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1   Introduction
Five solutions of Operational Carrier Selection were listed in the latest version of TR 03.024, the comparison criteria and comparison matrix structure was also agreed. In this contribution, we analyses each of the solutions, fill the comparison matrix, and propose to select Solution2 as the way forward of operational carrier selection topic.

2    Discussion

2.1   Existing mechanisms and Solution1
The existing mechanisms listed at the beginning of section 4.4.2 shows what we have already have according to current spec, including the information provided from neighbors via X2 interface and from OAM. And current Cell activation/deactivation allows eNBs to active/deactivate cells based on the request from others, or based on its own algorithm, it can help the Pico to select carriers with some flexibility. The solution1 can be regarded as an example of the existing mechanisms.
Conclusion 1: The listed existing mechanisms (take Solution1 as an example) have already provided a flexible way for Pico, to select the carriers based on the information received from X2 interface or OAM.
2.2   Solution 2
Solution2 is a complementarity of the existing mechanisms, because in current X2 spec TS36.423, it is said that:

The purpose of the Load Indication procedure is to transfer load and interference co-ordination information between eNBs controlling intra-frequency neighboring cells.

An eNB initiates the procedure by sending LOAD INFORMATION message to eNBs controlling intra-frequency neighbouring cells. 

In Macro-Pico scenario, if the Pico can get the ICIC information about all the neighboring cells, not only the intra-freq neighboring cells, it will be a helpful input for Pico operational carrier selection.

This solution only introduces a minor change to current text of X2 spec, no OAM impact, and no UE impact.

Conclusion 2: Solution2 is a complementarity of the existing mechanisms. It can help the Pico to have a whole view of the ICIC information of all the neighboring cells, not only the intra-freq neighboring cells. By only introducing a minor text change of X2 spec.
2.3   Solution 3
As analyzed in [1], in case the eNBs are not greedy, there is no need to introduce new solution for carrier deactivation/carrier switch off” request, because when an eNB knows its cell1 introduce huge interference to other eNBs, and this cell1 can be switched off, this eNB can deactivate the cell1 by itself. 

And in case the existing mechanisms are used, the problem mentioned “causing sudden interference “jumps” when a cell/carrier is switched on” will not happen, hence there is also no need to introduce new “Coordination of carrier switch-on” solution.

Conclusion 3: in case the eNBs are not greedy, and the existing mechanisms are used, there is no need to introduce new solutions for “carrier deactivation / carrier switch off request” and “Coordination of carrier switch-on” solutions.
2.4   Solution 4
In solution4, take Macro-Pico as an example, the Pico informs the measurement pattern to the Macro, and the Macro UE measures the Pico in the high power resources, and the zero power data transmission resources, the Macro calculates the performance degradation (CQI/RSRP/RSRQ) , then the Macro inform this performance degradation (cost) to the Pico. 

This solution reuses the ABS mechanism to have the high power/zero power data transmission resources splitting, according to the discussion of ABS in current release, the Tx power on CRS is not reduced, hence how to get the performance degradation by the measurement of CQI/RSRP/RSRQ are still FFS.
Conclusion 4: The solution is not completed yet, how to get the performance degradation by the measurement of CQI/RSRP/RSRQ is still FFS.
2.5   Solution 5
In solution5, the Pico will open a cell by activating the carriers and transmitting information (for example to un-valid UE identifiers), and the neighbours calculates the performance degradation according to the measurement report from the interfered UEs. Then the neighbours inform this cost to the Pico, Pico will decide whether to really active this cell or not. 

According to the existing mechanisms, the Pico can also active a cell (transmitting information to some valid UE), and receives the ICIC information from neighbors, then decides whether to keep this cell active or not. It is FFS how much the gain it is to have this new procedure. 
Conclusion 5: It is FFS how much the gain it is to have solution5, comparing with what existing mechanisms have already had.
3   Comparison matrix

According to the analyses above, the comparison matrix is filled as below:

Table 4.4.3.2-1: Comparison of solutions for interference coordination in dense macro-pico deployments
	
	Compatibility with legacy UEs
	Synchronisation level
	X2 specification impact
	Impact on eNB
	Impact on OAM subsystem
	Impact on UE
	Effectiveness of the proposed enhancements

	Solution 1
	Yes
	Not needed
	No
	Pico selects the carrier based on the received information.
	No
	No
	Effective, with some flexibility.

	Solution 2
	Yes
	Not needed
	Exchange Load Information of all the neighbouring cells between eNBs.
	Not only exchange ICIC between intra-freq neighbours, but also inter-freq neighbours.
	No
	No
	Pico can know the interference status all the carriers.

	Solution 3
	Yes
	Not needed
	New “coordination of carrier switch-off” and
“coordination of carrier switch-on” solutions
	Processing of the coordination of carrier switch-off and switch-on.
	No
	No
	Fully flexible coordination of cell switch-off  Provided. 

But not necessary in case the eNBs are not greedy, and the existing mechanisms are used.

	Solution 4
	Yes
	Same as ABS
	Exchange the measurement start and duration.
Exchange the performance degradation(cost).
	Coordination of the measurement, calculation of the cost.
	No
	No
	How to get the performance degradation by the measurement of CQI/RSRP/RSRQ is still FFS.

	Solution 5
	Yes
	Not needed
	Exchange the performance degradation (cost).
	Transmitting information to un-valid UE identifiers;
Calculation of the cost.
	No
	No
	It is FFS how much the gain it is to have solution5, comparing with what existing mechanisms have already had.


4   Proposal
According to the analyses above, there are several conclusions are achieved:

Conclusion 1: The listed existing mechanisms (take Solution1 as an example) have already provided a flexible way for Pico, to select the carriers based on the information received from X2 interface or OAM.

Conclusion 2: Solution2 is a complementarity of the existing mechanisms. It can help the Pico to have a whole view of the ICIC information of all the neighboring cells, not only the intra-freq neighboring cells. By only introducing a minor text change of X2 spec.

Conclusion 3: in case the eNBs are not greedy, and the existing mechanisms are used, there is no need to introduce new solutions for “carrier deactivation / carrier switch off request” and “Coordination of carrier switch-on” solutions.
Conclusion 4: The solution is not completed yet, how to get the performance degradation by the measurement of CQI/RSRP/RSRQ is still FFS.

Conclusion 5: It is FFS how much the gain it is to have solution5, comparing with what existing mechanisms have already had.
Based on these conclusions, we propose:

Proposal: Using existing mechanisms as the solution of Operational Carrier Selection for Pico, and select Solution2 as the complementarity of the existing mechanisms.
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