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1 Introduction
In the received LS [1], the open issues related to the downlink interference in HetNet scenario, where cell-edge users in a pico cell may suffer dominant interference of macro cell, are raised. In this HetNet scenario, the carrier aggregation (CA) feature is applied and both CA-capable and CA-incapable UEs coexist in the network. Therefore, the inter-cell interference (ICI) issues might be solved independently through the implementation of eICIC or the so-called carrier based ICIC (CB-ICIC) method [1]. The detailed questions in the LS are reproduced as follows [2].
1) With respect to the user plane, information about transmit power for Physical Resource Blocks (PRBs) used for data channels is exchanged among eNBs. In this regard RAN3 has identified two options, the first consisting in enabling RNTP threshold negotiation between victim and aggressor eNBs and the second consisting in enabling the victim eNB to recommend a transmit power (or transmit power reduction) to the aggressor eNB. RAN 3 kindly asks RAN1 to evaluate the feasibility and the benefits of these enhancements compared with available solutions.

2) With respect to the control plane, RAN3 has discussed different mechanisms and kindly asks RAN1 whether a coordination of protected resources in the frequency domain between eNBs is beneficial for the problem above.

In this contribution, we will discuss the enhancements with CB-ICIC solutions for mitigating DL interference and provide our proposals.
2 Discussion
In this section, we will discuss the potential enhancements with CB-ICIC solutions in the context of DL data channel and control channels, respectively.
2.1 CB-ICIC for data channel
In order to mitigate the DL data channel interference, some enhancements utilizing CB-ICIC solutions are provided in the technical report [2].The candidate solutions are:
A.
The Relative Narrowband Transmit Power IE (RNTP) included in the Load Information message is used to exchange information about transmit power for Physical Resource Blocks (PRBs) used for data channels, in order to assist carrier selection for users strongly interfered by macro cell in HetNet deployments.

A-1)
No enhancement to current mechanisms

A-2)
Current RNTP reporting mechanisms is extended by enabling an eNB to indicate to another eNB the RNTP threshold it likes to receive a report about 

A-3)
Enable an eNB to send the recommended transmit power and/or expected power reduction to another eNB, to achieve protected resources

A-4)
Current RNTP reporting mechanisms is extended by enabling an eNB to indicate to another eNB to increase or decrease the used RNTP threshold

The abovementioned solutions are assumed to solve the data channel ICI issues with the frequency domain (FD) ICIC or downlink power (re)allocation by exploiting multi-carriers properties.
For A-1), the ICI issue is solved by performing traditional frequency selection scheduling and/or downlink power allocation, e.g., dynamic fractional frequency reuse (D-FFR), according to the received RNTP information from neighbor eNBs. While the other alternatives require some extensions on the existing mechanism, e.g.:
· A-2) suggests that victim cell provides the preferred RNTP threshold to aggressor cell, which implies a finer granularity in RNTP threshold is involved to facilitate the HetNet deployment;
· A-3) suggests that victim cell indicates the preferred transmission power to aggressor cell; and
· A-4) suggests that the victim cell requests aggressor cell to increase or decrease its RNTP threshold, which has the same purpose as A-2).
The commonality of the solutions above is that victim cell is allowed to suggest its acceptable transmission power on downlink (sub)bands to aggressor cell. Therefore, for supporting such solutions, the aggressor cell shall be able to adjust its downlink transmission power more adaptively, i.e. with smaller granularity and becoming more time-varying. Considering that cell coverage is highly dependent on downlink transmission power, the fluctuation of transmit power introduced by the adaptive ICI solutions may lead to cell breathing and thus resulting in potential issues such as mobility performance degradation, unbalancing load, etc. As typically only cell-edge UEs are more likely to encounter ICI problems than the cell-center UEs, it seems the gain of these options cannot be justified.
Observation 1: CB-ICIC with carrier selection based on extended RNTP would result in undesirable cell breathing.
On the other hand, the available solutions, such as time-domain ICIC (TD-ICIC) has been well studied in Rel-10 and Rel-11 for handling the ICI issues on both data and control channels in HetNet deployment. Therefore, the gain of the abovementioned enhanced FD-ICIC over the existing TD-ICIC scheme should be justified.
Thus, we propose that:

Proposal 1: Further study on the necessity of the enhancements with CB-ICIC solutions for mitigating the DL data channel interference is needed.

