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1 Introduction
Several carrier-based ICIC solutions relying on operational carrier selection (OCS) to address interference coordination in dense macro-pico deployments 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 3 in coherence with the agreed criteria. In Section 2 we briefly summarize solution 3, followed by a more elaborate discussion of evaluation in Section 3.Furthermore, we provide comment on evaluation of solutions 1-2 and 4-5 in Section 4. Concluding remarks are provided in Section 5 where we present input to the comparison matrix. 
2 Recap of Solution 3
For the sake of easy referencing, we have included Solution 3 description below (copied from [1]):
Solution 3: Coordinated carrier switching based on interference information
In order to mitigate DL interference on control channels, separation of resources is needed based on interference information. Also, the operator must be able to lock resources that shall not be subject of carrier switching. Therefore the solution consists of following new mechanisms (or enhancements to existing mechanisms):

-
OAM configuration of carriers per eNB: an eNB is allocated carriers per its cells with information which of them may be subject of carrier switching for interference mitigation purposes. 

-
Exchange of carrier information between eNBs: an eNB, when setting up an X2 interface, or updating its configuration, may inform its neighbour which carriers may be switched to mitigate DL interference.

-
Coordination of carrier switch-off: if users of an eNB suffer high interference, including control channels, on a carrier that a neighbour may switch off, the eNB may inform the neighbour about this situation in a form of switch off request.

-
Coordination of carrier switch-on: in order to avoid causing sudden interference “jumps” when a cell/carrier is switched on, eNBs must be able to coordinate the process. This can be achieved either with exchange of interference information (eNB A informs eNB B how eNB B interferes users of eNB A – with this eNB B can estimate if it may switch on a carrier) or with switch on request (following the example above, eNB B informs eNB A a carrier is about to be swiched on and eNB A may prepare or request delay of switch on).

3 Evaluation of Solution 3 

The evaluation criteria from [1] for OCS (interference coordination in dense macro-pico deployments) 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 (comparison matrix).
Table I: Summary of evaluation criteria from [1].
	 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.


Compatibility with legacy UEs:
Fully compatible with legacy UEs.
Synchronization level:
Does not require inter-eNB synchronization.
X2 specification impact:
The proposed solution require new information exchange between eNBs. As mentioned in Section 2, eNB B informs eNB A a carrier is about to be switched on and eNB A replies if acceptable from interference point of view. The new inter-eNB information exchange can be included in specifications by adding new IEs to existing procedures, and thus are relative simple to have included in Rel-11 specifications. We therefore evaluate the X2 specification impact to be low.
Impact on eNB:
Solution 3 does not have specification impact on eNBs. Processing adds little burden to eNB implementation: collecting statistics on interference and processing responses to carrier switch-on requests.
Impact on OAM subsystem:
As mentioned in Section 2:
-
OAM configuration of carriers per eNB: an eNB is allocated carriers per its cells with information which of them may be subject of carrier switching for interference mitigation purposes. 

Thus, as compared to today’s solutions, OAM shall indicate which carrier(s) an eNB are allowed to switch off for interference mitigation purposes (i.e. needed so operators are in full control of whether eNBs are allowed to switch on/off carriers). We evaluate this to have low OAM impact, as the OAM already include functionality to configure eNBs with operational carriers.
Note that Solution 3 essentially offers distributed OCS functionality, and therefore does not add computational burden on the OAM to perform additional monitoring and actions.
Impact on UE:
Solution 3 has no impact on UEs.
Effectiveness of the proposed enhancements:
As discussed in [2]-[5], the OCS solution #3 offers attractive performance benefits from allowing interference coordination on a carrier resolution without requiring inter-eNB time-synchronization. By conducting the interference management on a carrier solution, full interference protection of both control and data channels can be achieved for all UE categories. OCS (solution 3) is only relevant for operators with multiple LTE carriers. At least two available LTE carriers are needed for CB-ICIC, while most likely three carriers would be required to have exploited close to the full CB-ICIC performance benefits. Thus, OCS is mainly attractive when operators start to deploy LTE on larger bandwidths (either in same or different bands). The former is also the case for Rel-10/11 CA, i.e. CA is relevant only for cases where operators start to deploy LTE on multiple carriers. Thus, we can consider OCS solution 3 as an enabler for easier eNB installation for multi-carrier scenarios, as requirements for detailed radio network planning can be relaxed, since OCS solution 3 offers distributed self-adjustment mechanism for carrier usage (for carriers that OAM allow eNBs to switch on/off for interference coordination purposes) .  

In summary, the effectiveness and benefits offered by OCS solution 3 are:

-
Offers resource partitioning between base station nodes on carrier resolution.

-
Work for networks without time synchronization.

-
Works for all UE categories. Does not require new UE support.

-
Can be standardized with only minor updates of X2 specifications, i.e. without impact on physical layer, no additional eNB-2-UE signaling.

-
Enabler for easier eNB installation, as requirements for detailed radio network planning can be relaxed as OCS solution 3 offers distributed self-adjustment mechanism for carrier usage.
4 Other solutions

Compatibility with legacy UEs:

All solutions are compatible with legacy UEs.
Synchronization level:
Most interference information exchanged in LOAD INFORMATION require subframe synchronization between the peer eNBs. Therefore, existing mechanisms proposed in solutions 1 and 2 may require synchronization.

