is same as RA in the network and the areas are covered by a VLR and an SGSN. On the other hand, in the network in Figure 14-2, which shows a network utilizing integrated nodes, the LA is same as RA, and an integrated node covers the area. All of serving nodes support CoM in Figure 14-1 and 14-2.

4 combined update location procedures are invoked by MS when a subscriber moves from X to Y in each example.
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Figure 14-1: An example configuration of the network utilizing separated node


[image: image12.wmf] 

ISN

-

E

 

ISN

-

D

 

ISN

-

C

 

ISN

-

A

 

ISN

-

B

 

X

 

Y

 

ISN:Integrated Serving Node

 


Figure 14-2: An example configuration of the network utilizing integrated node

Table 2 and Table 3 show the percentage of signalling reduction under an example. The estimations are based on examples of signalling traffic volume described in ANNEX. And the information flows for the estimations are described in the section 4.

Table 2 shows the percentage of signalling reduction at serving nodes point of view.

Table 2: the percentage of signalling reduction at serving nodes point of view

	
	Without CoM
	With CoM

	
	
	Ratio of HLR supporting CoM

	
	
	0%
	50%
	100%

	Separated　NW
	Number of signalling
	MAP


	56
	64
(14% up)
	68

(21% up)
	72

(29% up)

	
	
	BSSAP


	8
	16
(100% up)
	12

(50% up)
	8

(even)

	
	Volume of signalling

(Oct)
	Gr interface
	3,552
	3,696
(4% up)
	4,392
(24% up)
	5,088
(43% up)

	
	
	D interface
	2,676
	2,676

(even)
	1,338

(50% down)
	0

(100% down)

	
	
	Gr+D

interface
	6,228
	6,372
(2% up)
	5,730
(8% down)
	5,088
(18% down)

	
	
	Gs interface
	664
	2,028
(205% up)
	2,684
(304% up)
	3,340

(403% up)

	Integrated　NW
	Number of signalling
	MAP
	56
	56

(even)
	52

(7% down)
	48

(14% down)

	
	Volume of signalling

(Oct)
	Gr interface
	3,552
	3,696
(4% up)
	4,392
(24% up)
	5,088
(43% up)

	
	
	D interface
	2,676
	2,676

(even)
	1,338

(50% down)
	0

(100% down)

	
	
	Gr+D

interface
	6,228
	6,372
(2% up)
	5,730
(8% down)
	5,088
(18% down)


Table 3 shows the percentage of signalling reduction at HLR point of view. 

Table 3: the percentage of signalling reduction at HLR point of view
	
	Ratio of serving nodes supporting CoM

	
	0%
	50%
	100%

	HLR supporting CoM
	Number of signalling
	MAP


	56
	52

(7% down)
	48

(14% down)

	
	Volume of signalling

(Oct)
	Gr interface
	3,552
	4,320
(22% up)
	5,088
(43% up)

	
	
	D interface
	2,676
	1,338

(50% down)
	0

(100% down)

	
	
	Gr+D

interface
	6,228
	5,658
(9% down)
	5,088
(18% down)

	HLR not supporting CoM
	Number of signalling
	MAP
	56
	56

(even)
	56

(even)

	
	Volume of signalling

(Oct)
	Gr interface
	3,552
	3,624
(2% up)
	3,696
(4% up)

	
	
	D interface
	2,676
	2,676

(even)
	2,676

(even)

	
	
	Gr+D

interface
	6,228
	6,300
(1% up)
	6,372
(2% up)


5.2.  
Advantage

· If upper than approximately 10 percent of HLR support CoM, CoM can reduce the volume of signalling on the interface between serving nodes and HLR (i.e. D + Gr interface) regardless of serving node implementation. In roaming scenario, this feature can reduce the volume of international signalling.

· Regarding HLR supporting CoM and integrated serving node, CoM can reduce the number of MAP signalling to be handled.
· CoM benefits both home and visited network.

5.3.  
Disadvantage
· If less than approximately 10 percent of HLR support CoM, CoM leads to increase the volume of signalling on the interface between serving nodes and HLR at the serving node point of view.

· Regarding separated serving node, CoM leads to increase the volume of signalling on Gs interface and the number of signalling to be handled.

· Regarding HLR not supporting CoM, CoM leads to increase the volume of signalling.

5.4.  
Estimation

According to the above description, CoM benefits the following networks. 

· the network utilizing integrated serving nodes

· the network utilizing HLR supporting CoM

· the network which intends to reduce the volume of signalling on the interface between serving nodes and HLR even though the volume of signalling on Gs interface and the number of signalling increase

Drawback for HLR not supporting CoM should be considered. However, in general, the additions of new features for serving nodes cause tiny increase of volume of update location message. And the drawback for the HLR can be resolved by the increase of penetration ratio for CoM in the network.

6. Proposal
It is proposed that CN4 agree the benefit of Combined MAP signalling and progress the work in order to finalize the WI in Release 5.

ANNEX
· VPLMN support CAMEL

· The subscription data for the subscriber includes information related to CF(CFb, CFNRc, CFNRy), CW, CAMEL service and PDP-context(2).
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