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1. Introduction

A time-domain partition solution for enhanced ICIC was introduced to RAN4 for the first time in last meeting concluding that most of the UE side changes of this WI directly fall within the scope of RAN WG4 [1]. Additional requirements for RLM, measurements and CSI feedback are seen necessary if this solution is adopted in RAN1. 
Which of the candidate eICIC schemes is amenable to implementation in terms of complexity and time and hence gets adopted is mainly up to RAN1’s decision, with inputs from other work groups. This contribution focuses on the impact of the candidate solutions on RAN4 performance requirements.
2. Discussion 
2.1 Background
Under the plain co-channel deployment scenario of macro eNB and HeNB, UEs may have the risk to experience so-called macro-cell coverage hole especially in downlink. Dominant interference condition has been shown when Non-CSG/CSG users are in close proximity of HeNB.
Three different candidate solutions for eICIC are being discussed in RAN1:

· Time-domain solution – Subframe utilization across nodes are coordinated through backhaul signaling. 
· 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.
A time-domain solution introduced in [1] in last RAN4 meeting consists of a semi-static coordination among neighboring cells of subframes with the goal to create the “interference-free tunnel”. The subframes that enable the “interference-free tunnel” are the so-called “almost blank subframes”, which are characterized by lack of unicast PDSCH transmissions, in most cases, transmission of CRS only (except some necessary channels and signals like paging messages, SIB-1, PSS/SSS/PBCH etc to maintain backward compatibility).
A power control solution introduced in [2] proposes applying power control for the HeNBs by reducing the Tx power for some HeNBs.

Frequency-domain solutions basically try to only assign a sub-set of the carriers to the CSG HeNBs in order to reserve some carriers for macro-cell operation (or at least to protect Macro cell PDCCH transmission which deemed to be more significant to maintain the radio link).
2.2 Impact analysis
It needs to be kept in mind that RAN4 should focus on potential RAN4 impact rather than touch too much on RAN1 detailed design at current stage. 
On downlink demodulation aspect, RAN4 performance requirements can be summarized as:
· Control channel and broadcast channel performance requirements, including PDCCH/PCFICH, PHICH and PBCH;
· Data channel performance requirements: PDSCH;
· CSI requirements, including CQI, PMI and RI.
Performance impact of time-domain solution:

Time-domain resource partition introduced in [1] will create some so-called "almost blank subframes" which only transmit CRS and some necessary channels and signals in order to establish the “interference-free tunnel”. 
Macro-UEs will still suffer from dominant CRS interference (either colliding RS or non-colliding RS). Advanced receiver with ability of interference suppression and cancellation is then needed for this solution. It is also concluded in [1] that defining a new UE category/ability would be necessary.
Given the premise above, from demodulation perspective, the following RAN4 work is foreseen for the time-domain resource partition within Rel-10 time-line, In other words, some new requirements are needed for Rel-10 UEs regarding the “almost blank subframe” scheme: 
1. For control channel and broadcast channel performance requirements, including PDCCH/PCFICH, PHICH and PBCH, current requirements do not take any interference into account. If “almost blank subframe” applies, UEs will suffer from dominant CRS interference. UEs without the ability of interference suppression and cancellation will have a high possibility of radio link failure. An interference source or a relatively high CRS interference level   should be considered as a part of test configuration. Rel-8/9 requirements can not be reused due to the insufficient testing consideration. Thus additional requirements for PDCCH/PCFICH, PHICH and PBCH need to be defined for Rel-10 UEs.
2. For data channel performance requirements: PDSCH, same as control channel if “almost blank subframe” applies, UEs will also suffer from dominant CRS interference. Relying on flexible code rate and HARQ transmission adaptation, PDSCH may have a better robustness against interference than control channel. However the current performance requirements are defined based on fixed reference channels, which means code rate change may lead to a recalculation of transport block size. An interference source may also need to be considered as a part of test configuration. Additional requirements and related simulation effort may also be need for Rel-10 UEs.
3. Situation will be a little complicated for CSI requirements including CQI, PMI and RI. In case of colliding RS, the severe CRS interference will significantly affect the accuracy of CSI calculation and thus may require the ability of interference suppression for Rel-10 UEs. In preliminary RAN1 study of eICIC scenario, SNR level around -10 dB under CRS interference was commonly assumed. However for most CSI test cases, relatively high verification SNR points were selected in order to make PDCCH correctly decoded, for example around 6-17dB for most CQI tests. Thus Rel-8/9 requirements can not be reused. In case of non-colliding RS, due to the interference on certain REs that transmit PDSCH data, UEs without the ability of interference suppression may have difficulties to pass the PDSCH BLER requirements. Dominant CRS interference should also be considered as a part of test configuration. So additional requirements may be needed for Rel-10 UEs.

Performance impact of power control solution:
No demodulation performance impact is identified for the power control solution as the potential changes (if any) can only be expected for the RF requirements which highly depend on the standardization extent of power control algorithm.
Performance impact of frequency-domain solution:
The demodulation performance impact depends on the backward compatibility to the Rel-8/9 bandwidth after the frequency domain partition. A Rel-8/9 backward compatible scheme may have no need for the additional requirements for Rel-10 UEs.
It can be concluded from the above analyses that for time-domain solution basically additional requirements are needed for all the demodulation and CSI test cases if “almost blank subframe” applies. No existing Rel-8/9 requirements can be reused; for power control solution and frequency domain solution, RAN4 performance requirements impact could be limited to a relatively low level or in some case no changes needed. Other implementation factors, for example AAGC (Analog Automatic gain control) and AFC (automatic frequency control), may also to some extent impact UE design and RAN4 performance requirements. However those details are not taken into consideration in this contribution due to their dependence to the UE implementation.
3. Conclusion
In this contribution we analyze the potential impact on RAN4 performance requirements of the candidate solutions based on the contribution proposed in last meeting in [1] [2]. It is suggested that this contribution be taken into consideration when RAN4 discusses the performance impact and potential workload of all the candidate solutions. 
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