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1 Introduction
At RAN3 #75bis, five candidate solutions have been selected to address the interference problem on the topic of operational carrier selection in Carrier Based ICIC [1]. Also, the evaluation criteria for the solutions of operational carrier selection have been listed. 
In this contribution, a discussion on five candidate solutions is presented based on the evaluation criteria. 
2 Evaluation of candidate Solutions
2.1 Comparing the candidate solutions

In the last meeting, the evaluation criteria used for comparing the candidate solutions for operational carrier selection has been obtained. There are seven items shown below is included in the evaluation criteria.
Table 1: Comparison criteria for interference coordination in dense macro-pico deployments
	Criteria
	Description

	Compatibility with legacy UEs
	Is the solution operable in case of legacy UEs?

	Synchronisation level
	Clarify the level of synchronisation required by each solution.

	X2 specification impact
	Support of eNB interworking.

	Impact on eNB
	Requirements relative to processing capacity, memory, configured information.

	Impact on OAM subsystem
	Requirements relative to signalling toward OAM

	Impact on UE
	Uu interface specification impact, implementation and performance impact, as foreseen by RAN3. The solutions shall rely on existing UE features in different releases, with focus on solutions with no physical layer impact.

	Effectiveness of the proposed enhancements
	Solution performance as estimated by RAN3. Effectiveness should explain what are the benefits of the proposed enhancements as compared to the existing methods.


Based on the criteria in the table1, Table 2 captures the evaluation of the candidate solutions.

Table 2: Comparison of solutions for operational carrier selection
	
	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
	Low
	No
	No
	No
	No
	Low/Medium

	Solution 2
	Yes
	Low
the same as solution 1
	Yes
Inter-eNB signaling is needed to exchange Load Indication message of all served cell.
	Yes
eNB needs to exchange the Load information of all served cell.
	No
	No
	Medium

	Solution 3
	Yes
	Low
the same as solution 1
	Yes
Several IE and message need to be added to assist the operational carrier selection
	Yes
eNB needs to exchange information of carrier indication, switch off request and switch on request.
	Yes
To provide information about the ICIC carrier for every eNB.
	No
	Medium/high

	Solution 4
	No
To report the RSSI
	Low/Medium
UE needs to measure the high power resource and no data resource, respectively.
	Yes
At least three messages need to be added for CQI.
	Yes
To implement the evaluation of CQI degradation and transmit the result to other eNB.
	No
	Yes
To measure CQI degradation and RSSI 
	Medium

	Solution 5
	No
To report the RSSI
	Low
The same as solution 1
	Yes
At least three messages need to be added for CQI.
	Yes
To implement the evaluation of CQI degradation and transmit the result to other eNB. To activate the carriers for measurement
	No
	Yes
To measure CQI degradation and RSSI
	Medium


*Note: Effectiveness of the proposed enhancements will be discussed in detail in next part.
2.2 Further discussion for the candidate solutions
In this section, the effectiveness of five candidate solutions is analyzed and shown below.
Solution 1: Carrier switching based on existing mechanisms 
The functionality of the existing mechanisms can be reused to select the suitable operational carrier according to description of the solution 1. However, it is necessary to enhance the existing mechanism. The reasons are as below.
a. An eNB will not receive the interference information about the carrier that is not currently in use in neighbour eNBs. Thus, if the eNB wants to switch on a new carrier for improving the performance, it can’t estimate the interference level to neighbour eNBs.
b. When an eNB is severely interfered in DL, the interfered eNB can’t transmit this information to neighbour eNB with the existing mechanisms.
c. The change of Pcell means handover. It may be necessary to avoid the interference between the PCells. Unfortunately, there is no effective existing mechanism to prevent it from occurring.
Observation 1: Enhancement may be necessary to the existing mechanism (solution 1) for inter-cell interference coordination.
Solution 2: Enhancement of LOAD INDICATION

In this solution, the OI/HII/RNTP/ABS of all the served cells of neighbour eNBs should be transferred with X2AP. With enhancing Loading Indication IE, it is helpful for the receiving eNB to estimate the potential interference status when preparing to switch on a new operational carrier.
The contribution [2] points out that only a minor change to current specification needs to be updated in the Load Indication procedure of TS36.423. 
“to transfer load and interference co-ordination information of all the served cells between eNBs controlling intra-frequency neighboring cells.”
The above change in current specification may be sufficient for OI/HII/RNTP. However, it is not sufficient for ABS.
According to the current specification, ABS Information IE is used to assign the ABS pattern to the receiving pico eNB by macro eNB1. If pico sends ABS Information IE to the macro eNB2 for informing the ABS pattern assigned by macro eNB1, macro eNB2 will confuse this information. In addition, the Number Of Cell-specific Antenna Ports IE is also included in ABS Information IE. Once receiving the Number Of Cell-specific Antenna Ports IE, Macro eNB2 also mistakes the meaning of Number Of Cell-specific Antenna Ports IE from pico.
Observation 2: the ABS information needs to be further enhanced in the solution 2. 
Solution 3: Coordinated carrier switching based on interference information

