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1. Introduction

RAN1 have received LS from RAN3 on operational carrier selection (OCS) under the Rel-11 work item on carrier-based ICIC (CB-ICIC) [1]. RAN3 have also provided fairly detailed technical descriptions, summarizing agreed use cases for Rel-11 CB-ICIC, as well as the considered solution candidates and comparison metrics [2].
RAN3 asks RAN1 to evaluate the following:

1) Can the solution above provide any benefits in terms of interference mitigation over existing features? 

2) Can an eNB estimate correctly the interference impact on neighbour eNBs due to activation/deactivation of a new carrier?

3) How beneficial would be to use the victim eNB’s estimate of the interference impact of a carrier to be activated for operation?

Note that according to the information provided by RAN3 in [1]-[2], as well as in the Rel-11 CB-ICIC work item description, the required standardization for the considered CB-ICIC solutions are limited to enhancements of inter-eNB X2 signalling, and does therefore not require updates to specifications under RAN1’s responsibility.
In Sections 2-4, we provide more input to the three questions received from RAN3. Based on those considerations, Section 5 concludes the contribution by proposing a reply to RAN3.

We recognize that according to latest RAN plenary, RAN3 LSs from the Carrier-based ICIC WI will first be addressed at RAN1#71. Thus, the purpose of this contribution is just to start preparing possible replies to RAN3, and to raise awareness that no detailed work is required by RAN1 to address the questions from RAN3 on CB-ICIC.
2. Benefits and relevance of OCS over existing solutions
From [1] (with more details in [2]), the following text captures the main ideas of operation carrier selection (OCS):

“RAN3 has discussed solutions for operational carrier selection (OCS) by a pico which is located within a macro cell coverage (DL CB-ICIC in case of frequency reuse in dense macro-pico heterogeneous deployment). The scenario envisaged is where the pico is able to dynamically (e.g. minutes, hours) activate/deactivate a carrier so that the interference on the neighbour cells is acceptable. When discussing the problem, RAN3 considered an option that an eNB which is about to activate a carrier bases such decision on the feedback received via X2 from cells potentially affected by the activation. The feedback can be based, e.g., on measurements collected from served UEs by the potential victim eNBs as described in the section 4.4.2 in the attached TR.”
The OCS scheme provides an additional mechanism to perform interference management between eNBs in a HetNet environment on a carrier resolution. Several studies in RAN1 have already confirmed benefits of resource partitioning between eNBs, so it makes good sense to also explore the carrier dimension for this purpose. One advantage of performing resource partitioning in the carrier-domain is that it offers protection for both data and control channels. Given the information in [1]-[2], as well as in the Rel-11 CB-ICIC work item description, it appears that the proposed enhancements does not require any RAN1 specification support, only enhancements for the inter-eNB X2 signalling. Hence, from RAN1 point of view, we recommend that RAN3 continues the Rel-11 standardization work of the considered OCS solution. Having a standardized solution for coordinated resource partitioning in the frequency domain on carrier resolution is considered useful.
As further background information, the relevance of Rel-11 CB-ICIC and OCS can be summarized as:

· CB-ICIC offers resource partitioning between base station nodes on carrier resolution.

· CB-ICIC can work also for networks without strict time synchronization.

· CB-ICIC works for all UE categories. Does not require new UE support.

· CB-ICIC can be used as a technique for inter-eNB coordinated optimization of CA usage.

· CB-ICIC can be standardized with only minor updates of X2 specifications, i.e. without impact on physical layer, no additional eNB-2-UE signaling.
Figure 1 below further illustrates how CB-ICIC with OCS nicely supplements existing Rel-8 ICIC and Rel-10/11 eICIC solutions – see also more details and justification for OCS in [3].
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Figure 1: Overview of main characteristics of LTE ICIC features in different 3GPP releases.

3. Estimation of interference impact
As high-lighted in [1], and in several of the listed OCS candidate solutions in [2], coordinated OCS shall take into account the generated interference to neighbouring eNBs before a carrier is activated. This is a key element of coordinated interference management. As discussed in several of the candidate solutions in [2], this could be realized by the following means:
1) Before eNB A switch on carrier, it shall request feedback from neighboring eNB(s) that current use the same carrier (say eNB B).
2) eNB B responds with interference cost estimate of eNB A switching on particular carrier. Interference cost may be enumerated as for instance {high, medium, low}
3) eNB B can estimate the interference cost based on e.g. existing UE & eNB measurements.
4) Based on received interference cost, eNB A decides if carrier can be safely switched on (i.e. is low, carrier can be switched; if medium only switch on if critical; if high avoid carrier switch on). 
Assuming that eNB A already have transmission on some carrier(s), eNB B can collect measurements performed on such transmission to estimate the interference cost. Examples of latter include:
· eNB B can collect RRM measurements (e.g. RSRP and RSRQ) from its connected UEs performed on the transmitted signal from eNB A. Such measurements give a reasonable estimate of the effect of interference generated from eNB A towards users served by eNB B. Further examples and performance results where such measurements are used for CB-ICIC / OCS are presented in [4]-[7].
· Secondly, if network listed mode (NLM) is supported eNB B, it can perform measurements on transmitted signals from eNB A, and use this to estimate interference cost.

