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1 Introduction
The objectives of the “Carrier based HetNet ICIC for LTE” [1] work item are:
· Evaluate the performance benefits of having interference management on carrier resolution between different BTS nodes in the defined HetNet environments (3GPP TR 36.814). (RAN1 based on RAN3 requests)
· Study inter-node signaling needed for robust autonomous solutions, where each BTS node selects to use the carrier(s) that maximize the overall network performance (RAN3).

· 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.
· Focus on solutions which do not requiring tight synchronization between eNodeBs
This paper proposes to clarify the requirements for the work item and to determine the role of RAN1 the process, in light of the first objective. 
2 Discussion
2.1 Background
The first objective of the work item is:

· Evaluate the performance benefits of having interference management on carrier resolution between different BTS nodes in the defined HetNet environments (3GPP TR 36.814). (RAN1 based on RAN3 requests)

Interference management on carrier resolution

Interference management on carrier resolution means that in a multicarrier deployment, an eNB serves its UEs on a carrier or carriers such that interference between eNBs is minimized.
Defined HetNet environments (3GPP TR 36.814)

The heterogeneous network deployment scenarios from TR 36.814, are shown below:
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Heterogeneous network deployment scenario
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Note 1: Priorities are as follows:

1. Indoor HeNB clusters

2. Outdoor Hotzone cells with configuration #1 and #4 (in Table A.2.1.1.2-4
3. Indoor Hotzane scenstio (RAN4 femta or pico models could be used)

4. Other scenarios can be shudied with lower priority
MNote 2: Relay deployment scenario (3.2, 6.1) are studied sepasately.





Currently specified interference mitigation techniques
Release 8 ICIC is a frequency-based method with Resource Block (RB) resolution where an interfering eNB may provide another eNB with information about the RBs that the sending eNB will be utilizing for UE scheduling. The typical application is to allow adjacent cells that are sharing frequency resources to coordinate scheduling cell edge UEs. For the uplink, the UL HII bitmap is provided that indicates which uplink RBs will be will be a source of high interference from the sending eNB. For the downlink, the RNTP bitmap is provided that indicates relative power per RB, which the receiving eNB can use for traffic scheduling decisions. 
The eICIC method introduced in Release 10 is a time-based method with subframe resolution where an interfering eNB may configure some subframes to be “Almost Blank Subframes” (ABS), in which no traffic is scheduled and minimal control information is transmitted. The interfered eNB is notified about the ABSs and can use this information for receiving measurement information from its UEs and to make scheduling decisions.
TR 36.300 Annex K provides descriptions of a few scenarios where time-domain ICIC is useful. 
· When non-CSG member UEs cannot connect to a nearby CSG cell, the CSG cell may become a dominant source of interference for the non-CSG member UEs. The CSG cell may use ABSs to protect the non-CSG member UEs. 
· When pico cells utilize “Cell Range Expansion” (CRE) to increase traffic off-loading from a macro cell, the macro cell may become a dominant source of interference for the pico cell UEs. The macro cell may use ABSs to protect the pico cell UEs.
These solutions are scenarios where eNBs are tightly sharing resources. For carrier based ICIC, changes to the cells radio operation/configuration should be on a much slower timeframe. 

The second objective is:

· Study inter-node signaling needed for robust autonomous solutions, where each BTS node selects to use the carrier(s) that maximize the overall network performance (RAN3).

Robust, maximizing, autonomous?
This objective should be clarified, particularly since it applies to a work item rather than a study item. 
· “Autonomous” usually means that the applicable entity acts completely on their own. What does autonomous mean in this case? HeNBs are not ad hoc network nodes. They are connected to a licensed operator’s network  through whom they were certified and from which they can get configuration and policy information. 

· Over what period of time must the network performance become maximized? Must an eNB select the optimal carrier from the start? 

· How quickly must a carrier be selected? Do the requirements allow for a centralized solution, or must it be distributed. Is X2 level signaling required or even sufficient, or is OTA signaling required to meet the requirements?

· This objective only says to study this topic. There is no mention of choosing a solution and standardizing it.
2.2 The role of RAN1
The first two objectives from this work item are:
	· Evaluate the performance benefits of having interference management on carrier resolution between different BTS nodes in the defined HetNet environments (3GPP TR 36.814). (RAN1 based on RAN3 requests)

· Study inter-node signaling needed for robust autonomous solutions, where each BTS node selects to use the carrier(s) that maximize the overall network performance (RAN3).


What is the role of RAN1 for this work item? These two objectives could seem to be dependent on each other and imply that they should occur in sequence. The objectives would then be to determine the performance benefits of enhancing the capabilities for interference management on carrier resolution, determine a beneficial solution, and then design the protocol to support the solution. This was, for example, the process used for the eICIC work item as detailed in the Work Item Description document [2]. Proposals for carrier-based interference mitigation have been submitted to RAN1 many times. However, according to the RAN1 meeting summaries, most of these contributions were never treated and the proposals have not been discussed or evaluated. 
Some things to consider regarding RAN1 input:
· Carrier selection can be on a much slower time basis compared to co-channel resource selection. 
· How aggressive does the carrier-based ICIC mechanism need to be to meet performance objectives?

· HeNBs will be turned on and off at times but not often from the perspective of Radio Resource Management.
· Selecting a carrier is based on measurement information. RAN1 should determine the necessary information required for this. 
It’s not clear what the performance requirements are for the carrier-based ICIC work item and RAN1 should help to determine the requirements.  
3 Conclusion

In order to facilitate the effectual execution of this work item, the following proposals are made: 

· RAN3 should determine clear requirements for the work item. 
· RAN3 should plan from the beginning what the role of RAN1 will be in determining requirements and evaluating proposals submitted toward this work item.
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