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The way to convey parameters for CSG inbound mobility
1 Background
Inbound mobility to CSG cells in IDLE mode is planned to be finished in Rel-8 while now in GERAN it is not clear what kind of parameters are needed for inbound mobility to CSG cells and how to retrieve these parameters. This paper is to clarify the parameters necessary for inbound mobility to CSG cells and propose the way of conveying these parameters.
2 Introduction of parameters for inbound mobility to CSG cells
It was agreed in RAN group that UE shall do autonomous search in IDLE mode for inbound mobility to both HNB and HeNB. When and where the UE will trigger the autonomous search for CSG cells are based on the fingerprint stored in UE. The fingerprint is some useful information, e.g. geographical location information (the user will know now he is near CSG based on LCS like services), however the detailed contents of fingerprint are implementation specific and not defined in the standards.
To support inbound mobility to CSG cells in IDLE mode the following parameters should be first transmitted to MS. These parameters are at least broadcast in the system information instances in the target CSG cell and some of them can be optionally broadcast in the macro cells. 
1. Deployment and frequency information

There are two ways of deploying frequencies for CSG cells:

· dedicated frequency

In this case the dedicated frequency is only applicable for CSG cells, and macro cells can not share the dedicated frequency allocated to CSG cells. In normal cases one dedicated frequency is sufficient for all the CSG cells in one PLMN. The MS can identify CSG cells by the dedicated frequency information. 
· shared frequencies

In this case the frequencies are shared by both macro and CSG cells to save radio resources. The MS can not identify CSG cells since the frequency is applicable for both macro cells and CSG cells. So a reserved PCI list is introduced, see point 2. 
2. reserved PCI list

A reserved PCI list consists of PCIs exclusively reserved for CSG cells. The list may contain 10-20 PCIs and different CSG cells may share the same PCI value. The MS can identify CSG cells by this information. 
3. Priority
Due to charging differences CSG cells are assumed with implicitly higher priority than macro cells, which indicates the MS has the precedence to camp on the CSG cell if both CSG cell and macro cells satisfy the reselection criteria.

4. offset

The current working assumption in RAN2 is that mobiles should obey best cell selection algorithm, i.e. the cell with best signal level (no matter it is a macro or a CSG cell) shall be selected. In the case where a macro cell has higher signal level than a CSG cell while their signal level are both higher than the threshold, the offset is added on the signal level of the CSG cell.
Example:

Macro cell A has the signal level RSRP1 and CSG cell B has the signal level RSRP2 (RSRP1 > RSRP2)

To give the MS precedence to cell B when ranking the cells, an offset is introduced while ranking:

 If (RSRP2+offset) > RSRP1 the CSG cell should be selected, else the macro cell should be selected. The network controls the value of this offset.
3 Discussion on how to convey parameters in GERAN
A general concern is that currently all the above parameters are only specified to be broadcast in CSG cells and thus mobiles camping in a macro cell have no knowledge about which neighbor cells are CSG cells before ranking. Therefore mobiles have to search all available frequencies and make measurements on both CSG and macro cells even beyond the area indicated by fingerprint, which significantly increases the power consumption for mobiles.
Another problem is regarding to backward compatibility, e.g. users with pre-Rel8 mobiles may also buy a HNB without changing their mobiles. Thus the legacy mobiles can not identify which cells are CSG cells and even can not identify new system information from CSG cells. In this case a backward compatible mechanism is needed to convey related parameters to mobiles. 
The following discussion is mainly addressed the above problems:
3.1 Deployment and frequency information

If the MS camping in a macro cell with no knowledge about the frequencies being used for CSG neighbor cells the MS has to search all available frequencies which is unnecessary in cases. One example is that when the MS is triggered to do autonomous search and a dedicated frequency is allocated for CSG cells the MS does not need to search macro cells on other frequencies. Another example is that when the MS is not within the area indicated by the fingerprint it is not necessary to search CSG cells.
The knowledge of the way to allocate frequencies for CSG cells can help the MS to improve its performance, e.g. if the MS knows that a dedicated frequency is allocated for CSG cells then after one time autonomous search for all available frequencies the MS can finally find the dedicated frequency and store this information in the SIM card. Next time when the fingerprint information triggers the autonomous search for CSG cells the MS can only search that frequency previously stored.
Furthermore considering only one dedicated frequency will be given to CSG cells signaling dedicated frequency to mobiles in neighbor macro cells will only occupy 16 bits long. For shared frequencies the existing messages have already included frequency list for macro E-UTRAN cells and only one extra bit needs to be added for each frequency shared with CSG cells. After receiving this information the MS will store the frequency list for CSG cells. Next time when autonomous search is triggered the MS only needs to search frequencies stored in the frequency list. The following table shows an example for HENB:
	< Repeated E-UTRAN Neighbour Cells struct > ::=

