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1. Introduction
Scenarios and requirements for small cell enhancements were studied and captured in TR36.932 [1]. One typical deployment scenario of small cell is the case where the small cell is operated in a new frequency band different from the bands for legacy carrier (macro cell). Another deployment scenario considers co-channel deployment in which small cell and macro cell share the same, possibly the legacy, frequency band. While the former scenario does not require backward compatibility since the legacy UE does not have access to the new frequency band, the latter scenario requires support of legacy UE. 
On the other hand, during Rel-11 work item new carrier type (NCT) as a non backward compatible carrier was introduced.  Although some agreement has been made, the NCT work item was postponed to Rel-12. 

Considering the interdependency between the backward compatibility of NCT and small cell deployment, it is crucial to share and clarify the views on backward compatibility of Rel-12 carrier among companies. In this contribution, we share our view on backward compatibility of Rel-12 carrier.
2. Discussion
2.1. Level of backward compatibility
There are certain levels of backward compatibility of Rel-12 small cell. 
· Option 1) Legacy UEs cannot enjoy any service on Rel-12 small cell
· Option 2) Legacy UEs can connect to Rel-12 small cell only as SCell or CoMP transmission point.
· Option 3) Legacy UEs can fully connect to Rel-12 small cell.
Option 1 implies that small cell is operated only on new carrier type (NCT). In other words, small cell may not have necessary channels/signals to be a serving cell for legacy UEs. Alternatively, small cell has the same structure as legacy carrier type but the legacy UEs may not be capable to recognize the small cell. For instance, new range of Physical Cell Identity for the small cell may be introduced or operators actually deploy the small cells only on new dedicated band for Rel-12.
In Option 2, small cell may not have all of required channels/signals to be PCell for legacy UEs but has to have at least channels/signals to be a SCell. This option is deeply related to Option 1 since small cell defined as Option 2 behaves similarly to Option 1 in standalone operation.
For Option 3, small cell has to have necessary channels/signals to be a PCell for legacy UEs.
Observation 1:

· Not only we should discuss whether backward compatibility is necessary but also the intended levels of backward compatibility should be studied.
2.2. Relevant legacy functionalities
When we discuss the backward compatibility of Rel-12 small cell, we should also clarify which types of legacy UE should be intended for. More specifically, we should clarify which functionalities are required for legacy UE to connect to Rel-12 small cell, especially Option 2 small cell described in the previous section.
· Transmission mode: 
UE can use CSI-RS, which is UE-specifically configured, for CSI measurement within TM9 and TM10. In contrast, the other TMs require CRS base CSI measurement to configure the appropriate parameters. More specifically, small cell without legacy CRS cannot serve TM4 UE but TM10 UE. Therefore, the restriction to be backward compatible to TM9 and TM10 is not so serious as that for the other TMs.
· EPDCCH: 
EPDCCH can be demodulated without CRS. Furthermore, legacy control channels are not always necessary for UE monitoring EPDCCH. In this sense, EPDCCH could make CRS and legacy control channels displaced on the Rel-12 small cell so that overhead and inter-cell interference leak due to CRS or PDCCH may be reduced. Also, power consumption of eNB can be improved since the steady transmission of CRS is no longer necessary.
· Cross-carrier scheduling:
Similarly to EPDCCH, cross-carrier scheduling eliminates the need of monitoring PDCCH on small cell. Obviously, this functionality is very linked to Option 2.
· Time domain ICIC:
In the Rel-11 work item, reduced CRS on new carrier type (NCT) was agreed. Even if RS is transmitted in Rel-12 small cell with such a different manner from legacy carrier, RRM/CSI measurement subframe restriction may alleviate the consequence of the new RS transmission scheme. More specifically, eNB can configure two subframe sets. One includes subframes where legacy UE can perform accurate measurement and the other includes subframes where measurement results are expected to be inaccurate.
Observation 2:

· The type of legacy UE for which backward compatibility is intended for should be clarified.
3. Conclusion

Based on the above discussion, we make the following observations:
Observation:
· Not only RAN1 should discuss whether backward compatibility is necessary but also the intended levels of backward compatibility should be studied.

· The type of legacy UE for which backward compatibility is intended for should be clarified.
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