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1 Introduction

In ‎[1] several issues have been cited with respect to the support of Closed Subscriber Group (CSG) like functionality for a 3G UTRA home Node B product. One major requirement is that the CSG solution should be backward compatible for mobiles and this puts some heavy restrictions of the present architecture of 3GPP networks.

A brief list of these problems is given below:

- Each unique User Group would require its Location Area ID, however the LAC of the LA ID is only 2 octets, which needs to be shared with the normal LAs of the PLMN.
- Terminals would attempt to perform the Location Updating procedure on a cell advertising a LA not on the list of forbidden LAs in the UE. The network would reject the location updating procedure of those UEs which are not in the User Group associated with the LA. This would lead to the scenario in a densely populated area, where a UE moving down the street could attempt to access a home cell at each house, before being rejected causing a wastage of battery in the terminal, and unnecessary signalling/processing load in the core network.

- Indicating home Node B neighbour cells from the public macro cellular network may not be feasible in the case when there is a deployment of a large number of home Node Bs.

In this paper we look at some solutions to resolve these problems. 
2 Finding the home Node B (Cell Selection / Re-selection)
One major problem is how the mobile will find its home Node B. Given that in a dense home Node B deployment it may not be possible for the network operator to send all the neighbour cell frequencies and scrambling codes on the BCCH it may be very difficult for the mobile to find itself on to its home Node B.
However, there are several solutions possible where the BCCH of UTRAN or GSM need not be touched to allow the mobile to find its home Node B, they are listed below.
	Scheme
	Comments
	Analysis

	Cell Selection (Switch on)
	The user may have to switch off and on his mobile (he may even have to even remove the SIM card or battery) to trigger a full PLMN search. In addition he would have to be very close to his home Node B in order that this PLMN is the stronger than the outside coverage.
	This is not as easy as it seems as it would require a manipulation of the handset and it is not guaranteed that the mobile will find the home Node B as many mobiles always look to the last camped cell.

Assuming that the last cell is the macro layer and the home Node B is not signalled then it is not sure that this method is 100% successful

	Manual selection (PLMN Selection)
	The user would select manual selection and select his PLMN of his home Node B. 
Once more the user would have to position the mobile close to the home Node B in order to get the UE to camp onto the home Node B.

If the operator operates national roaming it will be easier to get onto his home Node B as most Manual selection display the available PLMNs.
	Not very easy as it requires user intervention again. But it is feasible and doesn’t need any physical manipulation of the handset.

	National roaming (PLMN selection)
	Here the operator would operate another MCC/MNC allocated to the home Node B deployment.

At subscription to the home Node B the IMSI would have to be modified (by SIMToolKit) to indicate the new MCC/MNC code or a new SIM would have to be supplied to the user.
	The smallest national roaming timer is set at 6 minutes. So when the user returns home the mobile should find itself onto his home Node B within an average of 3 minutes!


We conclude that user friendly method of offering a home Node B like deployment would be to operate a national roaming scheme where the home Node B would be deployed using another MCC/MNC. User intervention can be reduced and this would not touch the macro cellular network’s BCCH to be modified at all.

3 CSG Private Node B
Camping of users on the home Node B has some technical and regulatory issues.
In ref ‎[2]the number of LACs that can be supported by a PLMN is limited to 64K. It would seem obvious that for commercial reasons it would not be possible to offer a commercial Private home Node B service with this limitation.

As can be see from the previous chapter in order to have a seamless mobility a national roaming scheme would seem to be mandatory and thus an home Node B deployment could be made on a separate MCC/MNC, however, even if this scheme is adapted, this new PLMN is still limited to 64K home Node B deployment!

In the absence of some clever network addressing schemes, Huawei assume that an operator would be limited to the number of MCC/MNCs he could operate so an allocation of more than 3-4 MCC/MNC would not be feasible so other methods need to be employed for home Node B deployment.

