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Discussion
1 Introduction
Several carrier-based ICIC solutions proposals for downlink (DL) interference scenarios with macro and pico eNBs are now captured in [1], as well as the corresponding evaluation criteria for comparing the solutions. In this contribution we focus on providing input for evaluation of Solution 1 in coherence with the agreed criteria. In Section 2 we briefly summarize solution 1, followed by a more elaborate discussion of evaluation in Section 3. Concluding remarks are provided in Section 4.  
2 Recap of Solution 1
For the sake of easy referencing, we have included Solution 1 description below (copied from [1]):
Solution 1: Interference indication and loading for data and control channels for multi-carrier

In this solution an eNB informs neighbour eNBs about DL interference problems on carrier X, both in data and control regions, and exchanges the information about Pcell vs. SCell carrier loading. The neighbour eNB can use this information when deciding on the assignment of a UE PCell and SCell(s), to achieve resource protection: in reaction to high DL interference indication, eNBs may allocate users' PCells of UE to different carriers and reallocations may be limited to SCell reconfigurations. Upon receiving the indication of interference problems, the peer eNB may for example reduce the number of users using carrier X (e.g. by de-activating SCells on carrier X), or reduce the transmission power on carrier X, to mitigate interference in the data region, as well as may reduce its transmission power for the control channel region on carrier X (e.g. using cross-carrier scheduling for carrier X, such that PDCCH scheduling grants for carrier X are send from other carriers) , or scatter CCEs in more PDCCH symbols to mitigate interference in the control region. Knowing in addition the loading in terms of Pcell and Scell could help an eNB to decide on the assignment of a UE PCell and SCell(s), e.g. when neighbour cells mainly use carrier 1 for PCell, the eNB can select carrier 1 more for SCell of its users, which allows a quick deactivation.
The solution involves the following enhancements:
A.
Exchanges the information about Pcell vs. SCell carrier loading over X2

B.
Exchange interference indication for data channels over X2

C.
Exchange interference indication for control channels over X2
The indication about data interference problem on a given carrier could be a single binary message, but also could include higher level of granularity to indicate the criticality of the data channel interference problems. Moreover, if the peer eNB for some reasons is not able to take actions for reducing the interference on carrier X, it may inform the initiating eNB about the problem. The PCell/SCell carrier load may be implemented as an extension of the Resource Status Report Initiation and Resource Status Report procedures, e.g. in a form of number of users for whom the carrier is PCell or SCell.

DL control channel interference on a given carrier could be estimated based on existing mechanisms (no impact on the UE). For example, an eNB may consider a UE is suffering high DL interference in control channels in case it does not respond in large ratio as expected to control information, like scheduling grants. The controlling eNB can take this into account and exchange the information, if requested, with its neighbours to improve the PCell and SCell selection.
3 Evaluation of Solution 1 

The agreed evaluation criteria from [1] for the DL interference scenario solutions are summarized in Table I. In the following, we discuss our input to each of those criteria in the more details, followed by a summary of our input in Table II.
Table I: Summary of evaluation criteria from [1].
	Criteria
	Description

	Interference mitigation target
	Description of the targeted channel  for interference mitigation in each solution (DL Control Channel, DL Data Channel or both)

	Synchronization Level
	Synchronization level as evaluated by RAN3. 
Note: the WI should focus on solutions not requiring tight synchronization between eNBs.

	eNB impact
	The impact on eNB implementation should be evaluated. If any, the description of the impact could be added.

	X2  impact
	The X2 impact should be evaluated. If any, the description of the impact could be added.

	OAM  impact
	The OAM impact should be evaluated. If any, the description of the impact could be added.

	Other impacts
	Impacts not included above should be described here, if any.

	Compatibility
	Compatibility with legacy Rel-8/9/10 UEs. 
Note: the WI should focus on solutions with no physical layer impact that would work for both legacy Rel-8/9 UEs, as well as benefit from optimizations available for Rel-10/11 UEs supporting carrier aggregation. Thus the solutions shall rely on existing UE features in different Releases. Realistic assumptions for availability of UE measurements and power consumption to be used.

	Feasibility
	Candidate solutions should be easily implemented with existing technology and/or by means of realistic changes to the standards.

	Effectiveness
	The (potential) effectiveness and flexibility of candidate solutions in addressing the DL interference scenario in HetNet deployments via carrier-based ICIC shall be evaluated.

