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1 Introduction

In RAN1 #59bis, conclusions on the PCFICH issues for cross carrier scheduling is agreed in email discussion:
· In case of cross carrier scheduling, a standardized solution will be supported to provide CFI to the UE for the carriers on which PDSCH is assigned. Details are FFS.

In this paper, several standardized solutions are analyzed and a preference given.

2 Scenarios for cross carrier scheduling
2.1 Scenarios of homogeneous network
As discussed in many contributions, there are several specific scenarios in homogeneous network that could adopt cross carrier scheduling, such as inter band carrier aggregation with large frequency separation, etc. However, power boosting can be used to improve the performance of the control channel，and reasonable scheduler implementation can guarantee that different component carriers have the similar interference level. Hence, the throughput degradation due to PCFICH detection error with cross carrier scheduling is not expected to be severe in homogeneous networks.
2.2 Scenarios of heterogeneous network 
Since heterogeneous network include different types of cells( macro cell, femto cell, etc), multiple local stations with low power will be interfered by macro cell, especially for PDCCH, which could not adopt ICIC, the cross carrier scheduling could solve this problem, just shown as figure 1. Here a pico cell is within the coverage of macro cell.
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Fig 1: Cross carrier scheduling in a heterogeneous network
However the PDSCH on CC1(f1) scheduled by pico cell may cause interference to the PDCCH on CC1 (f1) of macro cell, when macro UEs enter the coverage of pico cell. But if length of PDCCH on CC1 of pico cell is equal or larger than that of macro cell, the interference could be mitigated. Then there are two possibilities, the first is pico cell can know the length of PDCCH on CC1 of macro cell, for example, the macro cell signal it to all pico cells within its coverage, the second possibilities is that pico cell can never know the length of PDCCH on CC1 of macro cell. Different methods to solve the two different possibilities have been proposed in previous contributions as follows:
In case of the first possibility:
· Option1:UE is semi statically signalled the PCFICH of PDSCH carrier through higher layer signalling.

The drawback of this method is limitation of the resource utilization compared to dynamic indication. E.g. if the value of PCFICH on CC1 of macro cell is variable in every subframe, the effective PCFICH could not be updated soon, unless another RLC signaling is performed. Such restrictions on the scheduling may cause waste of resource in control region.
On the other hand, there is little possibility for macro cell dynamically signaling length of PDCCH on CC1 to all pico cells every subframe, so we think option1 should be well considered.
· Option2:UE is dynamically signalled the PCFICH of PDSCH carrier by joint coding the PCFICH and carrier index field (CIF) with 3 bit.
This method can dynamically adapt the control region, but it can only support at most 3 co scheduled carrier for the limitation of 3bit, as R10 design supports up to 5 DL CCs agreed in RAN1#58bis, for the other 2 CCs, there are several other options such as by semi statically signalling, assuming the same value as PDCCH carrier.
· Option3:UE is implicitly signalled the PCFICH of PDSCH carrier by CRC mask, the same way as the transmit antenna selection mask in Rel-8
This method can also make the control region dynamically adapted, however this method will limit the UE-ID space and increase the false detection probability.
In case of the second possibility:

· Option1:UE assumes the maximum PCFICH of 3 or 4 (small bandwidth) on PDSCH carrier through higher layer signalling.

Since the PCFICH of macro can not be known by pico, and the interference of CC1 on pico is very high, it seems better to assume the maximum PCFICH on PDSCH carrier to detect PCFICH more reliably.
· Option2:UE assumes the same value of PCFICH on PDSCH carrier with the PDCCH carrier.

The interference situation of PDSCH carrier and PDCCH carrier is quite different, because the PDSCH carrier is interfered by macro cell, and the PDCCH carrier has no macro cell interference, it is undesirable to adopt the same value of PCFICH.

From above analysis, in case of that pico cell can know the length of PDCCH on CC1 of macro cell, UE is semi statically signalled the PCFICH of PDSCH carrier are more preferred, in case of pico cell can never know the length of PDCCH on CC1 of macro cell, UE assumes the maximum PCFICH of 3 or 4 (small bandwidth) on PDSCH carrier through higher layer signalling is more preferred.
3 Conclusion

In this contribution, the scenarios for cross carrier scheduling and several standardized options to solve the PDCCH interference have been analyzed, and our proposals are given as following:
In case of that pico cell can know the length of PDCCH on CC1 of macro cell, UE is semi statically signalled the PCFICH of PDSCH carrier are more preferred. 

In case of that pico cell can never know the length of PDCCH on CC1 of macro cell, UE assumes the maximum PCFICH of 3 or 4 (small bandwidth) on PDSCH carrier through higher layer signalling is more preferred.
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