To overcome the limitation of LAC (in ref ‎[2]) another possible inter-working could be investigated, and that is where home Node Bs could share the same LAC. In this way we would remove the need to perform LAU/RAU on each home Node B change. This would mean that mobility management and session management signalling would be allowed for roamers (i.e. those users not belonging to the CSG).
The roaming users could be handled in a special way at the time the radio resources are allocated. For these users a combination of several implementation possibilities could be offered and are listed below:

	Scheme
	Comments
	Analysis

	Priority/Pre-emption scheme
	The CN gives a information as to the status of the accessing mobile so that the home Node B can handle the radio resources appropriately between roamers and the allowed Private users
	This can be done but does not resolve the problem of the backhaul link. Special, RRM may need to be implemented in order to ensure that the Private users get their QoS and the Roamers get best effort or get pre-empted (i.e. released or handed over)

	Traffic load handover at RRC connection establishment
	At the point in time the RRC connection is made the home Node B redirects the mobile to the macro cellular coverage.
	This will be difficult to implement as there is no way that the home Node B is aware of the mobile’s subscription at the point in time the RRC connection is started, only when the Iu is established and the CN informs the home Node B will the home Node B be able to take appropriate action.

	Traffic load handover at radio bearer establishment (Directed retry)
	At the point that radio resource is allocated a handover is triggered to the macro cellular coverage
	This can be done but the problem of whether the mobile is in coverage at this point in time has to be handled.

The reliability of the measurements from the UE needs to be assessed give the call setup time requirements.

	Traffic load handover after radio bearer establishment
	Here the call starts on the home Node B and it is handed over at some point in time after the setup of the radio bearer, most probably based on priority and pre-emption information supplied by the CN.
	This is similar to the priority and pre-emption scheme.

This can be done but does not resolve the problem of the backhaul link. Special, RRM may need to be implemented in order to ensure that the Private users get their QoS and the Roamers get best effort or get pre-empted


3.1 Home Node B in OOS, Emergency call availability

The inter-working scenario described assumes that mobiles can (in the majority of cases) be handed over to the macro cell from the home Node B. This resolves the LAC problem and the need to perform a very large number of LAU/RAU and the consequences of the battery usage.

However in the case the home Node B is out of service the situation occurs where there is nowhere that a roaming subscriber can go to get service as the home Node B is operated in CSG. If we allow the mobile to camp on the home Node B then we have the problem that the user of the mobile is unaware that he does not have service. He therefore has no service indication on the mobile handset and thus he does not know that he cannot make or receive calls. This situation is obviously not acceptable for either the Operator or the Subscriber.

In this case, the solution is to give the home Node B a specific LAC/RAC and roaming users are refused service on the home Node B.
3.2 Differentiated charging aspects

In this solution it may be important that users know they are home due to differentiated charging reasons (for example: home cell and free call). This is important for operators and users alike.
It is assumed that in this inter-working scenario there is a need for an application to give this indication to the mobile using some form of backward compatible display mechanism controlled in the CN (for example using USSD). The mechanisms for this are not described further in this paper. However, it is suffice to know that this issue exists and there can be solutions to resolve them.
4 Conclusion

In this paper we have supplied a seamless way of home Node B roaming which does not need the home Node B cells to be indicated from the macro cellular layer. The method we recommend is to use national roaming.

We reduce mobility management signalling in high density home Node B deployments by allowing UEs to camp on and perform basic signalling on the home Node B even though service will not be offered on the home Node B. The mobiles in such a deployment move without performing location update on each home Node B allowing home Node Bs to share the same LAC. It is only when service is offered that handover is triggered to the macro layer for non-allowed UEs. 

The fact that home Node Bs need not have different LACs reduces the mobile battery power consumption related to performing LAU/RAU procedures whilst moving from one home Node B to another which would be the traditional way that CSG would be provided. In addition to this reduction the limitation of addressing in this system is relaxed for this deployment scenario.

A solution for emergency call availability is needed in order to ensure correct service indication to a user in the case a home Node B is in OOS state and handover can not be performed. The solution for this case depends a lot on regulations, charging and operator policies and can not be covered by standards.
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