	Complexity
	Candidate solutions should not be too complex when implemented in practice, e.g. in terms of number of exchanged messages or frequency of appliance.


Interference mitigation target:
Both solutions 1a and 1b target at providing interference coordination benefits from DL data channels. However, solution 1a can also been seen as implicitly providing benefits from control channels in the sense that it facilitates coordinated PCell / SCell coordination between eNBs, which is a pre-requisite for later using cross-CC scheduling to alleviate downlink PDCCH inter-eNB interference problems – see more details also in [2]. Mainly because cross-CC scheduling can only be performed with PDCCH scheduling grant send on PCell for data resources on SCell.
Solution 1c clearly only provide benefits for control channels (e.g. PDCCH).
Synchronization level
Solutions 1a and 1b does not require any explicit time-synchronization between eNBs. 
Solution 1c requires time-synchronization between eNBs on subframe resolution in order to be able to efficiently benefit from the use of cross-CC scheduling to alleviate e.g. PDCCH inter-site interference problems. This is further illustrated in Figure-4.2.1-1 in [1], as well as in corresponding figure in the LTE-Advanced SI technical report, i.e. 3GPP TR 36.814.
eNB impact
Solution 1a requires the eNB to compute the equivalent PCell and SCell per carrier in order to be able to exchange such information over the X2 interference. As described in [2], calculation of PCell and SCell load per carrier is rather simple, and therefore considered to have minor impact on eNB complexity.

Solution 1b requires the eNB to monitor the downlink data channel quality for each carrier. This is possible via standard UE measurement reports / feedback as are anyway made available for the eNB for multiple purposes. If the eNB detect DL interference problems, can inform neighboring eNBs. The eNB impact from solution 1b is therefore also considered to be marginal.

Solution 1c requires the eNB to monitor the downlink control channel quality for each carrier. This is possible via standard UE reports / feedback as are anyway made available for the eNB for multiple purposes. If the eNB detect DL interference problems, can inform neighboring eNBs. The eNB impact from solution 1b is therefore also considered to be marginal. 
X2 impact
Solution 1 requires exchange of new information between eNBs. However, this information exchange can be embedded using existing X2 signalling procedures, so impact on the X2 specifications is rather modest. As an example, the exchange of PCell/SCell load can be included as new IE in the existing LOAD information.
OAM impact:
No impact on OAM.
Other impact:
Nothing to report.

Compatibility:
Solution 1 is fully compatible with the Work Item Description, i.e. it does not require changes to the physical layer, nor any changes to specifications for UEs.
Feasibility:
Solution 1 is considered feasible due to the following reasons: (i) It provide benefits, (ii) it has low impact on eNB and X2, (iii) no impact on UE.
Effectiveness:
Solution 1 provide an efficient, and low complexity, method for addressing downlink interference problems that may arise for environments with macro and pico eNBs using multiple carriers. Solution 1a can be described as a proactive mechanism, since collection of PCell/SCell load measurements from surround eNBs provide useful input to intelligently configure new users with PCell/SCell. Solution 1a can also been seen as an enabler for later using cross-CC scheduling to solve control channel interference problems. Solutions 1b and 1c are reactive mechanisms that are useful detecting and enabling further interference coordination actions to solve unfortunate data and control channel problems, respectively. See further details in [2].  
4 Summary 

Given our self-evaluation of Solution 1, we have summarized our input in the comparison matrix as reported below in Table II. We recommend that this is taken into account in the further updates of [1] as well for selecting proper Rel-11 carrier-based HetNet ICIC solutions for considered DL interference scenario.

Table II: DL Interference scenario: solution 1 evaluation summary

	Criteria
	Solution 1

	
	1-A
	1-B
	1-C

	Interference mitigation target
	DL Data Channel
	DL Data Channel
	DL Control Channel

	Synchronization Level
	No synchronization
	No synchronization
	Subframe level synchronization

	eNB impact
	Minor
	Minor
	Minor

	X2 impact
	Minor
	Minor
	Minor

	OAM impact
	No
	No
	No

	Other impacts
	No
	No
	No

	Compatibility
	Yes
	Yes
	Yes

	Feasibility
	Yes
	Yes
	Yes

	Effectiveness
	Proactive mechanism
	Reactive mechanism
	Reactive mechanism
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