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1 Introduction

RAN1 has discussed enhanced ICIC for non-CA based deployments of heterogeneous networks for LTE in RAN1#61bis focusing on macro-femto deployment scenario, without precluding macro-pico scenario. 

Dominant interference condition has been shown when Non-CSG/CSG users are in close proximity of Femto. In this case, Rel-8/9 ICIC techniques are not fully effective in mitigating control channel interference, and hence, enhanced interference management is needed.

In [1], a time-domain partition solution for enhanced ICIC was introduced to RAN4. Additional RRM requirements for radio link monitoring (RLM) and RRM measurements are seen necessary if this solution is adopted in RAN1. In this contribution, we discuss the feasibility of the RAN1 proposed ICIC enhancements and evaluate the potential specification impacts of the ICIC enhancements on RRM requirements. 
2 Discussion
2.1  Description of candidate eICIC solutions from RAN1 perspective
Three different candidate solutions for eICIC in macro-femto deployment are discussed in RAN1:
· Time-domain solution – Subframe utilization across nodes are coordinated through backhaul signalling. 
· Power control solution – Power adaptation across nodes are coordinated through backhaul signaling.
· Frequency-domain solution – Orthogonal bandwidth for control signaling and common information are configured across nodes.
It was clarified in [2] that frequency-domain solution has no backward compatibility issue for Rel-8/9 UEs and can be applied without limitation to both TDD and FDD. In addition, it has no possible impacts on RRM requirements in RAN4.
It is our understanding that power control solution mainly impacts RAN4 RF requirements and should have no impact on RRM. Therefore, we focus in the following analysis on the time-domain solutions, which include 3 typical schemes, i.e., “MBSFN subframes”, “almost blank subframes” and “fake UL subframes”.
2.2  Backwards compatibility
The most important issue in terms of feasibility of the proposed solutions is whether they are backwards compatible.
Since the Rel-8/9 UEs are not aware of the interference-free subframes and still perform measurements on all DL subframes, they would always suffer from radio link failure (RLF) by filtering the measurements along the continuous subframes as discussed in [3]

 REF _Ref269388163 \r \h 
[4]. Thus Rel-8/9 UEs would always stop decoding and start to re-sync and re-access, which is caused by the inaccurate RLM and RRM measurements.
Although some possible solutions have been discussed to solve these issues to some extent, some of them will not benefit Rel-8/9 UEs. For example, in order to solve the issue associated with the inaccurate RLM and RRM measurements, restricting UE measurements within the interference-free subframes or serial interference cancellation (SIC) receiver at the UE side are proposed. However, these solutions are not backwards compatible for Rel-8/9 UEs.
2.3  FDD/TDD commonality
The other thing considered for the feasibility of the proposed solutions is the FDD/TDD commonality.

It is obvious that the time-domain solutions discussed above are feasible for FDD system except the “fake UL subframes” scheme. For TDD system, subframe 0,1,5,6 can not be configured as MBSFN subframes due to the possible transmission of paging channels, and there will be some restrictions on applying “MBSFN subframes” in a TDD system. 
Similarly as the “almost blank subframes” is characterized by nothing other than CRS transmitted in the whole subframe region or in the control region, subframe 0,1,5,6 could also not be configured as the almost blank subframes since the paging channel transmitted in the data region should be available in these subframes. Therefore there will also be some restriction on applying this scheme in TDD system.
According to the analysis above, there are some restrictions on the applicability of time-domain solutions especially for TDD system and “fake UL subframes” is only feasible for TDD [5].
2.4  Specification impacts
In order to solve the remaining issues existed in time-domain solutions for Rel-10 or beyond UEs, the specification impacts on RRM requirements especially from UE side are summarized in [1]. The specification impacts include:

· UE side:

· Radio link monitoring on specific subframes, given possibly large variation of PDCCH reliability  on different subframes
· RRM measurements on specific subframes, given possibly very large interference conditions on different subframes
It is clear that most of the UE side changes directly fall within the scope of RAN WG4. More specifically, the UE changes require the definition of additional performance requirements for RLM and RRM measurements. 
Currently in TS 36.133, to determine if a UE is in-sync or out-of-sync, the UE should monitor the link quality every radio frame. If in the last 200ms when no DRX is used, the quality is worse than Qout, then the UE would report out-of-sync. The link quality is based on the received cell-specific reference signal (CRS) SNR, which is then converted into the block error rate of a hypothetical PDCCH transmission. So if there are subframes that the Rel-8/9 UEs experience strong interference or cannot receive CRS, then the estimated link quality would vary dramatically and not in a way it is intended to be. 
The “almost blank subframes” scheme consists of the subframes that enable the “interfere-free tunnel” and other common subframes. However, when Rel-8/9 UEs monitor the link quality, they receive good CRS SNR on the interfere-free subframes but experience strong interference on the common subframes. Thus, the estimated link quality would vary dramatically and would result in the unwished RLF. If limiting the UEs to monitor the link quality only on the interfere-free subframes as mentioned in [1], then additional RRM requirements need to be specified and no existing Rel-8/9 requirements can be reused.
Currently the RRM measurement accuracy is based on the common assumptions that UEs would take several measurement samples during a 200ms measurement period. If the samples have to fall into the subframes where either no CRS is received or strong interference is present, the measurement accuracy would degrade. Thus the “almost blank subframes” scheme is essential for the inaccurate RRM measurements due to the designed structure. If limiting the UEs to measure only on the interfere-free subframes as mentioned in [1], then additional RRM requirements also need to be specified and no existing Rel-8/9 requirements can be reused.
 According to the analysis above, no existing Rel-8/9 requirements can be reused. Based on previous experiences, simulation alignment among the companies could be time-consuming.
Although the above analyses are mainly focused on the “almost blank subframes”, most of them are also applicable for the “MBSFN subframes” or “fake UL subframes”.
3 Conclusion
This contribution discusses the feasibility of the RAN1 proposed ICIC enhancements and their potential impacts on RRM requirements. It is suggested that this contribution be taken into consideration when RAN4 discusses and compares all the candidate solutions.
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