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1   Introduction
In the RAN3 #75bis and in the mail discussion [#08: DL Interference solutions for Carrier Based HetNet], several solutions were discussed and evaluated to solve the DL interference problems for carrier based HetNet, which have been categorized into three groups in [1].
Table 1: Candidate solutions for Carrier-based HetNet ICIC in DL interference scenario
	Solution 1
	1-A
	Exchanges the information about Pcell vs. SCell carrier loading over X2

	
	1-B
	Exchange interference indication for data channels over X2

	
	1-C
	Exchange interference indication for control channels over X2

	Solution 2
	
	OAM Pre-configures protected PDCCH carrier component(s) to involved eNBs 

	Solution 3
	3-A
	Exchange the RNTP/ transmit power related information over X2

	
	3-B
	Exchange information about the configuration of protected PDCCH carrier component(s) over X2


In this contribution, we have further considerations on the DL interference mitigation solutions.
2   Discussion

2.1   Solution 1
In solution 1-A, “PCell/SCell load” on each carrier is mainly used as a priori information for the receiving eNB to choose protected carriers as PCell/SCell for its serving users. Some examples of PCell/SCell load are proposed in [2]: It can be defined as the percentage of used PRBs for PCell and SCell, or the number of configured users with PCell / SCell on the carrier respectively. Both the two definitions are closely related with data channel but not control channel. 

When we are considering of whether cross-carrier scheduling is enabled or not, it is easy to find that the efficiency of solution1-A will be quite different.

If Cross-Carrier scheduling is not enabled:
If cross-carrier scheduling is not enabled, the defined PCell/SCell load is representative for the load status of data channel. Generally, the load on control channel is proportional to that of data channel. As a result, the receiving eNB could determine the carriers with protected data/control channel from the PCell/SCell load information. Table 2 shows an example of the PCell/SCell load of macro cell, the PRB usage of f1 and f2 are 30%+60%=90% and 10%+20%=30% respectively. The pico cell may choose the less loaded carrier f2 as PCell for its users. 

Table 2: an example of PCell/SCell load of Macro cell
	Carrier 
	PRB usage for PCell 
	PRB usage for SCell 

	f1 
	30% 
	60% 

	f2 
	10% 
	20% 


If Cross-Carrier scheduling is enabled:
As shown in Fig.1, if cross-carrier scheduling is enabled, macro cell may schedule data on f2 through the control channel on f1, so as to eliminate the control channel interference introduced to Pico cell on f2. In this case, the PCell/SCell load is not enough to tell the load status of control channel on certain carrier of the neighbor cells.
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Fig. 1: Simple illustration of scenario with CA of two carriers on macro and pico. Source: 3GPP TR36.814
Also take table2 as the example. The 20% PRB usage of SCell on f2 may be scheduled by the control channel on f1. And the 60% PRB usage of SCell may also be scheduled by the control channel on f2. Then the control channel load on f1 and f2 may be 30%+20%=50% and 10%+60%=70% approximately. Reversely, carrier f1 becomes the less loaded carrier given fully cross-carrier scheduling. 

Conclusion 1: In case Cross-Carrier scheduling is applied, the “PCell/SCell load” concept is not appropriate to tell the control channel status on a certain carrier of the sending eNB. 
As the PCell/SCell load is only representative for the load status of data channel without applying Cross-Carrier scheduling, there’s no need to separately distinguish PCell load and SCell load.  So “data channel load” can be used instead of “PCell/SCell load”. Specifically, “data channel load” may be defined as PRB usage of data channel per carrier, which is a simple extension of the Radio Resource Status IE. 
On the other hand, if “control channel load” concept is used, after exchange the control channel load between eNBs, the receiving eNB can select the carrier with less control channel load for the UE, can HO UEs to the cell with less control channel load, etc.

For example, the “control channel load” can be calculated by the occupied OFDM symbols and/or occupied CCE numbers, the Tx power of the control channel, the percentage of used REs for control channel etc. 
Conclusion 2: “control/data channel load” concept is more helpful than “PCell/SCell load” in this scenario. It is proposed to use “control/data channel load” instead of “PCell/SCell load” in solution 1-A.

