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1 Introduction

This document presents an example of a common shared spectrum network sharing scenario for inclusion in the annex. 

___________________________________________________________________________

B.1
Common shared spectrum scenario

Two operators, A and B, each have their own countrywide 2G networks in operation. For 3G they agree to build a common countrywide radio access network and to connect this radio access network to the two existing, 3G enhanced, core networks. The two operators will continue with their own subscribers and compete with services and prices. 

For the radio access there are three countrywide radio access networks involved: A, B, and C, where A is the 2G radio access network of operator A, B the 2G radio access network of operator B, and C the common 3G radio access network. 

Each of these radio networks will broadcast their own PLMN id (PLMN Id = MCC+MNC). Let us allocate Id_A, Id_B and Id_C respectively to this parameter. Subscribers of operator A will have the MCC+MNC part of the IMSI equal to Id_A and subscribers of operator B will have the MCC+MNC part of the IMSI equal to Id_B. This means that the subscribers of operators A and B will regard the respective 2G radio access network as their respective HPLMN and radio access network C as a VPLMN. National roaming is assumed not to exist between the two operators.  

There are two core networks present, namely the 2G core networks of operator A and of operator B, appropriately upgraded with the necessary 3G functionality.  The nodes of the 2G radio access network A are only connected to nodes in CN_A and nodes of the 2G radio access network B are only connected to nodes in CN_B. The nodes of the 3G radio access network C are connected to both nodes in CN_A and to nodes in CN_B by some appropriately enhanced Iu interface. 

The basic architecture is shown in Figure B.1. It must be assumed that all different combinations of radio coverage exist, this is also shown in the figure.  

.
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Figure B.1: Basic Network Sharing architecture. 

B.2
Requirements

Here we describe the different requirements that can be identified within the shared network scenario described in the Section above. The overall requirement is that it shall be completely transparent to the users that operator A and operator B has chosen to share a 3G network. 

Idle Mode Roaming

Subscribers of operator A

Subscribers of operator A should be served only by cells of radio networks A and C and only by core network CN_A, i.e. the service area of a subscriber of operator A is the sum of A, AB, AC, ABC, BC and C in Figure B.1. When the subscriber switches on his UE in this service area he is automatically registered in operator A’s core network CN_A.  The UE shall display the service provider name and possibly the PLMN name according to the settings of the USIM/network/UE in the same way irrespective of the radio network used (A or C). 

The possibilities are summarized in Table B.1 below.

	to cell in (
	A
	B
	C

	From cell in (
	
	
	

	other network
	Allowed.

Normal registration.
	Not allowed (rejection by CN).
	Allowed.

Registration only to CN_A.

	A
	Allowed.

Normal location updating.
	Not allowed (rejection by CN).
	Allowed.

Registration only to CN_A.

	B
	Not applicable.
	Not applicable.
	Not applicable.

	C
	Allowed.

Normal registration.
	Not allowed (rejection by CN).
	Allowed.

Normal location updating only to CN_A.


Table B.1: Change of registered cell and network for an operator A subscriber. 

Subscribers of operator B

The handling of subscribers of operator B is exactly the same as for subscribers of operator A, with A and B interchanged.

Roaming users 

There are three different types of roaming users to be considered (i) users who are allowed to roam on operator A’s network, (ii) users allowed to roam on operator B’s network, and (iii) users allowed to roam on both networks. 

Visiting roaming users with roaming agreement with only operator A should be handled the same way as subscribers of operator A, see previous Section.  Visiting roaming users with roaming agreement with only operator B should be handled the same way as subscribers of operator B

Visiting roaming users with roaming agreements with both operator A and operator B are entitled to receive service via all three radio networks (A, B and C) and from both core networks (CN_A and CN_B). This leads to some additional considerations. 

· The two operators A and B may have different charging policies for roaming users. Thus one of the operators may be preferred by some roamers and the other operator preferred by other roamers. It must therefore be possible to indicate to the UE, at least when it is in radio network C, which core networks are available so that the user can perform an active selection. If such a manual selection is made, the UE shall be treated the same as a subscriber of the chosen operator.


· If no such selection of core network is made, some filtering is required to select one of the core networks when the UE registers via radio network C. Unnecessary change of core network should be avoided. For example, if the UE is using radio network B and CN_B and changes radio network to C, the UE should remain registered in CN_B. Only when this UE has to change to radio network A (due to radio conditions) a change to CN_A has to be made. 

After a core network operator has been chosen, the UE shall display the PLMN name of the CN operator currently used and possibly the service provider name according to the settings of the USIM/network/ME. 

