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1 Introduction

At the RAN1 #60bis meeting, there has been a lot of technical contributions to address enhanced inter-cell interference coordination (ICIC) for non-carrier-aggregation-based heterogeneous networks. This contribution deals with enhancement of Rel-8/9 ICIC mechanisms considering relays.
2 Enhanced ICIC for relays
2.1 Signaling of backhaul subframe location

Type 1 relay node (RN) as a part of LTE-Advanced is an inband relay node that controls its own cells. For this type of relay nodes, the backhaul link (Un) and the access link (Uu) are time division multiplexed in a single carrier frequency (only one is active at any time) [1]. Some subframes are used for backhaul link (Un) and the other subframes are used for access link (Uu).
This time division multiplexing causes a variation of inter-cell interference patterns subframe-by-subframe as Fig. 2.1 shows. There can be four different inter-cell interference patterns in the example of Fig. 2.1 which has 2 relay nodes. Fig.2.1 (a) shows the inter-cell interference pattern of subframes which both RN 1 and RN 2 use for access link. The inter-cell interference patterns of subframes which are used for access link by only one RN are shown in Fig.2.1 (b) and (c). Fig.2.1 (d) shows that of subframes used for backhaul link by both RN1 and RN2.
Given the information of the locations of subframes which are used for backhaul link by neighboring relay nodes, eNB is aware of the inter-cell interference pattern for each subframe and can schedule RBs considering these patterns. For example, it is desirable that eNB should schedule users close to RN 2 at subframes of Fig 2.1 (b) or (d), because those users do not suffer from interference from RN 2 at these subframes. With the same reason as the previous case, users close to RN 1 need to be schedule at subframes that is used for backhaul link by RN 1.
Observation 1: Information of the location of backhaul subframes of neighboring RNs is useful for adaptive scheduling to the time-varying inter-cell interference patterns in systems with Type 1 relay nodes.

Observation 2: The relay node needs to inform the location of backhaul subframes to neighboring eNBs.
2.2 Two-dimensional ICIC
Rel-8/9 ICIC relies on exchange of ICIC parameters between eNBs which include relative narrowband Tx power (RNTP), high interference indicator (HII), and overload indicator (OI). In rel-8/9, these are frequency domain parameters. On receiving those parameters from neighboring eNBs, eNB analyzes inter-cell interference pattern, determines his own values of the ICIC parameters which provide a good system performance, and finally sends these values of the parameters to neighboring eNBs.
As shown in Fig.2.1, the inter-cell interference patterns varies subframe-by-subframe in systems with relay nodes. Accordingly, the optimal values of the ICIC parameters of a subframe can be different from those of other subframe. Current Rel-8/9 does not allow different subframes to have different values of the ICIC parameters. Those are semi-static. Considering relays, it is beneficial that different subframes can have different values of the ICIC parameters.
Proposal 1: we propose two-dimensional ICIC, that is, different subframes can have different values of the ICIC parameters.
3 Conclusions
We have investigated enhancement of Rel-8/9 ICIC considering relays. The followings are proposed:
Proposal 1: we propose two-dimensional ICIC, that is, different subframes can have different values of the ICIC parameters.
Proposal 2: the relay node needs to inform the location of backhaul subframes to neighboring eNBs
It is noted that proposal 2 is not necessary if proposal 1 is accepted.
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(a) subframe which is used for Uu by both RNs                    (b) subframe which is used for Uu and Un by RN 1 and RN2 respectively
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(c) subframe which is used for Uu and Un                         (d) subframe which is used for Un by both RNs       by RN 2 and RN 1 respectively
Fig.2.1. Inter-cell interference pattern
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