{ 1 < EARFCN : bit (16) >
         { 0 |1 < shared frequency indication>: bit (1) > }


< Measurement_Control_E-UTRAN : bit (1)



{ 0 | 1 < Measurement Bandwidth : bit (4) > } } ** 0


{ 0 | 1 < NOT ALLOWED CELLS : < Not Allowed Cells struct >> }
{ 0 | 1 <dedicated CSG EARFCN indication: bit (1)>} /* to indicate if dedicated deployment is applied */
{ 0 | 1 <dedicated CSG EARFCN: bit (16)>};


To minimize the impact on macro cells it is therefore proposed to at least indicate whether dedicated frequency or shared frequency given to CSG cells in neighbor macro cells. Optionally the shared frequency list or dedicated frequency can be indicated in neighbor macro cells. This information can be delivered via system information or dedicated signaling in macro cells for specific mobiles.
	Proposal 1: for both HNB and HENB an indication of frequency allocation for CSG cells should be broadcast in neighbor GERAN cells and optionally the frequencies for CSG cells can be broadcast or signaled to certain mobiles in neighbor macro cells.


3.2 Reserved PCI list

In case that shared frequencies are given to CSG cells even if the MS knows frequency information it can not identify which cells are CSG cells on one certain frequency. Thus the problems mentioned above still exist.
The reserved PCI list can be indicated by start and stop PCI information which occupies 18 bits. Compared to the performance improvements achieved by mobiles the reserved PCI list is worth conveying to mobiles especially when shared frequencies are given to CSG cells.
	Proposal 2: for both HNB and HENB the reserved PCI list is indicated to the mobiles in neighbor GERAN cells when there are neighbor frequencies.


3.3 Priority
The priority for CSG cells is assumed implicitly as higher than any other cells and in IDLE mode there is no significant precedence between different CSG cells. It is therefore proposed not to introduce additional priority parameter for CSG cells for IDLE mode.
However the cell reselection e.g. in Packet Transfer mode needs further study since HNB and HENB can provide different kinds of services. Due to time limitation it is suggested to leave this as open issues for Rel-9. In Rel-8 only IDLE mode mobility is considered.
3.4 Offset
The offset now is broadcast in each CSG cell. However since all CSG cells have the same implicit priority we can assume in normal cases a common offset is applicable for different CSG cells. Thus a common offset is proposed to broadcast in GERAN cells to avoid frequently reading system information from CSG cells. If the CSG-specific offset needs to be considered the network can indicate mobiles to read CSG-specific offset broadcast in CSG cells. The following table shows an example for this:
	< Offset for CSG cells struct > ::=

{ { 0 | 1 <common or specific offset indication: bit (1)>}

{ 0 | 1 <common offset: bit (6)>};


Thus mobiles don’t need to read system information from CSG cells to retrieve offset if this is allowed by the network.
	Proposal 3: to indicate a common offset as well as an offset indication for both HNB and HENB in GERAN cells.


3.5 Backward compatibility

This issue is focused on pre-Rel8 mobiles supporting GERAN and EUTRAN. Regarding to Rel-8 mobiles there is not backward compatibility problems and therefore only HNB cells need to be addressed for backward compatibility.
An example is shown below to illustrate this issue:

A user with a pre-Rel8 mobile bought a HNB for home usage. Since the pre-Rel8 mobile can not identify any kinds of new/extended messages for CSG cells the mobile can not know which cells are CSG cells and when/where to trigger the search for CSG cells.
In this case the network has to broadcast the list of {frequency + PSC} for CSG cells in the existing UTRAN NCL no matter it is dedicated or shared frequency. The legacy mobile will read the information for CSG cells as normal UTRAN cells and implement normal cell reselection procedure to CSG cells. 
	Proposal 4: for HNB cells the GERAN neighbor cell should broadcast frequency and PSC information for CSG cells as normal UTRAN cells.


4 Conclusion

Based on the above discussion it is proposed to broadcast a minimum of information related to CSG cells in the GERAN neighbour cell to reduce power consumption for mobiles.


































































































