· Note as expressed in [2] and the Rel-11 CB-ICIC work item description, the former can be based on existing measurements, and therefore no need for standardization of new physical layer measurements.

In cases where eNB A have no carriers active, there is obviously no signals from eNB A that eNB can use for measurements. However, such cases are not considered typical, as eNB’s are in general assumed to have at least one carrier enabled unless disabled for energy saving purposes. For such special cases, it is proposed in [2] that eNB A could transmit a so-called probing signal. According [2], the probing signal is not a new physical layer signal, but simply referring to eNB A transmission of for instance CRS and PBCH/PSS/SSS, such that eNB B e.g. can request its users to report RRM measurements from eNB A. Thus, also this solution does not require any RAN1 standardization effort, and have no influence on specifications under the responsibility of RAN1.
We therefore propose the following answer to question #2 in [1]:

· Question #2: Can an eNB estimate correctly the interference impact on neighbour eNBs due to activation/deactivation of a new carrier?
· Proposed Answer: The outlined solutions candidates in [2] where existing physical layer measurements are used to estimate interference impact from eNB A to eNB B are considered feasible. Based on e.g. existing UE measurements, the interference impact from eNB A to eNB B can be roughly estimated such that carrier activation on eNB A that would cause intolerable interference for eNB B can be avoided.
4. Benefits of having victim eNB’s feedback

The core idea of CB-ICIC and OCS is to have coordination between eNBs to be able to manage inter-eNB interference in a constructive manner to maximize the joint network performance. This is needed in order to avoid so-called greedy eNBs causing a lot of intolerable interference for neighbouring eNBs resulting in overall network performance loss and lower end-user experience, as compared to cases where interference is coordinated.

It is therefore considered to useful to have X2 signalling in defined, such that eNB A (aggressor node) can first requested feedback from neighbouring victim eNBs before activating new carriers. As shortly outlined in the previous section and in [2], such interference cost feedback from potential victim eNBs is a key component of the CB-ICIC / OCS concept to ensure that carriers are not switched on that would otherwise cause undesirable performance degradation due to unfavourable interference conditions.
We therefore propose the following answer to question #2 in [1]:

· Question #3: How beneficial would be to use the victim eNB’s estimate of the interference impact of a carrier to be activated for operation?
· Proposed Answer: Once an eNB switch on a new carrier it will start to cause interference to neighbouring eNBs using the same carrier. It is therefore considered useful to first have feedback from neighbouring victim eNBs on the interference impact from such carrier activation. Such feedback is essentially information for an eNB to decide if carrier activation can be performed without causing intolerable interference, and therefore a simple mean to include inter-eNB interference coordination in Rel-11 specifications. 
5. Concluding remarks

Based on the presented evaluation in this contribution, we conclude the following and suggest having it communicated to RAN3 as reply to the received LS in [1]:
RAN1 acknowledge the Rel-11 work on CB-ICIC and OCS as described in [2]. Having support for coordinated HetNet interference management in the carrier domain is considered as useful techniques that supplements existing Rel-8 ICIC and Rel-10/11 (F)eICIC solutions. Based on the provided material from RAN3 [1]-[2], it is RAN1’s understanding that no additional standardization effort is required by RAN1 for completion of the proposed Rel-11 CB-ICIC solutions for OCS. RAN1 therefore recommends that RAN3 continues the work on CB-ICIC to have standardized the corresponding X2 signaling.
More detailed answers to the three received questions from RAN3 are summarized below:

1) Can the solution above provide any benefits in terms of interference mitigation over existing features? 
Answer: According to the description in [2], the considered Rel-11 CB-ICIC OCS solution offers coordinated HetNet interference management on a carrier solution. OCS should therefore be able to provide interference management benefits for both control and data channels without any additional terminal support, nor without strict requirements on inter-eNB time-synchronization. The proposed Rel-11 CB-ICIC solution with OCS is therefore considered to be a useful candidate solution for operators with multiple available LTE carriers. 
2) Can an eNB estimate correctly the interference impact on neighbour eNBs due to activation/deactivation of a new carrier?

Answer: The outlined solution candidates in [2], where existing physical layer measurements are used to estimate interference impact from eNB A to eNB B, are considered feasible. Based on e.g. existing UE measurements, the interference impact from eNB A to eNB B can be roughly estimated by eNB B and feedback to eNB A, such that carrier activation on eNB A that would cause intolerable interference for eNB B can be avoided.
3) How beneficial would be to use the victim eNB’s estimate of the interference impact of a carrier to be activated for operation?

Answer: Once an eNB switch on a new carrier it will start to cause interference to neighbouring eNBs using the same carrier. It is therefore considered useful to first have feedback from neighbouring victim eNBs on the interference impact from such carrier activation. Such feedback is essentially information for an eNB to decide if carrier activation can be performed without causing intolerable interference, and therefore a simple mean to include inter-eNB carrier-based interference coordination in Rel-11 specifications.
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