In solution1-B and 1-C, eNBs will exchange interference indication for control /data channels over X2. After receiving information of solution 1-A, 1-B and 1-C, other eNBs could have two options to perform:

Option1: Upon receiving single control or data channel load information or interference indication, the eNBs select the carrier with less load/interference in control/data channels for the UE. But in case the eNBs are not synchronized, and cross-carrier scheduling is enabled, this option is not helpful for the carrier selection of the UE.

Option2: Upon receiving both data and control channel load information/interference indications, the eNBs select the carrier with less load/interference in both control and data channels for the UE. Even in case the eNBs are not synchronized, and cross-carrier scheduling is enabled, this option is still helpful for the carrier selection of the UE.
Conclusion 3: From option 2, we can see that it is helpful to carrier selection by utilizing both data and control channel load information/interference indications. 
2.2   Solution 2 and Solution 3-B
Both solution 2 and solution 3-B are related with the protected PDCCH carrier component(s), either via OAM or X2. In synchronized deployment, special scheduling should be considered together with the protected PDCCH carrier component(s). In non-synchronized deployment, even if the protected PDCCH carriers of different eNBs are orthogonal, the data channel of the same carrier may still introduce strong interference to the protected PDCCH.  In this case, the aggressor eNB needs to reduce the usage and/or transmit power of both data and control channel resource of that carrier. 
Considering how to inform the PDCCH carrier information in solution 3-B, besides informing neighbours of this information explicitly, it can also be done by an implicit way, i.e. as eNBs always inform its cell list to the neighbours. The first cell(s) in the list could be regarded as the carrier which the sending eNB would like to protect. 

Conclusion 4: Solution 3-B can be supported without spec impact, i.e. as eNBs always inform its cell list to the neighbours in X2 setup/eNB configuration procedures. The first cell(s) in the list could be regarded as the carrier which the sending eNB would like to protect. 
2.3   Solution 3-A
In solution 3-A, four possible solutions are listed as follows [3],

A-1)   No enhancement to current mechanisms

A-2) 
Current RNTP reporting mechanisms is extended by enabling an eNB to indicate to another eNB the RNTP threshold it likes to receive a report about 
A-3)   Enable an eNB to send the recommended transmit power and/or expected power reduction to another eNB, to achieve protected resources

A-4)   Current RNTP reporting mechanisms is extended by enabling an eNB to indicate to another eNB to increase or decrease the used RNTP threshold
As shown in [4], the determination of reported Relative Narrowband TX Power indication 
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Solution 3-A-2 and 3-A-4 are both targeted at one eNB choosing or adjusting an appropriate RNTP threshold for another eNB that sends the RNTP results, to help the eNB to acquire more accurate information of the potential interference from another eNB upon the received RNTP results. 
For solution 3-A-3, the recommended transmit power and/or expected power reduction is sent from one eNB. Upon receiving the message, the receiving eNB could adjust the transmit power of certain PRBs as low as the sending eNB suggests, or the receiving eNB could adjust the RNTP threshold toward the sending eNB using the formula above. Instead of adjusting Tx power, it can achieve the functionalities of Solution 3-A-2 and 3-A-4.
Conclusion 5: By using solution 3-A-3, the function of solution 3-A-2 and 3-A-4 can be achieved, i.e. adjust RNTP threshold. Besides that, the receiving eNB could adjust the transmit power of certain PRBs as low as the sending eNB suggests.

3   Conclusion / Proposals
In this contribution we share our views on the DL interference mitigation solutions. We have the conclusions as followings.

Conclusion 1: In case Cross-Carrier scheduling is applied, the “PCell/SCell load” concept is not appropriate to tell the control channel status on a certain carrier of the sending eNB. 

Conclusion 2: “control/data channel load” concept is more helpful than “PCell/SCell load” in this scenario. It is proposed to use “control/data channel load” instead of “PCell/SCell load” in solution 1-A.

Conclusion 3: From option 2, we can see that it is helpful to carrier selection by utilizing both data and control channel load information/interference indications. 

Conclusion 4: Solution 3-B can be supported without spec impact, i.e. as eNBs always inform its cell list to the neighbours in X2 setup/eNB configuration procedures. The first cell(s) in the list could be regarded as the carrier which the sending eNB would like to protect. 

Conclusion 5: By using solution 3-A-3, the function of solution 3-A-2 and 3-A-4 can be achieved, i.e. adjust RNTP threshold, besides that, the receiving eNB could adjust the transmit power of certain PRBs as low as the sending eNB suggests.
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