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1. Introduction

One of the objectives in the Rel-12 SI on small cell enhancements is the following:

· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 

· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.
In this contribution we provide our input to this objective. The contribution is organized as follows: In Section 2 we summarize the available interference management techniques, as well as those under development in other approved Rel-12 WI. The reason for summarizing those known techniques is that we recommend that those are taking as baseline solutions. In Section 3 we present way forward for the small cell interference management studies, followed by concluding remarks in Section 4. 
2. Available interference management techniques
Fig. 1 summarizes the currently interference management techniques, as well as the carrier-based inter-cell interference coordination (CB-ICIC) schemes under standardization in a separate Rel-12 WI. Rel-8 ICIC is an intra carrier frequency domain solution that works on a PRB resolution. However, the dis-advantage of the Rel-8 ICIC solution is that it only is applicable for data channels, while not being applicable for control channels such as e.g. PBCH, PSS, SSS, PDCCH, etc.

Enhanced ICIC (eICIC) was introduced in Rel-10/11. eICIC is downlink time-domain interference coordination solution that requires time-synchronization between the involved cells. In order to harvest the full gain from eICIC, explicit UE support is required for configuration of RRM/RLM/CSI measurement restrictions and advanced receivers (e.g. CRS interference cancellation).

During Rel-11 time-frame, a WI on CB-ICIC was started. The CB-ICIC WI has now been postponed till Rel-12, and therefore should also be considered as one of the “known techniques” before proposing new small cell interference management solutions. Here it is especially worth noting that one of the CB-ICIC techniques identified by RAN3 is Operational Carrier Selection (OCS) [1]. OCS is basically a solution where interference coordination between cells is conducted on a carrier resolution by selecting different carriers for nearby cells that would otherwise cause too much mutual interference; see further motivation for OCS in [2]. The idea of OCS is that if a certain eNB needs more capacity due to high offered traffic, then it enables an additional carrier, provided that this is possible without causing too high interference to neighboring eNBs that are using same carrier. The OCS concept is therefore adapting the carrier selection be eNB based both the offered traffic conditions, subject to controlling the interference between eNBs. Thus, the following text in the Rel-12 SI on Small Cells 
Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells. 

is effectively fully equivalent to OCS as defined by RAN3 as part of the CB-ICIC WI. OCS solutions have been shown to provide significant downlink performance gains if applied for dense small cell deployments [3]-[11]. This includes findings from simulations, but also from a proof of concept test-bed developed by the European Union funded SAMURAI project [11]. The RAN3 work on OCS for CB-ICIC shall therefore be taking into account for further development of small cell interference management solutions. As a final remark, note that OCS alike schemes were also studied in the past by RAN1 during the LTE-Advanced SI phase; among others, see [12].
In addition to the OCS solution, the CB-ICIC work in RAN3 also identified two other use cases [1]:

· Downlink interference management for macro+pico scenarios: Used for optimizing carrier aggregation operation if macro and pico are using two carriers. Does e.g. include techniques for coordinating cross-CC scheduling between macro and pico to avoid PDCCH interference problems. See more information in [14].
· Uplink interference management for macro+pico scenarios: Include techniques for identifying nearby macro-UE that is causing uplink interference for a pico eNB [15].
The two above listed CB-ICIC techniques for downlink and upling macro+pico interference scenarios are considered less relevant for the Rel-12 small cell SI work, but could of course be considered if a strong use case for those is identified for small cell cases.
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Figure 1: Overview of main characteristics of LTE ICIC features in different 3GPP releases.

3. Suggested way forward
Given the existing interference management techniques in Rel-8 to Rel-11, we suggest to further study the applicability of time-domain ICIC for managing the interference between small cells. This could also include application of so-called low power ABS as was also discussed in RAN1 during the Rel-11 Further eICIC discussions.
The OCS solution discussed in RAN3 under the CB-ICIC WI seems to match perfectly with objectives for the Rel-12 small cell interference management, and should therefore be further studied as well. Notice here that RAN3 previously send LS on OCS to RAN1 [13], but this LS was never properly addressed by RAN1 due to lack of time, so we recommend that OCS solutions are further evaluation as part of the Rel-12 SI on small cells. Such evaluations should naturally be conducted for deployments where multiple carriers are available for small cells, i.e. in line with objectives for this Rel-12 SI. More details on OCS can be found in R1-131241.
Furthermore, when studying the feasibility of the above mentioned network centric interference coordination schemes, it is recommend to take the effect of advanced UE receivers into account. Thus, including effects of e.g. linear IRC receivers, non-linear interference cancellation of CRS, etc., when studying OCS and eICIC for small interference management in the studies are recommended.
As the objective reads “Mechanisms for interference avoidance and coordination among small cells….”, we recommend to focus on deployment cases where small cells are at carriers without any active macro cells on those, i.e. macro co-channel scenarios are de-prioritized here as those were studied extensively in Rel-10 and Rel-11.
4. Concluding remarks

In summary, we propose the following:
· RAN1 should first evaluate the use of eICIC and Operational Carrier Selection - OCS (as developed as part of the RAN3-lead CB-ICIC WI) techniques for interference management between densely deployed small cells on a set of carriers without macro. Such results should serve as baseline for later considering if additional small cell interference management solutions are needed.
· First priority should be on FDD downlink, while uplink studies should not be excluded. Specific TDD small cell interference management work shall be coordinated with other Rel-12 activities on interference mitigation for flexible TDD.
· Performance evaluations should include interaction between network centric coordination schemes and the use of advanced UE receivers. 
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