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1 Introduction
In RAN3 #73bis meeting, the discussion on PCell/SCell selection support in macro-pico scenario had been summarized in [1]. For the DL interference between macro and pico, the way forward is captured as follows:

  b. DL interference between Macro and Pico (2550, 2609)?

For DL interference, possible enhancements for the configurability of existing methods defined in RAN3 may be considered, including automation.
In [2], it suggests RAN3 to consider cross-carrier scheduling as the baseline frequency-domain solution for DL interference coordination in macro-pico scenario. In this paper, we further discuss a possible time-domain solution for DL ICIC in carrier based macro-pico environments and share our views on the possible enhancement. 
2 Discussion
In Rel-8/9, the Load Indication procedure has been specified for inter-cell interference coordination (ICIC). RNTP (Relative Narrowband Transmit Power), OI (Overload Indicator) and HII (High Interference Indicator) are introduced to explicitly or implicitly indicate the interference level per PRB (physical resource block). The information helps on the coordination of efficient resource allocation among eNBs. eNBs exchange the information through LOAD INFORMATION message in X2. 
In Rel-10, with the introduction of carrier aggregation into LTE, enhanced ICIC (eICIC) mechanisms have been discussed for both non-CA based HetNet and CA based HetNet scenario. ABS (Almost Blank Subframe) is proposed as the time-domain solution for non-CA based HetNet. Power control solution where HeNB adjusts the transmit power to avoid interference to macro is introduced in macro-femto environment. Moreover, cross-carrier scheduling to protect DL control channel is specified as the frequency domain solution for carrier-based HetNet environment.
In Rel-11, possible ICIC enhancements will be considered in the carrier-based HetNet ICIC WI [3]. In [2], it suggests RAN3 to consider cross-carrier scheduling as the baseline frequency-domain solution for DL interference coordination in the macro-pico scenario. However, by gathering PDCCH for multiple carriers into one carrier, the PDCCH capacity might be an issue, i.e., not enough PDCCH capacity especially when the user load is high. So far, there is no time-domain solution for carrier-based HetNet environments. In addition to the frequency-domain solution, it is proposed to RAN3 to consider the time-domain ICIC solution for carrier-based HetNet environment.
Proposal 1: In addition to the frequency-domain solution, it is proposed to RAN3 to consider the time-domain ICIC solution for carrier-based HetNet environment.
2.1 Possible time domain solution for carrier based HetNet ICIC
In Rel-10, ABS has been specified as time domain ICIC solution to overcome the DL interference in Macro-Pico and Macro-Femto scenarios. Almost blank subframes are subframes with reduced transmit power (including no transmission) on some physical channels and/or reduced activity. For the macro-pico scenario, a bitmap pattern used to indicate ABS pattern of macro to pico will be configured by macro and transmitted through X2 from macro to pico. Since ABS is a backhaul based eICIC mechanism and it provides good protection on DL control and data channel, RAN3 is suggested to consider the ABS as a possible time domain solution for carrier-based HetNet ICIC in macro-pico scenarios.  
Proposal 2: RAN3 is suggested to consider the ABS as a possible time domain solution for carrier-based HetNet ICIC in macro-pico scenarios.

2.2 ABS application in the carrier based macro-pico environment
In Rel-10, ABS mechanism is mainly discussed in the non-carrier aggregation based HetNet. In the case of carrier aggregation, ABS is restricted to PCell. Whether the Scell applies ABS or not is under discussion in RAN2. It is observed that the ABS application is per operational carrier, especially applying in the carrier operated in macro-pico or in macro-femto scenarios. However, in the carrier aggregation scenario, the PCell/SCell configuration is UE specific. By the current agreement that ABS application is restricted in PCell, ABS application to the carrier based HetNet ICIC can be categorized into the following two cases. We demonstrate with an example in the macro-pico environment. Assume that f1, f2, and f3 are the operational carriers of macro cell; f1 and f2 are the operational carriers of pico cell. As can be seen, f1 and f2 are the overlapped carriers in macro-pico environment. 
Case 1: All overlapped operational carriers apply the ABS mechanism.
In this case, macro cell configures ABS pattern on all overlapped operational carriers between macro and pico, i.e., f1 and f2, as shown in Figure 1. For a Pico UE located at the cell edge (i.e., CRE) who may suffer from the serious interference from Macro eNB, the PCell selection for the PUE can be either on f1 or f2, i.e., pico eNB can communicate with the CRE PUE in the ABS subframe on either f1 or f2. 
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Figure 1: ABS pattern on f1 and f2
Case 2: Some overlapped operational carriers do not apply the ABS mechanism.
In case 2, macro cell configures ABS pattern only on some overlapped operational carriers between macro and pico, e.g., f1, while some overlapped operational carriers do not apply the ABS mechanism, e.g., f2, as shown in Figure 2. For a CRE PUE who may suffer from the serious interference from Macro eNB, the PCell selection for the PUE can be only on f1. To avoid severe interference from macro, Pico eNB can only communicate with the CRE PUE in the ABS subframe in f1. 
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Figure 1: ABS pattern only on f1
From the two cases above, different ABS applications in carrier based macro-pico environment will affect the PCell/SCell selection strategy for the pico UE at the cell edge. Therefore, for the pico UE at CRE, the PCell/SCell carrier selection should take the ABS configuration into account.
Proposal 3: For the pico UE at CRE, the PCell/SCell carrier selection should take the ABS configuration into account. 

If RAN3 agrees to consider the ABS as a candidate solution for carrier based HetNet ICIC, the detailed ABS enhancement should also be considered. For example, the ABS patterns for different overlapped operational carriers should be with the same configuration, i.e., bitmap, or can be with different configurations. The detailed design on ABS enhancement can be FFS. 
In addition, RAN3 is suggested to send an LS to consult with RAN2 whether the ABS should be applied in SCell or not.
Proposal 4: If RAN3 agrees to consider the ABS as a candidate solution for carrier based HetNet ICIC, the detailed ABS enhancement should also be considered. The detailed ABS enhancement is FFS.

Proposal 5: RAN3 is suggested to send an LS to consult with RAN2 whether the ABS should be applied in SCell or not.
3 Conclusions
In this paper, the possible enhancement of ICIC for macro-pico environment had been discussed. Time domain solution, ABS, was suggested and discussed. Proposals are raised for discussion and decision. 
Proposal 1: In addition to the frequency-domain solution, it is proposed to RAN3 to consider the time-domain ICIC solution for carrier-based HetNet environment.
Proposal 2: RAN3 is suggested to consider the ABS as a possible time domain solution for carrier-based HetNet ICIC in macro-pico scenarios.
For the ABS application in the carrier based macro-pico environment, two cases are observed and the corresponding proposals are listed:

Case 1: All overlapped operational carriers apply the ABS mechanism.
Case 2: Some overlapped operational carriers do not apply the ABS mechanism.
Proposal 3: For the pico UE at CRE, the PCell/SCell carrier selection should take the ABS configuration into account. 
Proposal 4: If RAN3 agrees to consider the ABS as a candidate solution for carrier based HetNet ICIC, the detailed ABS enhancement should also be considered. The detailed ABS enhancement is FFS.

Proposal 5: RAN3 is suggested to send an LS to consult with RAN2 whether the ABS should be applied in SCell or not.
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