In this solution, OAM configures one eNB with some ICIC carriers that can be used for interference coordination purposes. The ICIC carriers can be configured as Scell for UE. Some protected carriers that is not configured for ICIC purpose, can be selected as Pcell with priority. The inter-cell interference can be mitigated with the help of activity and deactivity of the Scell. Moreover, this solution can effectively avoid the interference between Pcells among the different eNBs.
When an eNB suffers high interference on a carrier, the eNB may inform the neighbour eNB about this situation in a form of switch off request. Namely, a new message needs to be added. In fact, the interfering eNB can mitigate the interference with other solutions, including reducing TX power, reducing loading and so on. Hence, an indication of DL interference instead of switch off request may be more suitable. In addition, an indication of DL interference can be added in Load indication as an IE, not a new message. 
Observation 3: A new message, i.e. “switch off request”, may be required in solution 3.
According to this solution, eNB B should estimate the interference for neighbor eNB before switching on a new carrier. In our understanding, eNB B can avoid sudden interference “jumps” based on the existing signal and enhanced Loading indication from solution 2, such as PRB usage, RNTP, ABS and measurement result of UE and so on. In addition, the information of users of eNB A can be expressed in PRB usage IE to an extent.
Observation 4: eNB B can avoid sudden interference jumps based on the existing signalling and enhanced Loading Indication from solution 2.
Proposal: The combination of solution 2 and solution 3 may be better.
Solution 4: Optimization of the operational carrier of pico eNB

Solution 5: Optimization of multi-frequency pico eNB

In the solution 4 and 5, the measurement of CQI plays an important part in estimating the interference level. However, CQI can only be used to predict the data channel, not for the control channel. This topic of operational carrier selection aims at mitigating the interference from neighbour cells, including control channel and data channel. As shown in the table 1, X2, RRC signalling, eNB behaviour and UE behaviour are all impacted in order to assist the measurement of CQI.
In solution 4, the aggressor eNB needs to blank a part of resource for the measurement of CQI degradation. In solution 5, the eNB needs to activate the carrier only for the measurement. It may result in the increase of complexity.
Observation 5: There are more impact on the specification and the behaviour of eNB and UE in the solution 4/5 compared to other solutions.
3 Summary
In this paper, an analysis of the candidate solutions has been carried out based on the evaluation criteria. The analysis revealed that these solutions still need to be enhanced. Such analysis led to the following observations and proposal:
Observation 1: Enhancement may be necessary to the existing mechanism (solution 1) for inter-cell interference coordination.
Observation 2: the ABS information needs to be further enhanced in the solution 2.

Observation 3: A new message, i.e. “switch off request”, may be required in solution 3.
Observation 4: the eNB B can avoid sudden interference jumps based on the existing signalling and enhanced Loading Indication from solution 2.
Observation 5: There are more impact on the specification and the behaviour of eNB and UE in the solution 4/5 compared to other solutions.
Proposal: The combination of solution 2 and solution 3 may be better.
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4.4.3
Discussion
4.4.3.1
Evaluation criteria
Table 4.4.3.1-1 lists the evaluation criteria used for comparing the different solution for the interference coordination in dense macro-pico deployments.
Table 4.4.3-1: Comparison criteria for interference coordination in dense macro-pico deployments
	Criteria
	Description

	Compatibility with legacy UEs
	Is the solution operable in case of legacy UEs?

	Synchronisation level
	Clarify the level of synchronisation required by each solution.

	X2 specification impact
	Support of eNB interworking.

	Impact on eNB
	Requirements relative to processing capacity, memory, configured information.

	Impact on OAM subsystem
	Requirements relative to signalling toward OAM

	Impact on UE
	Uu interface specification impact, implementation and performance impact, as foreseen by RAN3. The solutions shall rely on existing UE features in different releases, with focus on solutions with no physical layer impact.

	Effectiveness of the proposed enhancements
	Solution performance as estimated by RAN3. Effectiveness should explain what are the benefits of the proposed enhancements as compared to the existing methods.


4.4.3.2
Comparison matrix

Table 4.4.3.2-1 captures the evaluation of the solutions.

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
	Low
	No
	No
	No
	No
	Low/Medium

	Solution 2
	Yes
	Low
the same as solution 1
	Yes
Inter-eNB signaling is needed to exchange Load Indication message of all served cell.
	Yes
eNB needs to exchange the Load information of all served cell.
	No
	No
	Medium

	Solution 3
	Yes
	Low
the same as solution 1
	Yes
Several IE and message need to be added to assist the operational carrier selection
	Yes
eNB needs to exchange information of carrier indication, switch off request and switch on request.
	Yes
To provide information about the ICIC carrier for every eNB.
	No
	Medium/high

	Solution 4
	No
To report the RSSI
	Low/Medium
UE needs to measure the high power resource and no data resource, respectively.
	Yes
At least three messages need to be added for CQI.
	Yes
To implement the evaluation of CQI degradation and transmit the result to other eNB.
	No
	Yes
To measure CQI degradation and RSSI 
	Medium

	Solution 5
	No
To report the RSSI
	Low
The same as solution 1
	Yes
At least three messages need to be added for CQI.
	Yes
To implement the evaluation of CQI degradation and transmit the result to other eNB. To activate the carriers for measurement
	No
	Yes
To measure CQI degradation and RSSI
	Medium


-----------------------End of Changes----------------------






















































