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1 Introduction

In the RAN1#61 meeting, it was agreed that enhanced macro-femto and femto-femto interference coordination techniques were needed for control channels [1]. For data channels, strong interference from a HeNB may affect a macro-UE, especially if the UE is located in the same building as a closed-subscriber group (CSG) HeNB. Thus, macro-femto ICIC techniques may also be useful for data channels. This contribution lists some candidate interference coordination techniques, which could be applied on the data channels.
2 Autonomous HeNB power setting
The level of interference produced by the HeNB on the downlink and uplink transmissions in a macro-cell depends on the HeNB position (as illustrated in Figure 1), more precisely on the path-loss between the macro-eNB and the HeNB. In downlink, this path-loss approximates the path-loss between the macro-eNB and macro-UEs in the HeNB neighbourhood. The higher this path-loss, the higher the HeNB impact on macro-UE performance. In uplink, this macro-eNB-to-HeNB path-loss approximates the path-loss between HeNB UEs (HUEs) and the macro-eNB. The higher this path-loss, the lower the HeNB UEs impact on the macro-eNB performance. 
An autonomous power setting algorithm based on the macro-eNB-to-HeNB path-loss can be implemented at HeNBs [2][3], using HeNB measurements of surrounding macro-eNBs through downlink receiver capabilities. The power setting formula, controlling the maximum HeNB/HUE transmit power, can be implementation specific or standardized, as suggested in [3].
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Figure 1: HeNB interference on macro-UEs.
3 Resource partitioning
However, enhanced techniques may be needed, especially for macro-UEs lying in the same building or in the coverage of a CSG HeNB, when the density of HeNBs increases [4]. Power setting would not be efficient or would require a Tx power reduction at the HeNB which would result in low HeNB data rates. Resource partitioning could solve this issue, partitioning time/frequency resources between the macro eNB and the HeNB [4]. In this section, we list several ways to use resource partitioning for macro-femto ICIC.
3.1 Reuse of Rel-8/9 ICIC

Rel-8/9 ICIC using RNTP, HII and OI messages [6] can be re-used. In Rel-8/9, these messages are carried by the X2 interface. Currently, there is no X2 interface between HeNBs and macro-eNBs. Thus, in order to perform Rel-8/9 ICIC between macro-eNBs and HeNBs, ICIC messages should be carried by the S1 interface or an X2 connection between HeNBs and macro-eNBs should be enabled.
A main issue with this approach is the high number of HeNBs, which would lead to many S1/X2 messages. By using Home Gateways (H-GWs), the number of messages can be reduced since, in the macro-eNB-to-H-GW X2 connection or in the S1 connection between the core network and the H-GW, all messages intended for the HeNBs under the H-GW can be concatenated [8]. However, the total overhead remains as high as in a structure without H-GW.
3.2 Grouping of HeNBs under the same home gateway
In order to reduce the message overhead, all HeNBs under a same H-GW can be considered as a single group of HeNBs with close locations, applying the same resource partitioning pattern (e.g., the same Tx power profile in the frequency domain, or the same silencing pattern in the time domain). Macro-eNBs can communicate with H-GW by sending Rel-8/9 ICIC messages using a H-GW virtual cell identifier (similar to the cell ECGI).
The H-GW is currently a S1 proxy [7]. Thus, Rel-8/9 ICIC messages should be conveyed on the S1 interface or H-GW should become a X2 proxy, which Rel-8/9 ICIC messages are sent to.
Thanks to the grouping, the backhaul overhead between the macro-eNB and the H-GW is reduced: A single ICIC message carrying the H-GW ECGI is sent, instead of many messages, each one carrying one HeNB ECGI, as shown in Figure 2.
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Figure 2: Reduction of the number of ICIC messages on backhaul when using grouping under a same H-GW.
If HeNBs under a H-GW have close locations, the grouping makes sense from an ICIC point-of-view for both uplink and downlink. Even if the applied ICIC strategy may not be the same for uplink and downlink, the average path-loss between the HeNBs under the H-GW and the macro-eNB is a relevant parameter for both links in this case. However, the geographical area covered by a H-GW is usually a wide area. All HeNBs under a macro-eNB coverage could belong to the same H-GW, which would not help for ICIC purpose. One solution could be to partition the set of HeNBs under a same H-GW into several groups. However, this partitioning should be made available at the macro-eNB.
Grouping of HeNBs under a same H-GW could simplify the ICIC procedure. However, UE measurements are still performed for each HeNB. There might be many measurements to be taken into account by the macro-eNB when the number of HeNBs under the same macro-eNB increases. Furthermore, the macro-eNB must know that a given HeNB is under a certain H-GW. It is not currently the case but could be enabled if the H-GW becomes a X2 proxy. Finally, for a very high number of HeNBs, several HeNBs under a same macro-eNB coverage may have the same physical cell ID (PCI). A PCI confusion arises and the global cell ID must be appended to the UE measurement report, which increases the UE measurement report overhead.
3.3 Grouping of HeNBs using a group PCI
The size of the geographical area covered by a H-GW makes the grouping of HeNBs under a same H-GW inefficient. In order to overcome this size issue but also to further simplify the macro-femto ICIC, the grouping of HeNBs can be done without considering H-GWs. Instead of being characterised by a H-GW, a group is characterised by a PCI (group-PCI). As illustrated in Figure 3, each HeNB of the group transmits, in addition to its signals used for data transmission, the synchronisation signals (PSC and SSC) and the CRS corresponding to the group PCI. A set of PCIs can be reserved for HeNB groups.
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Figure 3: Grouping of HeNBs using a group PCI.

UEs report RSRP measurements for the group-PCI and the macro-eNB identifies that the measurements correspond to a HeNB belonging to the HeNB group identified by the group-PCI. The macro-eNB can then perform ICIC with the group as a whole. 
If all HeNBs of the group are under a same H-GW, the same ICIC mechanism as in section 3.2 can be applied. The issue of PCI confusion is avoided, since measurements on PCIs which are not group-PCIs or macro-eNB PCIs can be neglected. However, the issues of identifying which H-GW a group-PCI corresponds to and having a large H-GW coverage area still remain.
If HeNBs are not under H-GWs, a new ICIC procedure can be defined, where the macro-eNB (or another coordinator as suggested in [2]) performs ICIC between itself (or macro-eNBs) and HeNB groups and possibly among HeNB groups. The macro-eNB can send a new message to each HeNB group, carrying the ICIC parameters (like a silencing pattern or a Tx power profile) the HeNB group must apply. Having a single message per group, here again, reduces the backhaul overhead between the macro-eNB and the core network. Alternatively, an ICIC message can be broadcasted to all HeNBs, carrying ICIC parameters for each group-PCI. It is similar to the interference management based on mapping between PCIs and transmission patterns suggested in [2] (all PCIs of HeNBs in a same group are associated with the same pattern defined in the broadcasted message). Thanks to this broadcasted message, every HeNB knows the ICIC parameters applied by its neighbouring HeNBs, even if they do not belong to the same group, and can take advantage of this information to properly schedule its own UEs.

The main issue of this method is the impact on UE measurements and HeNB performance due to the superposition of the group PSC/SSC/CRS with HeNB-specific signals. An appropriate choice of a few group-PCIs resulting in PSC/SSC/CRS having good orthogonality properties with other PSC/SSC/CRS might mitigate this issue. This ICIC method also requires more standardization effort.
4 Summary

According to the discussion above, we suggest to further discuss the following extensions of the Rel-8/9 ICIC procedure:
· Enabling of Rel-8/9 ICIC on S1 or enabling X2 connection for HeNBs

· ICIC through HeNB grouping
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