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1. Introduction

Reformation of intra-frequency cell reselection mechanism is necessary in order to support macro/CSG cells mixed carrier deployment. A special attention needs to be drawn to the fact that the concept of Closed Subscriber Group creates situations where the UE can not camp “normally” on the CSG cell that is considered to be the best in the cell reselection ranking.

In this document we try to discuss aspects that need to be taken into account in the intra-frequency cell reselection in a macro / CSG mixed carrier.

2. Discussion
2.1. Allowing the UE to reselect a non-best cell

The first question to be answered is whether the UE should be allowed to reselect a non-best cell on the same frequency [1].

We think there are situations where interference from non-serving UEs is acceptable for a CSG cell (e.g. when the CSG cell does not serve any UE). Therefore a CSG cell can indicate whether the UE is allowed to reselect to a non-best cell on the same frequency. The same function was achieved by the “Intra-frequency cell re-selection indicator” in UMTS [2]. We use the same name in this document.
Since the above situation of the CSG cell changes dynamically, a mechanism is needed to make the UE periodically re-check the “Intra-frequency cell re-selection indicator” after the UE has reselected a non-best cell. A simple timer based can be used for this purpose. The UE re-checks the indicator of the CSG cell at expiry of this timer. The handling of the timer is only valid when the CSG cell remains best ranked. The timer value can be signalled by the network in the system information or fixed in the standard.

Again the above mechanism is quite similar to the handling of barred cell in UMTS [2]. The main differences are that the “Intra-frequency cell re-selection indicator” is valid even when the cell is not barred and that the above timer should be separate from the T_barred.

Proposal 1:
To introduce the IE “Intra-frequency cell re-selection indicator” that is valid independently from the barred status

Proposal 2:
To introduce a separate timer (T_recheck) to make the UE re-check the “Intra-frequency cell re-selection indicator” after the UE has reselected a non-best cell
2.2. Controlling the validity of ‘not-allowed’
The consequences of “the “Intra-frequency cell re-selection indicator” being set to ‘not-allowed’ can be severe. We think that the situation where a certain carrier is completely precluded from the cell reselection candidate shall be minimized.

The use of ‘not-allowed’ indication should be limited to the case where it is expected that the UE causes unacceptable interference to the CSG cell. Therefore it would be beneficial if a CSG cell has a means to control the validity of “Intra-frequency cell re-selection indicator” set to ‘not-allowed’ depending on the expected interference from the UE. In idle mode mobility, the determination on the validity needs to be done by the UE based on parameters signalled from the network.
One possible metric for determining expected interference can be the difference between RSRP of the best ranked CSG cell and RSRP of non-best cell. An offset parameter can be used for this purpose.

Interference mitigation techniques like FFR can be used to extend the coverage of a macro-cell such that macro-cell is usable under the footprint of a CSG cell. Depending on the extent of gain this provides, the network can set an appropriate value of the offset.
The UE can ignore the ‘non-allowed’ indication (i.e. allowed to reselect a non-best cell) only when the following criterion is satisfied.



RSRP_csg   <   RSRP_neighbourcell + Offset_neighbourcell 

Alternatively, RSRP_csg and RSRP_neighbourcell can be the cell-ranking criterion Rs and Rn (as defined in [3]) respectively.

Proposal 3:
To define the following UE requirement for the case a CSG cell is best ranked in cell reselection criteria and the access to the CSG cell is not allowed.
	If a CSG cell is best ranked in cell reselection criteria and the access to the CSG cell is not allowed;

1> if the “Intra-frequency cell re-selection indicator” is set to ‘allowed”;

2> The UE is allowed to select a non-best cell.

1> else if the “Intra-frequency cell re-selection indicator” is set to ‘not-allowed”;

2> if RSRP_csg   <   RSRP_neighbourcell  + Offset_neighbourcell;

3> The UE is allowed to select a non-best cell.

2> Else

3> The UE is not allowed to select a cell on the same frequency for normal camping. 


Another interference scenario that needs to be discussed is the case where a macro UE (i.e. a UE camping on the best ranked macro cell) using high transmission power causes interference to a CSG cell nearby. A CSG cell can use a negative value for the Offset_neighbourcell if the interference scenario is concerned.

