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1
Introduction

At present, the RAN groups, i.e., RAN2 and RAN3, are working and specifying in 3GPP TS 36.300 [1] the Home Cell concept which addresses requirements in the radio access network, core-network and UE. Therefore, impacts in core-network and UE are foreseen. This implies that CT1 will, most likely, impacted in their work on SAE vie E-UTRA.
In this discussion paper a possible solution for the home eNodeB area restriction for mobility in idle mode is outlined. The solution, as described in the following sections, results in potential impacts to CT1 protocol. Finally, the proposed solution fulfils requirements on the Cell Subscriber Group (CSG) concept too. 
2
Description of the proposal
2.1
Working assumptions

The solution is based in the following:
· BCCH will broadcast a bit that indicates whether a cell is a restricted cell or not (This already has been decided by RAN2).

· TAI is not unique for a home eNodeB.

We propose that TAI and Cell id is of a fixed length (16 bits each) and the same length in macro cells a restricted home eNodeB cells. In order to manage restricted home eNodeBs is proposed to introduce a new rejection cause in NAS protocol.

2.2 Home eNodeB area restriction in idle mode

Since RAN2 already has decided that the BCCH indicates whether a cell is restricted, the UE needs to always read this information before starting to measure on a particular cell. 
A cell is identified by the combination of PLMN+TAC+Cell id. Therefore, the white cell list is a list of PLMN+TAC+Cell id. 
It is proposed that the possibility to restrict a cell (restricted cell) where the UE shall treat the restricted cell as unavailable for normal camping, unless the UE has a new ‘white cell list’ stored. This list is managed as follows; the UE cannot access a restricted cell, unless the cell is on the white list. That is to say, if a restricted cell is found, the UE shall select the cell only if the information in the white cell list matches the broadcasted cell information. Whether white cell list shall be checked before measuring on a cell is FFS and this is up to RAN working groups to decided, not CT1.

The MME may distribute the new ‘white cell list’ to the UE  at tracking area updating or attach procedure. This obviously impacts CT1. 

In addition, when the UE receives a ‘white cell lis’ it shall remove it from the ‘black list’ if listed there (black list can be the forbidden location areas for roaming list or a new forbidden list which contains cell ids). The owner of the home eNodeB should be able to configure which UEs that shall have the home eNodeB cell as white listed. The operator should be able to supervise this configuring always.
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Figure 1: White cell for a restricted home eNB

The UE only performs tracking area updating if there is a change of PLMN or if when entering a new TAI where this particular TAI is not in the tracking area list available in the UE. 
The solution relies on the fact that at tracking area updating of attach procedure an eNodeB identity contaning the Cell id is sent from eNodeB to the MME if the cell is restricted. The MME will check if the UE is on the list of allowed UEs for this eNodeB identity. 

The MME is allowed to page in a restricted cell only if the particular restricted cell was included in the white list sent to the UE and the restricted cell belongs to the current tracking area list available in the UE.

The MME shall also page in all TAs included in the tracking area list but not in restricted cells of these TAIs. For this purpose, the MME needs to know which cells in a particular TA are restricted and which are not restricted. To simplify paging, we propose the working assumption that macro cells and home eNodeBs shall have different TAIs. In this way, all cells in a particular TA are either restricted or non-restricted. 
Each home eNodeB will not have a unique TA though. At tracking area updating or attach procedure in macro cells, the MME can add the TA of the UE’s home NodeB to the tracking area list to avoid frequent tracking area updating procedure between home eNodeB and macro cell borders (ping-ponging is avoided). 
Furthermore, at tracking area updating procedure in home eNodeBs, MME can add the TAs of surrounding macro cells. In this way, the home eNodeB will be as if part of surrounding macro layer TA, and the procedure will not be more complicated than the tracking area list management. 
Additionally, the MME can send tracking area accept message or forbidden PLMN cause value (#11), forbidden roaming in this location area cause value (#13)or a possible new cause called ‘forbidden Cell’ (this would be a new cause value in NAS). The UE shall remove the cell from the white cell list if received as forbidden Cell and treat the cell as barred. How the MME gets the list of allowed UEs needed in order to check the forbidden Cell case is FFS. 

Note that the cell rejection will be a rare event since the restricted cell indication on BCCH and the white list will prevent erroneous access attempts in most cases. However, either the white cell list needs to be stored and available at power up or there is a need to manually try to access the home eNodeB before receiving a white cell list. Either way false access attempts may occur. At power up the UE may have an old white list that is not valid. 
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Figure 2: Example of home eNB configuration. Macro cell layer has Tracking Area 1 and home NBs has Tracking Area 2. UE1 has home eNB with Tracking Area 2 and Cell id 1. UE4 does not have any home eNB (at least, not in this particular area).
We would also like to point out that it is believed this concept can be generalised to CSG (Cell Subscriber Group) too. At tracking area updating in a CSG restricted cell the eNodeB can send a CSG id instead of a Cell id in eNodeB id, and at forbidden cell the UE could be informed of the forbidden CSG id. CSG id could be a list of cell ids or a length indication to cell id. The length indication would mean that a part of the cell id bit pattern is forbidden.

3
Conclusion

This discussion paper described a possible solution to the Home Cell concept as described in 3GPP TS 36.300 [1] and discussed by RAN working groups.

The solutions relies of the following:

· BCCH broadcasts a bit that indicates whether a cell is a restricted cell
· UEs shall treat the restricted cell as unavailable for normal camping, unless it is included in the white cell list.
· TAI and Cell id are of fixed length.

Additionally, an eNodeB id containing the Cell id is sent from the eNodeB to MME at tracking area updating in restricted cells.

NAS may send a new cause value called ‘forbidden Cell’ to a UE at tracking area updating procedure in a restricted cell.

MME pages in a restricted cell, if the particular restricted cell was included in the white list sent to the UE and the restricted cell belongs to the current tracking area list available in the UE.

We propose that CT1 considers the information provided by this contribution in order to get CT1 agreement on issues that relates core-network protocols under CT1 responsibility. For example, the need of additional ME list and possible updates in core-network protocols to support the home eNodeB concept.
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