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1. Introduction
In RAN1#61, it was agreed that an enhanced ICIC solution is needed for macro-femto and femto-femto deployment cases [1]:
· Macro-Femto and Femto-Femto co-channel deployment 

· Dominant interference condition has been shown when Non-CSG/CSG users are in close proximity of Femto; in this case:

· Rel8/9 ICIC techniques are not fully effective in mitigating control channel interference. 

· Enhanced interference management is needed

· Techniques in TR36.921 can be considered where appropriate

In RAN1#62, a baseline solution for the above problems was agreed as follows [2]:
· Macro-Femto: 
· Baseline

· No backhaul coordination (X2, S1)

· Reflects RAN3 status

· Time-domain/power setting solutions 

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

This contribution discusses about the issues remaining after having the above baseline solution.

2. Discussion on Remaining Macro-femto Problems
During several meeting times, a number of problems have been identified in Macro-femto case. We can categorize the problems as follows:

· Inaccurate RRM/RLM/CQI measurement

· including the false RLF declaration of macro UEs

· Control channel reliability

· PCFICH/ PHICH/PDCCH

· Data channel performance

On seeing the agreed baseline solution, we observe that the power setting is not sufficient and this observation is the motivation of introducing additional solution like time-domain coordination along with resource-specific measurement. However, the baseline solution can solve a part of indentified problems for a part of UEs. More detailed discussion is provided in the following subsections.
2.1. Backward compatibility
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.
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 [4-7] 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). 

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. We also note that similar observation was made in [8, 9] in that the resource-specific measurement only benefits Rel-10 UEs.
Observation 1: There still remains backward compatibility issue in the baseline solution [2] in the sense that the problem of inaccurate measurement is not solved in case of Rel-8/9 UEs.

2.2. Control channel

In many contributions, it is assmed that 1% CCH error rate (corresponds to about -3.5 dB SINR) is the criterion to determine the coverage of a cell [10-13]. This assumption is in line with the minimum requirement on CCH decoding specified in TS 36.101 (Section 8.4). Under this assumption, we observe that a considerable number of macro UEs fall outside of the coverage even when HeNB power setting is applied. For example, in the simulation results in [14], 10 ~ 50 % of macro UEs are in outage due to the CCH performance degradation depending on the deployment model.

Observation 2: HeNB power setting is a backward compatible solution but not fully sufficient in solving the control channel problem.
Here, it is noteworthy that almost blank subframe cannot fully solve this problem due to CRS interference as shown in [4]. In dominant interference condition, CCH of macro UEs is severely corrupted by the CRS of HeNB which cannot be muted in almost blank subframe. There were some proposals (e.g., RRC signaling for CFI [8], interference rejection receiver [9]), but there are UE-specific solutions and cannot be a universal solution which can cover all the UEs (including Rel-8/9 UEs). Especially, CFI is a cell-specific value, so it should be received by all the UEs connected to the cell. Therefore, in order to ensure backward compatibility of Rel-10 HeNB, an additional solution is required to protect the CCH of macro UEs from dominant interference.
Obervation 3: An additional solution is needed to provide the control channel hearbility to all the UEs in close proximity of a CSG HeNB.

2.3. Data channel

Similaly to the control channel, macro UE’s PDSCH is seriously corrupted if it is exposed to the dominant interference from the HeNB’s CRS [4]. This problem can be solved by a proper implementation of the baseline solition: The macro UE’s PDSCH sees no interference at all if HeNB configures the corresponding subframe as almost blank subframe and MBSFN subframe at the same time. This solution is backward compatible and applicable to Rel-8/9 UEs as well.

However, there exists a restriction in MBSFN subframe configuration; subframes #0, #4, #5, #9 in FDD and #0, #1, #5, #6 in TDD cannot be configured as MBSFN subframe. As a result, the above baseline solution may not be sufficient. For example, due to the lack of MBSFN configurable subframe in the HeNB side, some macro UEs should be served in a subframe which is configured as almost blank but not MBSFN subframe by the HeNB. In addition, if OFDM symbol shifting is applied, e.g., to avoid CRS interference to the control channel as proposed in [15], there still exist CRS-to-PDSCH interference even in MBSFN subframes at the HeNB side. The CRS-to-PDSCH interference may be more serious in TDD because only a few DL subframes are allowed to be configured as MBSFN subframe.

Observation 4: Almost blank and MBSFN subframe configuration may not be sufficient to protect macro UE PDSCH.
3. Specification of HeNB Power Setting
In [3], various power setting methods were proposed but, considering the agreement that “No backhaul coordination (X2, S1),” it is reasonable to limit the scope to the methods relying only on HeNB’s own measurement. Such an example would be the following one: 
· For power control based on strongest receiving power of MeNB at the Femto:
· Ptx = max (min (α · PM + β , Pmax), Pmin) [dBm]
where PM is the received power from the strongest co-channel MeNB.
Regarding this example, we can see several unclear points: First, in order to keep the macro UE’s geometry at a constant level, this method reduces HeNB power as the received Macro eNB power decreases. However, this kind of power setting will lead to a situation that a HeNB should use the minimum power level if it is deployed in a coverage hole (e.g., in isolated area such as the inside of a building which has hugh penetration loss in its wall). So it is not clear whether this method will work well for an HeNB deployed in a coverage hole. Second, HeNB can use UL receive power (i.e., UL interference power from the perspective of the HeNB) as well as DL receive power in determining its transmission power. High UL receive power means that a MUE is likely to be close to the HeNB, so it is desirable to reduce HeNB’s DL power to mitigate the interference to that MUE. So it is not clear wheterh this method will work well for an HeNB which receives strong signal from the macro eNB but sees a macro UE in its close proximity.
We are of the opinion that we need to be careful in specifying a specific HeNB power setting formula before all these unclear points are well understood. One possible way is to left the power setting formula as an implementation issue in Rel-10.
4. Conclusion
In this contribution, we discussed about the remaining issues in macro-femto case and made the following observations for the baseline solution:
Observation 1: There still remains backward compatibility issue in the baseline solution [2] in the sense that the problem of inaccurate measurement is not solved in case of Rel-8/9 UEs.

Observation 2: HeNB power setting is a backward compatible solution but not fully sufficient in solving the control channel problem.

Obervation 3: An additional solution is needed to provide the control channel hearbility to all the UEs in close proximity of a CSG HeNB.

Observation 4: Almost blank and MBSFN subframe configuration may not be sufficient to protect macro UE PDSCH.

Based on these observations, we propose the following:

Proposal: We propose to find additional eICIC solutions on top of the baseline in order to ensure backward compatibility and reliable control/data channel reception in non-CA-based HetNet.
We also breifly discussed about the specification of HeNB power setting. We listed several unclear points for an example of power setting formula.
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