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Introduction

In this paper we propose a solution for home eNodeB area restriction for mobility in idle mode.

We assume that

· BCCH will broadcast a bit that indicates that a cell is a restricted cell.
· TA is not unique for a home eNodeB.  

We propose that TA and cell id is of a fixed length (16 bits each) and the same length in macro cells and restricted home eNodeB cells. Moreover, we propose that a new restriction bit can be broadbasted and white cell information override this restriction. To manage restricted home eNodeBs we propose to introduce a new rejection cause in NAS.

Home eNB area restriction in idle state
RAN2 has decided that access restrictions apply as for UTRAN, which consist of access class (AC) barring. We propose to add an additional bit on the BCH that will indicate that a cell is a restricted home eNodeB. A Ue would read this information before starting to measure on a cell. A Ue shall treat a home eNodeB restricted cell as unavailable for normal camping, unless the Ue has a white cell list. 
A cell is uniquely identified by the combination of PLMN+TAC+Cell id. Therefore, the white cell list is a list of PLMN+TAC+Cell id. 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 could be FFS.

The MME may distribute the white cell list to the UE at TA update, but we propose that the distribution of the white cell list is FFS. When the Ue receives a white cell list it shall remove it from the black list if listed there. The owner of the home eNodeB should probably 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. Such configuration support could be provided by the operator as some web-service and hence need not be describe it in the 3GPP specifications.
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Figure 1: White cell for a restricted home eNB
In an eNodeB restricted cell the UE shall perform TA update if PLMN is changed or if TA is changed and TA is not in the TA list, i.e.normal update procedure applies. We propose that, at TA update, an eNodeB identity contaning the cell id is sent from eNodeB to CN (NAS) if the cell is home eNodeB restricted. The MME shall use this information to check if the UE is on the list of allowed Ues for this eNodeB identity. NAS can send TA accept or forbidden PLMN, forbidden TA or 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 unavailable for normal camping. How the MME gets the list of allowed UEs needed to check forbidden Cell is FFS.
If the Ue is allowed:

· the MME sends TA accept.

If the Ue is not allowed


-
the MME sends forbidden Cell.
Note that the cell rejection will be a rare event since the restricted cell indication on BCH and the white list will prevent erronous access attempts in most cases. However, there are some cases where it may happen. 


-
If the white cell list is stored and available at power up then the UE may have an old white list that is not valid,


-
or if it will be possible to manually try to access a home cell. 
We believe that 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, since a home eNodeB may be placed where there is no other 3GPP access available. In such area, update or initial configuration of white cell list can only be made through the home eNodeB. 
The network shall page in a restricted cell if it was sent to the Ue as a white cell and if it belongs to the current TA list. The network shall also page in all TAs in the current TA list but not restricted cells of these TAs. For this purpose, the MME needs to know which cells in a 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 TAs. In this way all cells in a TA are either restricted or non-restricted. Each home eNodeB will not have a unique TA though. At TA updates in macro cells, the MME can add the TA of a UEs home NodeB to the TA list to avoid frequent TA update between home eNodeB and macro cell borders. At TA updates 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 TA list management. 
. 
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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 do not have any home eNB (at least not in this area).
We think that this concept can be generalised to CSGs (Cell Subscriber Groups). At TA update in a CSG restricted cell the eNodeB can send a CSG id intead 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.
Proposals
We suggest the following:

· BCCH broadcasts a bit that indicates that a cell is a restricted cell

· Ues shall treat the restricted cell as unavailable for normal camping, unless it is included in white cell list.

· TA and Cell id are of fixed length.
· An eNB id containing the Cell id is sent from eNB to CN at TA updates in restricted cells.

· NAS may send forbidden Cell to a UE at TA update in a restricted cell.
· MME shall page in a restricted cell if it was sent to the Ue as a white cell and if it belongs to the current TA list.
We propose to agree on CRxx.
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