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Introduction

In current TS 22.220 [1] Section 5.5.2 Idle-mode Operation, it states that

In addition to normal cell reselection procedures, the following requirements apply:

-
It shall be possible to support idle mode mobility between a H(e)NB cell and other cells and between H(e)NB cells.

A UE in idle mode shall prefer to select a CSG cell whose CSG Identity is in the UE’s Allowed CSG List or in the User CSG list when the cell reselection criteria has been met. 

NOTE: 
All CSG identities on the Allowed CSG list and the User CSG list have the same priority. 
UE will automatically reselect CSG which is in the UE’s Allowed CSG List or in the User CSG list when the cell reselection criteria have been met. The cell reselection criteria are same as today’s cellular cell reselection that are (1) use the PLMN priority list to find the preferred PLMN, then use the radio signal strength to decide to preferred CSG. 
Problem statement

Using normal cellular cell reselection criteria with consideration of radio signal strength works well for current cellular systems because the cellular systems are well planned and optimised. Using radio signal strength only is also works fine with WLAN with manual selection only because as long as the radio signal is above a threshold, the UE will stick to the WLAN. For CSG, it is different and they are not well planned from radio perspective. Radio signal strength requires time average, for a UE which is not moving, the H(e)NB provides the best signal will be always provide the best signal, however, for a UE is moving, the H(e)NB provides the best radio signal will change. One example is that block of flats in cities. Assuming each flat has one H(e)NB and all are under same PLMN and users are also the members of neighbour CSGs as they sometime visit each other, one user’s H(e)NB is surrounded by several H(e)NB – they could be from top, bottom, front, back, left and right. These H(e)NB in the flats may be configured to transmit different power as well. Therefore, the user’s H(e)NB may not provide the strongest radio signal in all rooms in the user’s flat because neighbour H(e)NB may transmit higher powers and provides better radio signal at some parts of the user’s flat. Even we assume that all H(e)NB transmit same power, the UE will receive the best signal in user’s study room where H(e)NB is installed, however, when user moves to his bedroom and the neighbour H(e)NB is installed just above or below user’s bedroom, the neighbour H(e)NB may provide the best radio signals to UE. Then UE will reselect to neighbour H(e)NB.  Another example is that a coffer shop hybrid access  CSG that uses the same PLMN as the user’s home CSG and coffer shop CSG transmitter covers a huge area and is next to the user’s home H(e)NB, this hybrid access H(e)NB radio single strength is much higher than the user’s H(e)NB in the house, so that the UE is always connected the hybrid CSG according to radio signal strength not the user’s H(e)NB in the house if UE selects CSG only according to radio single strength.  It is not desirable for the UE to select neighbour H(e)NB just according to radio signals. After selecting the neighbour H(e)NB, not only the user cannot use all local IP access such as access user’s control server and local printer, but user might have to pay more for the access neighbour H(e)NB.

As mentioned above, if only use PLMN and radio signals to select H(e)NB and without CSG priority (same priority for all CSG), UE may be ended to use neighbour’s H(e)NB not user’s H(e)NB.
Proposed solution
The issue mentioned above can be addressed by introduction of a CSG priority indicator/value. For example, the user’s H(e)NB always has the highest priority. As long as the UE is within the user’s H(e)NB coverage (that provides suitable radio signal strength), the UE shall stay with the user’s H(e)NB even there are H(e)NB that provide better radio signals than radio signal of user’s H(e)NB.
The CSGPriorityIndicator can provide the ways for users to stay on their Home CSG (low billing rate CSG) or preferred CSG among the all available CSGs. CSGPriorityIndicator is determined for each CSG, based on its CSG identity/type, whether or not it is in User CSG List, and whether or not it is in Allowed CSG List. CSGPriorityIndicator is first ordered by CSG identity/type. There can be multiple parameters with pre-defined priority order, e.g., “Home CSG (Low Billing Rate)” > “Preferred (User CSG List)” > “Roaming Partner (Allowed CSG List)”. Within each CSG identity/type, CSG with its ID in the User CSG List would have higher priority. 

The CSGPriorityIndicator is listed in the Table 1 below:

Table 1
	
	CSG identity/Type (Home or Low Billing Rate)
	User CSG List
	Allowed CSG List

	CSGPriorityIndicator 7 
	1
	1
	1

	CSGPriorityIndicator 6
	1
	1
	0

	CSGPriorityIndicator 5
	1
	0
	1

	CSGPriorityIndicator 4
	1
	0
	0

	CSGPriorityIndicator 3
	0
	1
	1

	CSGPriorityIndicator 2
	0
	1
	0

	CSGPriorityIndicator 1
	0
	0
	1

	CSGPriorityIndicator 0 (Manual selection)
	0
	0
	0


Note: A CSG ID can be in both User CSG List and Allowed CSG List – the result of user performing a manual selection on a CSG whose ID is in Allowed CSG List.

Since UE and network should have the same context on CSG type, User CSG List, and Allowed CSG List, they can establish the same set of CSGPriorityIndicator. With the CSGPriorityIndicator in UEs and core networks, CSGs will have priorities. 

· When CSG type is “Home CSG (low billing rate CSG)” and CSG is also in the User CSG List (which contains the most frequently used CSG list), and Allowed CSG List (which contains the operator’s Allowed CSG list, e.g. with CSG roaming agreement) CSGPriorityIndicator has the highest priority (CSGPriorityIndicator=7).

· When CSG type is “Home CSG (low billing rate CSG)” and CSG is also in the User CSG List (which contains the most frequently used CSG list), CSGPriorityIndicator has the second highest priority (CSGPriorityIndicator=6)
· When CSG type is “Home CSG (low billing rate CSG)” and CSG is also in the operator Allowed CSG List (which contains the operator’s Allowed CSG list and has CSG roaming agreement), CSGPriorityIndicator=5.

With the Home CSG (low billing rate CSG) is “1”, the mobile user would know when he can make the special rate calls and when the mobile user is in the coverage of user’s H(e)NB. For example, “Low Billing Rate” is always equal to “1” for home CSG.

· When the CSG is in the User CSG List (which contains the most frequently used CSG list)” and also is in the operator Allowed CSG List (which contains the operator’s allowed CSG list and has CSG roaming agreement), CSGPriorityIndicator has priority value =3.

· When the CSG is in the User CSG List, CSGPriorityIndicator has priority value =2.

With the User CSG List is “1”, mobile users would have used this CSG before and know billing rates and the user is a member of this CSG. 

· When the CSG is in the operator Allowed CSG List (which contains the operator’s allowed CSG list and has CSG roaming agreement), CSGPriorityIndicator has priority value =1.

With the operator’s Allowed CSG List is “1”, mobile users would know this is recommended CSG by user’s operator and user home PLMN operator already has roaming agreement with this CSG. It is safe and secure to use. 

· When the CSG is not associated to any of three in the Table, CSGPriorityIndicator has priority value =0. In this case, mobile user only can do manual selection and let HPLMN to decide whether the user can access the CSG. This CSG should have the lowest priority.

Networks (NW) and UE may synchronise the CSGPriorityIndicator because the Allowed CSG List in USIM or ME may not be same as operator’s Allowed CSG List due to out synchronisation issue if necessary.
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