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1 Introduction
The requirements on the home eNB has been stated in Annex F in ‎[1]. We have included some of the stipulated requirements that relate to idle mode mobility below for convenience.
1.
A UE should not camp on or access a CSG Cell if it is not part of the User Group which is allowed to access that CSG Cell.

4.
It shall be possible to set the reselection parameters, for UEs which are allowed to access the cell, such that they prioritise the CSG Cells for camping when in coverage of the cells. 

5.
The system shall avoid excessive signalling and processing load from a UE frequently reselecting in LTE Idle between the CSG Cells and the non-CSG cells of eNodeB (E-UTRAN) or RNC (UTRAN) or BSS (GERAN).

7.
It shall be possible to minimise the quantity of measurements which UEs perform on CSG Cells, if the UE does not belong to the User Group of a specificCSG Cell.

8.
The mobility procedures shall allow a large number of (small) CSG Cells to be deployed within the coverage of e-UTRAN, UTRAN and GERAN macro-layer cells. Deployment of (additional) CSG Cells shall not require reconfiguration of other eNodeB (E-UTRAN) or RNC (UTRAN) or BSS (GERAN).
In this paper we will discuss different methods of fulfilling these requirements. 
2 Discussion
One of the challenges with introducing home Node B/eNB (HNB) in the network is the handling of the large number of small equipments without introducing reconfiguration needs in the other nodes as described in requirement 8 above. This implies that there cannot be any explicit list of these HNBs in the network that needs to be maintained. This is emphasized when we are talking about having Closed Subscriber Groups (CSG), where the HNB will only be intended for a few subscribers in the network, where the information regarding the neighbouring CSG cells would have to be individual for each subscriber, as stated in requirement 1 above.
One method for idle mode UEs finding the CSG cell would be to have manual selection of the cell. The benefit of the solution is that it minimizes the searches for a CSG cell, but since this solution requires end-user intervention it can only be considered as fallback solution. In UTRAN currently it is only PLMN that can be manually selected, but the introduction of HNBs does make this approach attractive for having the possibility to manually select a specific cell in the network. Today the PLMN is translated into plain text in the UE to make the manual selection easily understood by the end-user and a similar approach would be preferable in the case of manual HNB cell selection as well, but in this case the translation function in the UE would not be suitable. The cell information could be a specific name of the cell selected by the owner of the HNB, since in densely populated area there might be tens of HNBs in the same area found during a manual search and the end-user must be able to easily understand which cell he/she would like to access. The explicit cell name could be sent out on BCH periodically, but is not required to be so frequent.
The search could also be made automatic by mandating the UE to always do a background search for the CSG cells of interest. The UE would then repeatedly do a search for the cells while roaming through the network on idle mode. However, this solution would imply that the UE would search for the intended cell all the time which is not fulfilling requirement 5 and 7 and would cause an excessive battery consumption of the UE.
One way of reducing the attempts to find a HNB would be that the UE only searches for the HNB in the Tracking Area (TA) of overlaid network where the HNB is situated. This limitation could either be controlled by the network, informing the UE that there is a HNB in the TA that the UE has entered, e.g. in the TAU response, or the UE could remember the association between the TA and the existence of a HNB of which it is a member of the CSG. However the TA is normally a large area covering many other CSG cells that the UE might find and measure on. To minimize the search attempts a more precise area definition would be suitable.
In case the UE has some positioning application, such as GPS, the geographical information could be used to trigger the search for the HNB. The distance to the position of the HNB or any stored position in the CSG cell could be used to trigger the cell search. However, this solution has problems with the coverage of GPS, e.g. there is no GPS coverage in indoor scenarios. When the UE does not have a reliable GPS position available it might not trigger the search for the HNB and thereby not realize it being close to the HNB. The battery consumption would also increase when the GPS receiver is turned on. Other positioning methods can naturally be used to estimate the position of the UE to derive the distance to the CSG cell.
A simpler form of positioning would be that the position of each cell is broadcast and when the UE reads the position of the antenna of the cell it is camping on it can compare with the stored position information of the CSG cell and derive the distance to it. In UTRAN the position of the antenna can be sent in BCH for UE based OTDOA positioning and that information can be used, potentially with some coverage information to derive the proximity to a CSG cell.
A UE in RRC_IDLE is aware of its position at least on a cell level since it is required to maintain the mobility measurements and in that case the UE could be aware of a direct cell relation between the surrounding cells and the CSG cell. This cell relation information could be used for initiating the cell search for the HNB, i.e. when the UE finds itself camping on a specific cell it has stored in a relation to the HNB that it has access rights to. This cell relation information can be built up in the UE when camping on the CSG cell by doing neighbour cell measurements or it could be sent to the UE from the network. Cell relations are not static, since the HNB can be moved or the network can be re-planned. It is therefore probable that the validity of the cell relations have to be signalled to the UE or be based on internal timer. 
We also see a number of possible combinations of the above described techniques, e.g. where the GPS based method is only applied when the network has indicated that there is a CSG cell in the neighbourhood or the UE has identified a cell it is camping on being defined as a neighbour to the CSG cell.

Another way to combine this described methods to further reduce the number of cell searches required for the UE to find the CSG cell is that the TAU response also can include information about the neighbouring cells to the CSG cell and where the UE is requested to send another TAU message when entering a cell specified in the previous TAU response. This would enable the core network to get the position of a UE in idle mode on a cell basis only when needed.
We believe having a UE based identification of being close to the HNB would enable the support for all the requirements stated above. 
3 Summary

In this paper we have presented a number of possible ways of reducing the signalling load and cell re-selection attempts to a HNB deploying a Closed Subscriber Group.

We have presented a number of different solutions on how the UE can find a HNB that it has access rights to, while fulfilling the requirements as stated in section 1. In the table below we have gathered the conclusions.
	Solution
	Pros
	Cons

	Manual selection
	+ Fault-proof solution
+ Minimal battery consumption
	- Requires end-user intervention

	Continuous background search
	+ Simple solution
	- Excessive battery consumption

	Tracking Area
	+ Network based solution possible
	- Excessive battery consumption (since TAs can be rather big)
- TA may be re-planned so not always reliable

	GPS based 
	+ Precise positioning can minimize the search attempts
	- GPS position not always available

- Increased battery consumption

	Cell position based
	+ Antenna position is static
+ Reduced number of search attempts
	- Requires each cell to transmit its position and shape.

	Cell Relation
	+ Information regarding the other cells is required anyway.
	- The cell relations are not necessarily static


4 Proposal
We believe that there is a need for manual selection of the CSG cell as a fallback solution, e.g. when UE is being invited to CSG while being out of coverage of the overlaid network.

We believe that a UE assisted solution is preferable to reduce the impact to the macro cell network. We think that a solution based on cell relations is the best solution to identify the proximity to a CSG cell with respect to battery consumption.

If agreeable, Huawei volunteers to write needed CR.
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