The different possibilities are summarized in Table B.2 below. 

	to cell in (
	A
	B
	C

	From cell in (
	
	
	

	other network
	Allowed.

Normal registration (in CN_A).
	Allowed.

Normal registration (in CN_B).
	Allowed.

Selection of core network made by the radio network or by interaction between the radio network and one or both of the core networks.

	A
	Allowed.

Normal updating (within CN_A).
	Allowed.

Change to CN_B is necessary.
	Allowed.

Normal updating, stay in CN_A.

	B
	Allowed.

Change to CN_A is necessary.
	Allowed.

Normal updating (within CN_B).
	Allowed.

Normal updating, stay in CN_B.

	C
	Allowed.

If in CN_A, stay in CN_A.

If in CN_B, change to CN_A is necessary.
	Allowed.

If in CN_B, stay in CN_B.

If in CN_A, change to CN_B is necessary.
	Allowed.

Stay in the registered core network.


Table B.2: Change of registered cell and network for a roaming user allowed to roam on both both networks. The case when a user actively picks the core network operator is not covered in the table, see the text. 

Handover in the CS domain

Handovers between the three radio networks should follow the same principles as idle mode roaming between the radio networks. A basic difference, however, is that there is an anchor MSC and a serving MSC (MSC-B in GSM terminology) involved in the core networks. The anchor MSC will always be in the core network in which the UE is currently registered.

In order to avoid inter-MSC handovers between CN_A and CN_B, a basic requirement is that the serving MSC should be in the same core network as the anchor MSC. We shall look at how this requirement can be fulfilled.

Subscribers of operator A

Subscribers of operator A should only be registered in CN_A and should only be handed over between cells belonging to radio network A or radio network C. With a suitable filtering mechanism in radio network C, the serving (target) MSC can also be chosen in CN_A. The possible handover cases for a subscriber of operator A are shown in Table B.3 below.

	to cell in (
	A
	B
	C

	From cell in (
	
	
	

	other network
	Not applicable.
	Not applicable.
	Not applicable.

	A
	Allowed.

Normal handover (intra- and inter-MSC).
	Not allowed.
	Allowed.

Intra-MSC and inter-MSC to MSC in CN_A only.

	B
	Not applicable.
	Not applicable.
	Not applicable.

	C
	Allowed.

Normal handover (intra- and inter-MSC).
	Not allowed.
	Allowed.

Intra-MSC and inter-MSC to MSC in CN_A only.


Table B.3: Handover cases for subscribers of operator A. 

Roaming users 

Visiting roaming users with roaming agreement with only operator A should be handled the same way as subscribers of operator A. Visiting roaming users with roaming agreement with only operator B should be handled the same way as subscribers of operator B. 

Visiting roaming users with roaming agreements with both operator A and operator B are entitled to receive service via all three radio networks (A, B and C) and from both core networks (CN_A and CN_B). This would imply that all handover combinations between radio networks and core networks should be possible for these subscribers. However, from a technical and operational point of view it would simplify things if we still keep the requirement that the serving (target) MSC should be in the same core network as the anchor MSC. This limitation means that once a call has been set up in the core network that was selected in idle mode (the registered core network), the handling of that call will stay completely within that core network until the call is terminated (i.e. no inter-MSC handovers between CN_A and CN_B). It also means that if the call is started in radio network A, then it can only be handed over to cells in radio network A or radio network C and if the call is started in radio network B, it can only be handed over to cells in radio network B or radio network C. The possible handover cases are summarized in Table B.4 below. 

	to cell in (
	A
	B
	C

	From cell in (
	
	
	

	other network
	Not applicable.
	Not applicable.
	Not applicable.

	A
	Allowed.

Normal handover (intra- and inter-MSC).
	Not allowed.
	Allowed.

Inter-MSC handover only to CN_A.

	B
	Not allowed.
	Allowed.

Normal handover (intra- and inter-MSC).
	Allowed.

Inter-MSC handover only to CN_B.

	C
	Allowed only if anchor MSC in CN_A.

Then inter-MSC handover only to CN_A.
	Allowed only if anchor MSC in CN_B.

Then inter-MSC handover only to CN_B.
	Allowed.

a) If anchor MSC in CN_A, then inter-MSC handover only to CN_A.

b) If anchor MSC in CN_B, then inter-MSC handover only to CN_B.


Table B.4: Handover cases for roaming users with roaming agreements with both operator A and operator B. . 

Handover in the PS domain

The same principles and requirements as for circuit switched handover shall apply. 

Cell reselection in the PS domain

The same principles and requirements as for Idle mode roaming shall apply. 
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