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1 Introduction
It was agreed in RAN Plenary #47 [1] to investigate Enhanced ICIC Techniques that are Release 8/9 compatible (i.e. that are backwards compatible with Release 8/9 UEs). If Release 8/9 ICIC techniques are adequate for supporting Heterogeneous networks, then the need for newer ICIC techniques will be limited. A companion document [3] with dynamic system simulations shows that the Rel-8 control channel (PDCCH) design works satisfactorily for HetNets with eNBs and both Relays and Pico cells.
This document discusses some potential enhanced ICIC techniques that can be further studied for HetNets with HeNBs if indeed there is a need for enhancements. 
2 Enhanced ICIC Techniques 
Regarding co-channel Heterogeneous networks we make the following observations regarding control channel reliability (see also [2], [3]):
· Extensive system simulations with realistic control channels were performed for Inband and out-of-band relays with the following conclusions (Note the out-of-band relay results are also applicable to Pico cells.). 

· Inband Relay: The system simulations with Rel-8 PDCCH turned ON show a loss of ~ 2% or less relative to the case with Rel-8 PDCCH turned OFF. This implies that the Rel-8 PDCCH design works satisfactorily in HetNets with macro-eNB and inband Relay nodes. The simulations were performed assuming a PCFICH value ‘n=2’
.
· Outband Relay (or Pico Cells): The system simulations with Rel-8 PDCCH turned ON show a loss of ~ 5% or less relative to the case with Rel-8 PDCCH turned OFF. This implies that the Rel-8 PDCCH design works satisfactorily in HetNets with macro-eNB and out-of-band Relay nodes (or Pico-cells). The simulations were performed assuming a PCFICH value ‘n=2’.

· For HeNB, it is FFS to see if Rel-8 control is already adequate for co-channel situation. Typically, a MeNB does not interfere significantly with all the HeNBs within its coverage. Therefore, any ICIC for coordinated control may potentially be applicable on a per-HeNB basis or only the HeNBs that see significant interference from MeNB may be candidates for coordinated control.
The following are potential solutions that can be considered (if needed) for HeNBs that see significant interference from MeNB: 
· MeNB coordinates use of lightly scheduled subframes with HeNBs:
· MeNB and HeNBs can over-dimension control region size (i.e. PCFICH value) and under-use the CCEs to enable coordination on control channels e.g. MeNB uses ‘n=3’ and restricts the maximum #UEs scheduled and/or CCE usage. This can be done without any coordination between the nodes or if needed by extending the existing ICIC mechanisms wherein the nodes exchange PCFICH values and it is further possible to restrict these to certain subframes (restricted subframes) which can be coordinated with HeNBs (e.g. with new ICIC signaling).  
· A HeNB seeing significant interference from MeNB can configure its PHICH symbol duration of 3 so that its subframes that coincide with the MeNB restricted subframes can benefit from maximum interference randomization and implicit indication of HeNB control region size.  
· The HeNB can also use control channel repetition (e.g. repeat an 8CCE grant for a particular UE) to increase the probability of successful control channel reception at the UE. 
· This approach is transparent to Release 8/9 UEs and also allows resource partitioning or coordination in both frequency and/or time.  
· Use offset (e.g. via subframe or OFDM Symbol-level shifting) of HeNB subframe relative to the MeNB subframe and restrict scheduling of inner 6 resource blocks in the MeNB frame aligned with the HeNB PBCH/SCH subframe (if required) to improve HeNB PBCH and SCH [5,6] reliability. 
· Orthogonal Co-channel Solution (if needed): The desired coordination features may be achieved in a simple way via carrier segment or extension carriers.
3 Conclusion
It is concluded, based on extensive system simulations [2],  that Release 8 downlink control channels are adequate for Relays (both inband and outband), and for Pico cells in co-channel heterogeneous networks.  

While release 8 downlink control channels are considered adequate for HeNBs not in close vicinity of a macro eNB it is FFS if they are also adequate for HeNBs that experience high interference levels from a MeNB.  One ICIC technique proposed for mitigating MeNB high interference to HeNB control is for the MeNB to coordinate with the HeNB on which subframes it will limit the number of scheduled users.
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� Note the ‘n’ is CFI indicated via PCFICH.  That is, ‘n’ is control region size in OFDM symbols.