Performance assessment mechanisms based on trial transmissions from eNBs, as proposed in solutions 4 and 5, may require some synchronization, too. However, since duration of the probing is long, synchronization requirements may be weak. However, notice that long probing intervals means causing unnecessary interference for longer time, i.e. equivalent to performance degradation.
X2 specification impact:
Solution 1 has no impact on specifications and solution 2 very limited impact.

Solutions 4 and 5 assume exchange of performance probing results, therefore the impact is comparable to solution 3. Actually, in this respect, solutions 3-5 are fairly similar, as aggressor eNB first request feedback from vicitim eNB before deciding to potentially switch on a carrier. The victim eNB responses with “interference cost” that enables the aggressor eNB to make clever choice on whether carrier can be switched on without causing severe problems for neighboring eNBs.
Impact on eNB:
Solutions 1 and 2 require eNB to use existing mechanisms for new purposes. That means implementation must reshape existing mechanisms, while maintaining compatibility with objectives those mechanisms were designed originally for. Impact on eNB may therefore be problematic, though no new formal requirements are proposed.

Solutions 4 and 5 require an eNB to transmit signals for performance evaluation and to monitor others’ signals. Depending on the details, this may pose new requirements for eNBs.

Impact on OAM subsystem:
Solution 1 corresponds to a centralized OCS scheme, where additional computational burden is enforced on the OAM. Quoting the following text from Solution 1:

· “…the OAM system can monitor the whole macro neighbourhood, it can acquire a better understanding of the carrier reuse and interference on a given carrier frequency in the whole neighbourhood. The OAM could activate/deactivate carriers in Pico eNBs depending on the particular network conditions.”
This text confirms that Solution 1 calls for additional OAM monitoring/computations. Thus, the OAM impact could potentially be significant for high capacity network roll-outs with densely deployed macros with many picos. The former is mainly from complexity point view, and may therefore not call for additional specification effort.
OAM impact of solution 2 is similar as in case of solution 3: OAM must configure carrier switching limits. However, since the mechanisms do not offer coordination of carrier switching on, OAM may need to be involved here.

Solutions 4 and 5 may require OAM to configure the performance probing transmissions, like e.g. duration.

Impact on UE:
Other solutions do not seem to have any impact on the UEs.

Effectiveness of the proposed enhancements:
Solutions 1 and 2 offer rudimentary method to handle carrier switching, but their effectiveness may be limited: no existing mechanism offer information on DL control channel interference or a mechanism to inform a neighbor about planned switching on a cell (and the neighbor has no way to inform about the expected impact). If that is substituted with OAM, responsiveness of the method will suffer. Therefore, the carrier selection based on existing mechanisms may be severely handicapped as interference coupling between eNBs is not taken into account in the decision process.

Furthermore, solution 1 seems to rely on centralized OAM based solution. Centralized solutions are less scalable than distributed solutions, and therefore also less attractive for HetNet scenarios that are anticipated to be subject to more or less continuous network extension by adding more cells, etc.
Solutions 4 and 5 are probably the most effective of all: they offer the same level of distributed coordination as solution 3, but additionally propose methods to assess interference impact of carrier switching based on probing transmissions. However, here it is worth mentioning that solution 3 also relies on measurement / information feedback from victim eNB before aggressor eNB decides to potentially switch on a carrier. For solution 3 the victim eNB just perform measurement on signals already transmitted by the aggressor eNB, and therefore does not require transmission of new probing signals.
5 Summary 

Given our self-evaluation of Solution 3 and other proposals, 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 the OCS scheme to address interference coordination in dense macro-pico deployments.

Table II: Comparison matrix 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

	Solutions 1-2
	Yes
	May be required
(LI normally requires subframe synch)
	None
	Medium
(re-using existing mechanisms)
	Medium
(if OCS is based on OAM, centrallised processing is burdensome)
	No
	Low

	Solution 3
	Yes
	Not required
	Low
(carrier switch on assessment, eNB configuration)
	Low
(statistics collecting and new signalling)
	Low
(configuration and supervision)
	No
	High

	Solutions 4-5
	Yes
	May be required
(depending on the config of the probing transmission)
	Low
(carrier switch on assessment, eNB configuration)
	Medium
(handling probing transmissions, collecting statistics and signalling)
	Medium
(configuration and supervision, including the probing transmissions)
	No
	High


Based on the discussion hitherto, it can be seen that solutions 1-2 propose none or minor changes to the specification to address the problem, while assuming significant changes in the implementation of eNB and OAM (reusal of existing procedures for new purposes and centrallised control). Solutions 3-5 on the other hand, propose distributed approach with inter-eNB signaling. The difference between solutions 3 and 4-5 is mainly in the probing transmissions. It is therefore proposed to discuss if the implementation impact on eNB/OAM proposed in solutions 1 and 2 and if it is not acceptable, the approach proposed in solutions 3-5 should be considered.
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