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1. Introduction
The eICIC work item had a study phase until RAN#49 and the conclusions made so far was sent by RAN1 in [1] (with an attachment [2]). For macro-femto case illustrated in Figure 1, the baseline solution is time-domain coordination and HeNB power setting. In addition, it was also agreed in RAN1 to support restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources in order to cope with interference fluctuation caused by the time-domain coordination.
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Figure 1. Illustration of macro-femto case.
In the previous meeting, several contributions were noted to have discussion about the issues of the above-mentioned solutions [3, 4]. This contribution also provide some discussions about the eICIC solutions included in [1], focusing on the impact on legacy UEs.

2. Discussion
Figure 2 shows an example of the time-domain coordination between MeNB and HeNB. HeNB configures several subframes as “almost blank subframe” and transmits no DL signal in those subframes except for some essential ones like PBCH/PSS/SSS. CRS should be transmitted in these almost blank subframes to maintain backward compatibility of UE measurement but can be omitted in the PDSCH region if configured as MBSFN subframe.
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Figure 2. An example of the time-domain coordination between MeNB and HeNB.

Among the problems of non-CA-based HetNet listed in [2], one important issue is the impact of the time-domain coordination on the UE measurement. If HeNB alternates normal DL transmission and the almost blank subframe operation, a MUE in proximity of HeNB experiences high interference fluctuation. In this case, if the MUE simply average its measurement over the entire subframes, the measurement cannot reflect the channel condition in the subframes at which the MeNB serves that MUE. For example, regarding the CQI report, the MUE reports a PMI/RI/CQI targeting the channel condition “averaged over the whole subframes” which is quite pessimistic in the sense that the PDSCH targeting the MUE will experience no (or much reduced) interference from the HeNB. More serious problem occurs due to the RLM of the MUE because the MUE will declare radio link failure (RLF) and lose its connectivity when it sees strong interference in the uncoordinated subframes even though the channel quality is acceptable in the coordinated subframes. We can call this the “false RLF declaration.”
In order to cope with this problem, RAN1 provided a solution for the problem of inaccurate RRM/RLM/CQI measurement by “support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources.” If the MUE restrict its measurement to the resources in the coordinated subframes that are configured as almost blank subframes by the HeNB, the measurement reflects the channel condition of the resources at which the “actual transmission” occurs. Consequently, we can avoid the problem caused by inaccurate RRM/RLM/CQI measurement.
However, we can observe that the baseline solution is only a partial solution for this problem as it can benefit only Rel-10 UEs. As written in the WID, the outcomes of this WI “shall ensure backward compatibility for Rel8/9 terminals.” According to TS 36.913, backward compatibility of Advanced E-UTRA and Advanced E-UTRAN with Release 8 E-UTRA and E-UTRAN means
· an Release 8 E-UTRA terminal can work in an Advanced E-UTRAN, 

· an Advanced E-UTRA terminal can work in an Release 8 E-UTRAN and 

· non-backward compatible elements could be considered based on RAN decision.

Based on this definition, it seems a natural understanding that a Rel-10 HeNB is not backward compatible if a Rel-8/9 UE, which has worked without any problem, becomes unable to work after deploying the HeNB. Here, it is noteworthy that, accroding to TS 36.523-1 (Section 6.3.6), even a Rel-8 UE is required to pass a test case where there exists a CSG HeNB from which the UE receives 24 dB higher power than from the serving cell. This implies that experiencing such a dominint interfering HeNB is not an exceptional case but within the operation range which should be covered by the specification. And if there is no solution to improve the measurement of Rel-8/9 UE, non-CA-based HeNB deployement has backward compatibility issue.
If the interference is 24 dB higher than the desired signal, the RRM/RLM/CQI measurement is seriously corrupted even though some time-domain coordination is done. Especially, it is highly probable that the UE declares RLF although it can receive reliable signal in the coordinated subframe (where the interfering HeNB does not emit any interference). We note that simulation results in [5-8] have revealed that SINR around -8 dB renders 10 % PCFICH-PDCCH joint decoding error which is the criteion of RLF declaration (i.e., corresponds to Qout of the RLM procedure). Figure 3 is a simulation result for PCFICH decoding performance.
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Figure 3. PCFICH decoding error rate.
The main motivation of the resource specific RLM is to avoid this false RLF declaration. By liminting RLM to the resources free from the dominant interference from the HeNB, a macro UE can keep its conectivity to the macro eNB. Obviously, this is applicable only to Rel-10 UEs; Rel-8/9 UEs will declare RLF under this condition unless the network provide an additional solution. Impairments in RRM/CQI measurement of Rel-8/9 UEs are unavoidable as well.
HeNB power setting can mitigate this problem to some extent. Figure 4and 5 show the macro UE SINR distribution with and without HeNB power setting. For the power setting formula, we assumed
Ptx = max (min (α · PM + β , Pmax), Pmin) [dBm],
where parameters Pmax = 20 dBm and Pmin = 0 dBm  is the maximum and minimum HeNB transmit power settings, while PM is the received power from the strongest co-channel MeNB. In the simulations, α = 1.0 and β = 72 dB were chosen by heuristic optimization. Without power setting, HeNB is set to the maximum transmission power.
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Figure 4. Macro UE SINR distribution in urban deployment.
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Figure 5. Macro UE SINR distribution in suburban deployment.

