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1. Introduction

eICIC so far is mainly being studied in RAN1. RAN1’s conclusion on this issue is captured in [1] where RAN1 also sends out LS ‎[2] to inform other RAN WGs regarding potential impacts of the proposed solutions.
One of the favourable eICIC solutions is time-domain solution, in which there are a few variants:
•Regular subframe
Unrestricted

oUtilization of PDCCH space is not restricted by configuration

Restricted 

oUtilization of PDCCH space is restricted by configuration

•Non-regular subframe

MBSFN subframe

Almost blank subframe

Fake uplink subframe (For TDD only)
The current way forward captured in ‎[3] is describing the follows:


[image: image1]
In our understanding, “regular subframe” approach will not cause any major impact in RAN2 scope. In this paper, we mainly focus on analyzing time-domain solutions with “non-regular”  (in particular, almost-blank) subframe, in order to understand their potential impacts relevant to RAN2 work.

2. Impacts of almost-blank subframe on Rel-10 UEs
The proposed “Support for restricting RLM/RRM/CSI measurements at the UE to certain resources” will have quite major impacts for work in both RAN2 and RAN4. The understanding is that if such solution is adopted, RAN2 will have to define specific handling for Rel-10 UEs.

· The specific information Rel-10 UE needs is what subframes should be counted out during RRM/RLM measurement. Since such configuration is cell/eNB-specific, it makes sense to have such information in the SIB broadcast (about the serving cell, in SIB2). 

· In addition, for mobility control, proper measurement of neighbour cells should also take into account non-regular subframe. Such changes are also needed to update all LTE neighbour cell list in SIB4 and SIB5. 
· On the other hand, it is not very clear whether the case of mobility from other RAT to LTE all can be handled properly? 
· The measurement gap configuration etc now may need to take into account almost-blank frames of neigbhors, more than just UE capability. But since different neighbors on the same measurement Object may have different configurations, some additional clarification is needed how to ensure proper measurement on all suitable cells on that measurement Object (Note that the specification in TS36.133 also is to be modified). This may not need much change in TS36.331 (some new gap patterns seems to be needed); but it does change implementation quite a bit.
· The cell selection and reselection in RRC_IDLE needs to be clarified. It is a bit unclear about the solution here if UE cell evaluation is done without explicit NCL or their almost-blank subframe configurations. Therefore, it seems now UE must obtain NCL with each cell’s configuration first and apply such information for cell selection and reselection. Or instead, all the femto/pico may have some configuration aligned with some default pattern and so are macro cells, and the default patterns should be informed to the UE via RRC signaling.
· We did not investigate in details about compatibility of almost-blank frame with other Rel-10 features such as inband relay; will it still allow reasonable relay resource partition so that inband relay can coexist with eICIC?
Observation 1: Somewhat major changes in RRC will be needed if Rel-10 introduces almost-blank subframe with “support for restricting RLM/RRM/CSI measurements at the UE to certain resources”
3. Impacts of almost-blank subframe on Rel-8/9 UEs
In ‎[1], it is stated that all time-domain solutions are backward compatible, which is based on the understand that as long as the following problem does not happen: “A UE has a backward compatible issue if that  UE fails to access to the system or does not work at all in some particular scenarios only due to that the eICIC scheme is applied.”. We feel that the impacts on legacy UEs may need to be more carefully studied. In particular, whether REl-8/9 UEs will have unexpected behaviors due to the fact that it is impossible to “restricting RLM/RRM/CSI measurements at the UE to certain resources” for them.
When Rel-8/9 UEs take almost-blank subframes into measurement, after L3 filtering the RRM measurement results will be worse than the actual value if such non-regular subframe were not used, particularly when CRE is quite extreme. In theory, the eNB can try to compensate measurement threshold with the prior knowledge that this would happen. However, this would require quite a bit complexity at eNB and it is not clear whether compensation can be done accurately, just considering the following facts
· The DRX cycle and measurement gap are individually configured for each UE

· Different eNBs (serving and neighbors) may have different non-regular subframe configuration

· Non-regular subframe configuration may change based on eICIC coordination

Without accurate compensation in RLM/RRM measurement, the eNB can no longer properly manage the control on UE cell selection, mobility, measurement reporting etc. And worst case, UE may declare unexpected RLF‎[4].
The CQI based on almost-blank frame will further penalize Rel-8/9 UE due to poor link adaptation. Since CQI feedback is even more “instantaneous”, i.e., without long window for filtering, the difference between real channel condition and measured one could be even larger than that in RRM measurement. This should probably be studied more carefully (by RAN1) on the performance degradation due to inaccurate CQI.
Observation 2: almost-blank subframe may have non-trivial impact on Rel-8/9 UE behaviour and performance
4. Conclusion
Proposal: RAN2 should discuss the potential impacts from eICIC with “non-regular” subframe, and wait for additional inputs from RAN1/RAN4 regarding CRE issues and RRM/RLM measurement requirements
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Macro-Femto: 


Baseline


No backhaul coordination


Reflects RAN3 status


Time-domain/power setting solutions


Support for restricting RLM/RRM/CSI measurements at the UE to certain resources 


Macro-Pico: 


Extend Rel 8/9 backhaul based ICIC to include time domain component


Baseline


Coordination of almost blank subframes*


Support for restricting RLM/RRM/CSI measurements at the UE to certain resources 


The gains with cell range expansion (CRE) are still FFS in RAN1 and RAN4 will 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






































