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1 Introduction 

Some previous submissions to RAN1 [1-6] raised some potential issues regarding the operation of CA-based Het Nets with range-expansion bias in the small cells. In Rel-10, it is already possible to use cross-carrier scheduling on the PDCCH to enable data to be scheduled on carriers on which the PDCCH suffers strong interference. For the PDSCH, the Rel-8 frequency-domain resource coordination techniques can be used to ensure data reception on multiple carriers. 
In RAN1#65, it was concluded that:

· Rel-10 CA-based HetNet with cross-carrier scheduling works with moderate CRE biases (up to at least 6dB)

· Operation with larger biases should be studied in Rel-11 in the context of the CA WI.
The latter conclusion was confirmed in RAN#52: Operation of CA-based HetNet with cross-carrier scheduling for larger CRE biases can be studied with the CA Enhancements WI.
In this paper we discuss these aspects. 
2 Discussion
A typical scenario is shown in Figure 1. A macro cell and pico cell both operate using carriers f1 and f2. The macro-eNB uses f1 as the PCell, and the PDCCH on f1 is used for cross-carrier scheduling of PDSCH data on f2. The pico-eNB uses f2 as the PCell, and the PDCCH on f2 is used for cross-carrier scheduling of PDSCH data on f1.
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Figure 1 Typical CA based HetNet scenario
The first question is whether CRE biases are useful above 6dB, and if so, to what level. Analysis in [7] shows that CRE up to 15dB can deliver useful system gains, provided that suitable mechanisms are in place to handle the control signalling. 
In order to support  cell range expansion (CRE) biases in the range 6-15dB, the UE needs to be capable of performing cell search for pico cells in the region of large range expansion.  Thus, it is expected that the UE will have to at least detect at -6 to -15 dB.  This is a generic problem for CRE and not only for CA based eICIC.  The next question relates to the cell search performance to detect the pico cells: 

· Rel-8/9/10 UE performance requirements will typically not allow satisfactory detection of PSS/SSS and PBCH at biases significantly greater than 6dB.
· Therefore if large CRE is to be used for CA-based Het-Net, some solution is needed to enable cell detection. 

· Possible solutions could include:

· New UE performance requirements for detection of PSS/SSS/PBCH down to -15dB (e.g. based on interference cancellation). Note that this would mean that the system would only be able to benefit from large CRE in the case of Rel-11 UEs; Rel-10 UEs would be limited to maximum CRE of around 6dB.
· Reduce the macro-eNB common channels and CRS transmit power on f2. This could enable Rel-10 UEs to participate in the extra CRE region, but note that this would result in smaller macro coverage for f2 than f1, which may not be desirable. 
If new UE performance requirements are provided in Rel-11 for detection of PSS/SSS/PBCH down to -15dB, this would solve the issue for all the CA scenarios 1-5 (see Annex J of TS36.300) considered in Rel-11 and we see no further issue to be solved for CA-based Het-Net for Rel-11 UEs. 

· Therefore, further consideration is only useful if new UE performance requirements are not provided in Rel-11 for detection of PSS/SSS/PBCH down to -15dB, and it is nevertheless desired to support large CRE by using unbalanced coverage between macro CCs.

If new UE performance requirements are not provided in Rel-11 for detection of PSS/SSS/PBCH down to -15dB, and it is nevertheless desired to support large CRE by using unbalanced coverage between macro CCs, some issues would exist as follows [1-3]:
· A UE in the large CRE region may be unable to achieve or maintain synchronization on f1;
· A UE in the large CRE region may be unable to determine the CP length in the conventional way.

In view of the fact that the consideration here relates to small cells:

· It is highly unlikely that the reception timing of one CC will be outside the CP of another CC, even in the inter-band aggregation case. 
· Therefore it is reasonable for the UE to assume that, if it cannot detect an SCell that it is instructed to aggregate, it can use the PCell as the synchronization reference.

· We do not see a practical use case for using different CP lengths on different CCs of a pico-eNB.

· Therefore it is reasonable for the UE to assume that, if it cannot detect an SCell that it is instructed to aggregate, the CP length of the SCell is the same as the CP length of the PCell.

3 Conclusions

From the discussion above, we conclude as follows:

1. If large CRE (6-15dB) is to be used for CA-based Het-Net, new UE performance requirements should be provided for detection of PSS/SSS/PBCH down to -15dB. We then see no further issue to be solved for CA-based Het-Net for Rel-11 UEs, for all the CA scenarios 1-5.

2. Further discussion would only be relevant if new UE performance requirements are not provided in Rel-11 for detection of PSS/SSS/PBCH down to -15dB, and it is nevertheless desired to support large CRE by using unbalanced coverage between macro CCs; in this case, it could be specified that if a UE cannot detect an SCell that it is instructed to aggregate, it shall:

a. use the PCell as the synchronization reference, and 

b. assume that the CP length of the SCell is the same as the CP length of the PCell.
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