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1
Introduction
RAN3 agreed during the last meeting a phased approach for the "Carrier based HetNet ICIC for LTE" work item [1]. This paper identifies use-cases potentially to be handled in the scope of this work item, proposes priorities. Performance evaluations possibly to be done by RAN1 are also discussed and a proposal is made.
2
Discussion
The detailed objectives of the work item description [1] relevant for the evaluation phase 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) 

· 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. ...
· Focus on solutions which do not require tight synchronization between eNodeBs

The justification part of the work item description indicates that benefits of ICIC optimisation for carrier aggregation need to be evaluated before normative work is done:  "Combining such techniques with the carrier aggregation mechanisms available in Rel-10 could offer further optimizations."
Relevance of use-cases was also discussed during RAN3#72 based on contributions from several companies, e.g. [2] and [3].
In this contribution we would like in a first step to clarify the term "interference management on carrier resolution" used in the present work item. We see the following possible interpretations:

· Interpretation 1: Choice of carrier(s), identified by EARFCN and channel bandwidth, to be switched on by the individual pico eNB or HeNB. This choice has several aspects. One aspect is whether to choose co-channel operation (with the macro eNB assuring the coverage or with other pico cells in a cluster), or operation on dedicated channel. Another aspect is linked to radio propagation characteristics of each of the available carriers. The available carriers may also have different characteristics with relation to generated (outgoing) inter-band interference and suffered (incoming) inter-band interference, which could also represent a criterion for carrier selection within each sector.  
· Interpretation 2: Apply Rel-8/10 ICIC techniques on carrier resolution. E.g. for the DL coordinated control of transmission power on the entire carrier. This could be linked to traffic load distribution between carriers.  In order to evaluate the performance limits of such techniques, evaluation of the generated co-channel interference from a switched-on carrier without any allocated traffic may need evaluation. 
· Interpretation 3: Automatic component carrier selection / cross carrier scheduling - i.e. dynamic selection of carriers to be scheduled for UEs supporting carrier aggregation.

These interpretations are not mutually exclusive. However, in order to avoid overlap between the present work item and other ICIC or CA related work items in Rel-11, we prefer to focus work within the present work item to interpretations 1 and 2.
Proposal 1: Work within the present work item mainly to focus on interpretations 1 and 2. ICIC optimisation for carrier aggregation (interpretation 3) requires further evaluation.
Furthermore we identify three main high-level scenarios for interference management on carrier resolution:

1. Planned deployment of a new pico eNB in a HetNet. This is in current standard handled by centralised radio planning / O&M. Several sub-cases of this scenario exists: 

a. The new pico cell is situated in a zone with a single interfering macro cell.
b. The new pico cell is situated in a zone with multiple interfering macro cells.

c. The new pico cell is part of a cluster, i.e. it is interfered by macro cell(s) and other pico cells.
2. Unplanned deployment of a new HeNB. This is in current standard handled by O&M, potentially with inputs from centralised radio planning tool taking into account unplanned deployment of femto cells.

3. Change of traffic distribution within the network. Current standard doesn't provide any support (O&M or other) for interference management on carrier resolution for this use-case. A performance evaluation of interference management on carrier resolution (according to interpretation 1 and 2) would therefore be required in the evaluation phase of the work item.
We believe all three high-level scenarios, including sub-cases for scenario 1, are, at current stage, relevant for the Rel-11 work.
Proposal 2: All three high-level scenarios described above, including sub-cases for scenario 1 are considered as relevant for the Rel-11 work.

Based on the above we identify the following potential use-cases:

	UC
	Use-case
	Algorithm granularity
	Comment
	Proposal

	
	
	Per (H)eNB
	Per UE
	
	

	UC#1
	Selection of carriers to switch on at pico eNB setup (macro-pico)
	x
	
	Policy for selection of carrier(s) to switch on may be e.g.:

- preference for macro-pico co-channel operation (this strategy may concern some or all of available carriers)

- preference for operation on dedicated channels (this strategy may concern some or all of available carriers)


	Further elaborate this use-case within RAN3, detailed on sub-cases described above (single/multiple interfering macro eNB, isolated pico cell or cluster of pico cells).

	UC#2
	Modified traffic conditions – automatic carrier selection (macro-pico)
	x
	
	The adequate carrier selection policy may depend on the traffic situation, and may therefore need to be dynamically adapted. A possible solution is carrier switch-on or switch-off. Another solution could be to differntiate the load between carriers, e.g. leave some carriers with lowest possible load, or make carrier selection dependent on QCI. Both solutions would need an autonomous solution in the network without O&M intervention.
	Request RAN1 performance evaluation (cf. section 3 below).

	UC#3
	Modified traffic conditions – automatic component carrier selection (macro-pico)
	
	x
	For Rel-10 UEs supporting carrier aggregation.
	Benefit would need evaluation.

	UC#4
	Selection of carriers to switch on at HeNB setup (macro-femto)
	x
	
	Cf. UC#1, with the difference that only a single carrier is supported by the eNB in current specification.
	Further elaborate this use-case within RAN3. Sub-cases for HeNB deployment are: single/multiple interfering macro eNB, isolated (residential / small office) deployment, clustered  deployment (enterprise), outdoor deployment (enterprise).

	UC#5
	Change of carrier during HeNB operation due to modified traffic conditions (macro-femto)
	x
	
	Change of carrier in the HeNB could only be done when there's no active UEs served by the HeNB.
	Proposed not to be handled within this work item.


Table 1. List of identified use-cases.
Due to the HeNB in current standard supports a single carrier only, we did not include use-cases linked to multi-carrier operation in Table 1.
3
Performance evaluations
As described in the detailed objectives of the work item description copied above, RAN3 may base its work on performance evaluations to be done by RAN1. By looking further at the prioritised use-cases within Table 1 (i.e. UC#1, UC#2 and UC#4), we observe that UC#1 and UC#4 is already supported by O&M in current standard. Work in Rel-11 would therefore probably be related to the definition of autonomous or signalling based solutions for such functionality. The benefit of the automatisation of existing functionality (SON) is not within the field of expertise of RAN1, who could therefore not provide guidance to RAN3 on these use-cases.

The situation is in our view different for UC#2, which describes a new functionality where the carrier selection, or usage of carriers, is not determined only by static criterias like radio propagation and interference, but adapted as a function of fluctuating traffic conditions. However, during the work items evaluation phase, the benefit of such new functionality needs in our view to be confirmed by RAN1 performance evaluations. 
Proposal 3: Further discuss possible performance evaluations to be done by RAN1 linked to the use of fluctuating traffic conditions as additional criterion for carrier selection / usage.

4
Conclusion
We have identified use-cases potentially to be handled within the "Carrier based HetNet ICIC for LTE" work item, and provided a proposal for prioritisation. 
Proposal 1: Work within the present work item mainly to focus on interpretations 1 and 2. ICIC optimisation for carrier aggregation (interpretation 3) requires further evaluation.

Proposal 2: All three high-level scenarios described above, including sub-cases for scenario 1 are considered as relevant for the Rel-11 work.

In our view the use of fluctuating traffic conditions as additional criterion for carrier selection / usage would need RAN1 performance evaluations to be done during the work item evaluation phase.
Proposal 3: Further discuss possible performance evaluations to be done by RAN1 linked to the use of fluctuating traffic conditions as additional criterion for carrier selection / usage.
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