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1. Introduction
In RAN1#62 meeting, a way forward was agreed in [1] regarding eICIC for non-CA based HetNets, and agreements in this WF are as follows:
· Macro-Femto:

·  Baseline
· No backhaul coordination (X2,S1)

· Time-domain/power setting solutions

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources

· Macro-Pico

· Extend Rel8/9 backhaul based ICIC to include time domain component

· Baseline

· Coordination of almost blank subframe

· If MBSFN is configured almost blank subframe does not contain CRS in the data region.

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources

· The gains with cell range expansion (CRE) are still FFS in RAN1 and RAN4 wil not start working on CRE enablers unless gains are concluded by RAN1.

· No additional support shall be assumed in Rel-10 for cell range expansion beyond what is already possible in Rel-8.
In this contribution, we discuss further details for clarification of agreements and improvement of performance in Macro-Pico case. 
2. Discussions
2.1. Extended Rel8/9 backhaul based ICIC
In [2], three information elements (IE) are defined for backhaul based ICIC as follows:

· UL Interference Overload Indication (OI)

· This IE provides, per PRB, a report on interference overload. 

· The interaction between the indication of UL Interference Overload and UL High Interference is implementation specific.

· UL High Interference Indication (HII)

· This IE provides, per PRB, a 2 level report on interference sensiticity to neighbour cell. (High interference sensitivity / Low interference sensitivity)

· Relative Narrowband Tx Power (RNTP) for DL

· This IE provides an indication on DL power restriction per PRB in a cell and other information needed by a neighbour eNB for interference aware scheduling.

· The bit for each PRB represents that:

· Value 0 indicates “Tx not exceeding RNTP threshold”.

· Value 1 indicates “no promise on the Tx power is given”/

The OI can be deemed to a “request signal” for inducing neighbour cell to reduce the power of specific resources. But because the interaction between OI and HII is implementation specific, the OI is an just notice signaling in specification. The IE corresponded to OI, the HII, can be deemed to a “acion signal”. 
We will focus on extending Rel8/9 ICIC (as mentioned above) to include time domain components for eICIC. The simple extension is proposed in [3] - adding a time-domain component to Rel-8/9 RNTP/HII with the goal to coordinate the use of “almost blank subframes” in the network. In other words, each eNB informs neighbour eNB what power allocation per subframe is scheduled to own cell. 
However, the eICIC solutions which were proposed in the previous meetings need more cooperative suframe scheduling. For example, because the aggressor cell doesn’t know how much coordinated subframes are needed in victim cell, signaled coordinated subframes can be still less than victim cell want to get. For that reason, more cooperative subframe scheduling should be signaled between aggressor and victim. Considering agreement that extends Rel8/9 ICIC to include time domain component, we propose as follows:
Proposal : In the similar way as Rel8/9 UL ICIC, “request signal” and “action signal” are needed for more cooperative subframe scheduling in UL and DL for HetNet. The interaction between the signal of request and notice is implementation specific.
2.2. Restriction of measurement region
Figure 1 shows examples of Macro-Pico deployment. If TDM solutions for eICIC (e.g. configured by MBSFN subframe or almost balck subframe) are utilized to mitigate dominant interference from Macro eNB, interference (per subframe) received by Pico UE can vary significantly. This interference fluctuation in general corrupts Pico UE measurement and may lead to an undesirable result. From the CQI reporting perspective, simply averaging SINR over the entire subframes cannot correctly reflect the actual link quality of each subframe. From the RLM perspective, if the interference from Macro eNB is very strong, Pico UE will expect poor link quality and declare RLF even though an acceptable link quality can be provided in the coordinated subframes. 
As an effort to maintain reasonable SINR on Pico UE when TDM solutions for eICIC are utilized under dominant interference scenario, it was proposed that the network signals to the Pico UE a set of subframe resources suitable for measurements and the radio link monitoring procedure [1]. 
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Figure 1. Examples of Macro-Pico deployment

The proposals in [1] are reasonable when Macro cell’s CRS does not collide with Pico cell’s CRS and subframe coordination is used, because Pico cell’s SINR measured using Pico CRS without Macro CRS interference. However, if many Femto- or Pico-cells are deployed in a same cell (Figure 1(b)), it may be happen that Macro cell’s CRS collides with Pico cell’s CRS. In that case, the SINR measured using CRS by Pico UE is severely decreased though TDM solutions are utilized for eICIC. 
For that reason, we propose that the network signals not only a set of suitable subframes but also measurement region(e.g. PDSCH/PDCCH or 1st slot/2nd slot) in subframes to the UE for interference measurement and radio link monitoring procedure. And the UE performs signal measurement on a set of signaled subframes and interference measurement on signaled regions. It means that inteference measurement is performed in “interference free” region. This proposal would better reflect radio condition, and it is very helpful when CRS collision is happened and Macro cell (aggressor) is configured by MBSFN subframe or almost blank subframe with MBSFN configuration. Figure 2(a) depicts an example of this proposal when network signals measurement region to PDSCH in the coordinated subframe, and Figure 2(b) shows an example of interference measurement on 2nd slot when OFDM symbol shift is used for protecting Pico cell’s control channel from Macro cell’s interference.
Proposal : The network signals not only a set of suitable subframes but also measurement region(e.g. PDSCH/PDCCH or 1st slot/2nd slot) in subframes to the UE.
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Figure 2. An examples of specific measurement
2.3. Multiple CSI feedback

In the LTE-A systems with carrier aggregation (CA), channel state information (CSI) feedback mechanism will support transmission of CSI information for multiple DL component carriers (CCs) on a single (anchor) UL CC. In Hetetogeneous network, each coordinated-cell should transmit data in a set of subframe signaled for interference coordination. But we can expect additional performance gains if the victim cell uses uncoordinated subframe for data transmission with a adequate MCS adjustment to the UEs which are not severely corrupted by the aggressor’s interference. 
In order to improve the performance in HetNet deployment scenarios, we propose the multiple CSI feedback using subframe grouping in the similar manner as multiple CSI reporting on a single CC. Although the subframe coordination is appied, Pico UEs’ CQI/PMI/RI can be measured and reported separately depending on the group to which each subframe belongs (i.e. a group of coordinated subframes or uncoordinated subframes). In other words, a Pico UE generates two CQI/PMI/RI values each of which targets the channel status at each subframe groups. By doing this, it becomes possible to serve a Pico UE at the uncoordinated subframes with an adquately controlled MCS level to cope with the interference from the macro eNB if it is not fatally destructive to the communication of the Pico UE. The benefit of this proposal from viewpoint of performance can be observed in [4].
Proposal : The multiple CSI feedback using subframe grouping (coordinated subframes / uncoordinated subframes) is needed for performance improvement in HetNet deployments.
3. Conclusion

In this contribution, we have discussed interpretation of agreements, restriction of measurement region and multiple CSI feedback. And correspoding our proposals are as follows:
Proposal 1 : In the similar way as Rel8/9 UL ICIC, “request signal” and “notice signal” are needed for more cooperative subframe scheduling in UL and DL for HetNet. The interaction between the signal of request and notice is implementation specific.
Proposal 2 : The network signals not only a set of suitable subframes but also measurement region(e.g. PDSCH/PDCCH or 1st slot/2nd slot) in subframes to the UE.
Proposal 3 : The multiple CSI feedback using subframe grouping (coordinated subframes / uncoordinated subframes) is needed for performance improvement in HetNet deployments.
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