From this results, we can observe that the MUE SINR is much improved by HeNB power setting but not fully sufficient in solving the control channel problem. Depending on the deployment scenario, 3 ~ 25 % of MUEs are below -8 dB SINR where RLF is declared. Here, it is noteworthy that the false RLF occurs mostly for indoor MUEs as observed in Figure 6 (8 % indoor MUEs are below -8 dB SINR). This situation is quite problematic in that some users having Rel-8/9 UEs cannot connect to the radio access network at their home if HeNB is deployed in their neighborhold.
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Figure 6. Inddor macro UE SINR distribution in urban deployment.

3. Conclusion
In this contribution, we discussed about the remaining issues in macro-femto case. Even though the baseline solution in [1] can solve the measurement problem for Rel-10 UEs, we can conclude that there still remains backward compatibility issue in the baseline solution [1] in the sense that the problem of inaccurate measurement is not solved in case of Rel-8/9 UEs. Therefore, we proposed to consider this point in progressing the WI.
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Appendix A. Simulation Assumption for Figure 3
Table 1. Simulation Parameters for PCFICH link simulation

	Parameter
	Value

	Simulation Cases
	LTE ETU

	Carrier Frequency
	2.0 GHz

	Bandwidth
	10MHz (50RB)

	Fading Speed
	3km/hr

	Antenna configuration
	2x2

	PCFICH Transmission Scheme and Mapping
	SFBC (as defined in 36.211)

	PCFICH Receiver Algorithm
	ML decoding

	Interference
	Single/Two Interence cell at 0,8,16dB signal compared to serving cell


Appendix B. Simulation Assumption for Figure 4, 5, and 6
Table 2. Simulation Parameters for UE SINR simulation 
	Parameter
	Value

	Simulation scenario
	3GPP Case 1 and 3

	Carrier frequency
	2 GHz

	Transmission bandwidth
	10 MHz (50 RBs)

	Number of macro-cells
	57 cells with wrap-around

	HeNB deployment model
	Dual-strip, one apartment block per cell (with maximum 6 floors)

Each apartment can have a single active HeNB serving a single subscribed UE.

	HeNB Deployment Ratio
	0.1 (Fraction of apartments with installed HeNB)

	HeNB activation ratio
	1.0 (Activity factor of installed HeNB)

	Fraction of MUEs within dual-stripe area
	35 % and 80 %

	Number of users
	30 users/cell

	Maximum HeNB transmit power
	20 dBm

	Minimum HeNB transmit power
	0 dBm

	Maximum MeNB transmit power
	46 dBm

	Number of users
	30 users/cell

	Penetration loss
	Interior wall penetration loss Liw = 5 dB.

Exterior wall penetration loss between apartment stripes Low = 20 dB.

	Path loss
	Suburban and Urban deployment, 

Path loss Model 1 (see Table 2.1.1.2-7 and 2.1.1.2-8, TR 36.814)

	Lognormal shadowing standard deviation
	4 dB for link between HeNB and HeNB UE. 8 dB for other links.

	Channel model
	LTE ETU

	Min. distance between UE and HeNB
	>= 3 meters

	Min. distance between HeNB block and MeNB
	>= 75 meters

	Min. distance among HeNB blocks
	40 meters

	Antenna pattern (HeNB)
	Omni-directional, 
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