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1. Introduction

In het-net scenarios, dominant interference from closed subscriber group (CSG) HeNBs can deteriorate the signal-to-interference ratio at non-CSG UEs (e.g. macro. cell UEs, abbreviated as MUEs). On-going time domain enhanced ICIC (eICIC) studies in RAN1 [1] [2] have proposed backhaul coordinated transmission of silent HeNB subframes
 for reliable control/data reception at non-CSG UEs (which would otherwise experience outage). 
In this contribution, we suggest that on-going eICIC studies [1][2] should (additionally) factor in coordinated CSI reference symbols (CSI-RS) transmission, whilst considering backhaul scheduling of silent subframes. 
2. Coordinated CSI Estimation: Motivation

[image: image1]
With frequency domain ICIC [3], frequency resources for synchronization and reference symbols are partitioned between the macro. eNodeB and its coordinating HeNBs. Therefore, we do not anticipate any additional problem with CSI estimation – relative to conventional homogeneous networks – at non-CSG UEs.
With time domain ICIC however, whenever the macro. eNodeB transmits its CSI-RS subframes which overlap with “normal” (unicast) HeNB subframes (e.g. HeNB subframe 2 in figure above), non-CSG UEs may experience dominant interference from HeNB(s). As a result, such UEs may report pessimistic CQI (measured over their CSI-RS), possibly resulting in downscaled MCS (that is, reduced throughput), even though their scheduled subframes may experience good channel conditions. 
Silent subframes, by their very nature, provide interference-free resources for reliable CSI estimation (over CSI-RS) and CQI reporting at non-CSG UEs. The following are in order:
a) The macro. eNodeB should preferably transmit its CSI-RS only during subframes that are time-synchronized (overlapping) with silent HeNB subframes. This enables MUEs to obtain interference-free CSI estimates.

b) Coordinating HeNB (s) should preferably transmit their CSI-RS only during their silent subframes. The macro. eNodeB can mute (rate-match) its PDSCH which overlap with CSI-RS locations of coordinating HeNB (s). This provides MUEs with interference-free resources for estimating inter-cell CSI to HeNB (s).

Proposal 1: For accurate intra-cell/inter-cell CSI measurement, time-domain ICIC solutions should consider jointly coordinating CSI-RS transmissions (at macro. eNodeB and HeNBs) with silent subframe transmissions at HeNBs.
Proposal 1 basically states that enhanced ICIC schemes should enable the CSI-RS subframe offset (s) at macro. eNodeB to overlap in time with silent HeNB subframes. 
However, it may not wholly justifiable to claim that the macro. eNodeB shall only transmit its CSI-RS during subframes which overlap with silent HeNB subframes (although we acknowledge to conceivably think of  such a feature as eNodeB implementation). For example, based on a priori cell-planning, an operator may pre-allocate a certain set of sub-frame offset (s) for CSI-RS, which may or may not coincide with silent HeNB subframes. Alternatively, when a macro. eNodeB does transmit its CSI-RS during silent HeNB subframes, CSI-RS pattern collisions may yet occur. 
The following proposal addresses some of the above concerns.
Proposal 2: Time-domain eICIC studies should consider reconfiguration of HeNB subframe offsets (and possibly location of their CSI-RS patterns) in case CSI-RS transmissions of macro. eNodeB cannot overlap in time with existing HeNB silent subframes.
3. Conclusions

This proposal suggests time-domain coordination of CSI-RS transmissions in addition to considering silent subframe scheduling in heterogeneous networks for Rel-10 LTE. The idea is to facilitate a cooperative scheduling over backhaul such that CSI-RS transmissions at macro. eNodeB overlap with silent HeNB subframes.
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� Silent (e.g. Almost blank/MBSFN) subframes do not carry data and possibly do not carry control channel.
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