In general, the expected gain of the abovementioned solutions can only be achieved by exploiting more accurate interference information on frequency domain which is exchanged through X2 interface. However, such information may be very sensitive to various factors, such as the eNB’s location, carrier deployment, UEs’ location, traffic status, details of FD-ICIC algorithm, and so on. Hence, scenarios for performance evaluation should be determined in advance. 
Proposal 2: It is necessary to clarify the evaluation scenarios.
2.2 CB-ICIC for control channel
The solutions for DL control channel CB-ICIC are listed as follows [2]:
B.
 Information about the configuration of protected PDCCH carrier component(s) is exchanged among eNBs:

B-1)
Protected PDCCH carrier component(s) are chosen by eNB(s) and information is exchanged via X2 whenever the cross-carrier scheduling is enabled

B-2)
OAM provides protected PDCCH carrier component(s) preference list to each eNB, the eNB chooses PDCCH CC(s) in the provided list and exchanges the information with its cross-carrier scheduling partner through X2 whenever the cross-carrier scheduling is enabled

B-3)
The set for protected carrier component(s) is configured in the macro and signaled via the X2 interface to the pico. Whenever cross scheduling is used to convey scheduling information to user strongly interfered by macro cell, the pico configure UE Pcell from this protected set.

With the help of cross-carrier scheduling, the above solutions provide a framework for collaborative protection of PDCCH(s) on carrier component(s) between aggressor and victim cells. However, the existing methods might be sufficient. For example:
· Alt.1: Exchange of interference information of neighboring eNBs via X2 ICIC procedures. For instance, from the parameters of PDCCH Interference Impact in RNTP IE [3], the eNB may derive that which carrier component of neighbor eNB may be used for protected PDCCH, by for example assuming the protected PDCCH carrier might be assigned larger control format indicator (CFI).
· Alt.2: QAM provides the protected PDCCH carrier component(s) preference list to each eNB.
Moreover, from the perspective of RAN1, there are some existing features for reducing DL control channel interference in HetNet scenarios. For example:

· Alt.3: Rel-10 eICIC (TD-ICIC), which was designed also for mitigating DL control channel interference in HetNet scenarios.
· Alt.4: Rel-11 EPDCCH, which is well designed to enable the frequency domain ICIC for DL control channel.
Therefore, with the existing methods applied, the DL control channel interference is not a critical issue any more and the abovementioned CB-ICIC enhancements for mitigating DL control channel interference are not absolutely necessary. As a summary, from the perspective of RAN1, we think the existing mechanisms are sufficient for handling DL control channel interference issues.
Observation 2: The existing mechanisms are sufficient for reducing DL control channel interference.
Therefore, we propose that:
Proposal 3: Further enhancements with CB-ICIC solutions for mitigating DL control channel interference need to be justified.
3 Conclusion
In this contribution, we have analyzed the potential enhancements with the aid of CB-ICIC based solutions for mitigating the DL interference. We have the following observations:
Observation 1: CB-ICIC with carrier selection based on extended RNTP would result in undesirable cell breathing.
Observation 2: The existing mechanisms are sufficient for reducing DL control channel interference.
Based on above observations, we kindly suggest that RAN1 agree on the following proposals:
Proposal 1: Further study on the necessity of the enhancements with CB-ICIC solutions for mitigating the DL data channel interference is needed.
Proposal 2: It is necessary to clarify the evaluation scenarios.
Proposal 3: Further enhancements with CB-ICIC solutions for mitigating DL control channel interference need to be justified.
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