This would require the macro UE to read the system information of the non-best ranked CSG cell and confirm whether ‘not-allowed’ is indicated by the “Intra-frequency cell re-selection indicator”. The UE can ignore the ‘non-allowed’ indication (i.e. allowed to reselect a non-best cell) only when the following criterion is satisfied. It should be noted that the following criterion is meaningful in this scenario only if the Offset_neighbourcell has a negative value.



RSRP_csg   <   RSRP_macro  + Offset_neighbourcell (where Offset_neighbourcell is a negative value)

Alternatively, RSRP_macro and RSRP_csg can be the cell-ranking criterion Rs and Rn (as defined in [3]) respectively.

Unnecessary reading of system information from non-CSG cell can be avoided by making the UE aware of the PCI space reserved for CSG cell use.

Proposal 4:
To define the following UE requirement for the case a macro cell is best ranked in the cell reselection criteria

	If a macro cell is best ranked in the cell reselection criteria;

1> If the UE sees a neighbouring CSG cell; 

2> The UE shall try to read the system information of the CSG cell.

2> if the “Intra-frequency cell re-selection indicator” is set to ‘allowed”;

3> The UE is allowed to stay in the macro cell

2> else if the “Intra-frequency cell re-selection indicator” is set to ‘not-allowed”;

3> if RSRP_csg   <   RSRP_macro  + Offset_neighbourcell;

4> The UE is allowed to stay in the macro cell.

3> Else

4> The UE is not allowed to select a cell on the same frequency for normal camping.


It would be sensible to assume that the Offset_neigbourcell can be dynamic parameter. However it should be avoided to mandate the UE behaviour to read the system information from CSG cell every time measurement for cell reselection is performed. The UE can re-read the system information of CSG cell at T_recheck expiry.

Proposal 5:
To specify that the UE shall recheck the Offset_neighourcell at T_recheck expiry

2.3. Multiple CSG cells in cell ranking

It should be clear how the UE should behave with respect to the “Intra-frequency cell re-selection indicator” when multiple CSG cells are considered in cell ranking. One example is shown in the table-1 below.

	Cell ranking
	Cell type
	Intra-frequency cell re-selection indicator
	

	1
	CSG
	Allowed
	Cell 1

	2
	CSG
	Not-allowed
	Cell 2

	3
	Macro
	N/A
	Cell 3


Table-1: UE detects multiple CSG cells
Let us assume that the UE is not allowed to access both cell 1 and cell 2. The following UE behaviour can be envisaged.

1. Checks the CSG-identity of cell 1 and finds that it cannot camp on the cell 1

2. Checks the “Intra-frequency cell re-selection indicator” of cell 1 and starts the T_recheck for cell 1

3. Checks the CSG-identity of the cell 2 and finds that it cannot camp on the cell 2

4. Checks the “Intra-frequency cell re-selection indicator” of cell 2 and starts the T_recheck for cell 2

5. Uses the algorithm described in the section 2.2 and finds that it can camp on the cell 3

6. Camps on the cell 3

A natural question here is how “deep” the UE should look into the ranked cells in the above behaviour. We propose to specify parameter N, which indicates that the UE only tries up to (N+1)th cell. For example when N = 1, the UE abandons the current frequency when it finds out the second best cell is not accessible.
N can be fixed in the standard and simplest is N=1, in which case the UE leaves the current frequency in after step 3 in the above example.

Proposal 6:
To specify that the UE shall abandon the current frequency when it becomes aware that (N+1)th best cell is not accessible
3. Conclusion
In this document we discussed aspects that should be addressed for the intra-frequency cell reselection support in a macro / CSG mixed carrier. Based on the discussions in this document we propose the following.
Proposal 1:
To introduce the IE “Intra-frequency cell re-selection indicator” that is valid independently from the barred status

Proposal 2:
To introduce a separate timer (T_recheck) to make the UE re-check the “Intra-frequency cell re-selection indicator” after the UE has reselected a non-best cell
Proposal 3:
To define the following UE requirement for the case a CSG cell is best ranked in cell reselection criteria and the access to the CSG cell is not allowed.
Proposal 4:
To define the following UE requirement for the case a macro cell is best ranked in the cell reselection criteria

Proposal 5:
To specify that the UE shall recheck the Offset_neighourcell at T_recheck expiry

Proposal 6:
To specify that the UE shall abandon the current frequency when it becomes aware that (N+1)th best cell is not accessible
We are happy to prepare stage-3 CR once the proposals are agreed by the group.
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