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1. Introduction
On PDCCH design for carrier aggregation in LTE-A system, it was agreed in RAN1#58 meeting [1] that a PDCCH in one component carrier can assign resources in another carriers with the use of carrier indicator field (CIF). However, as analyzed in [2], if a cross-carrier scheduled UE succeeds in the reception of PDCCH in the PDCCH carrier but failed to decode the PCFICH in the PDSCH carrier, the UE will store wrong data in its buffer and HARQ combing error may happen. In this contribution, we discuss the PCFICH detection error problem.
2. Discussion
2.1. PCFICH detection error problem in homogeneous network
It has been pointed out in [2] that the PCFICH detection error problem may be serious as some users (e.g. users in cell edge) cannot meet the requirement of PCFICH detection performance. However, power boosting can be used to improve the performance of the control channel. Therefore, in homogeneous networks, reliability of PCFICH can be guaranteed for most of the UEs. Furthermore, in homogeneous network deployment, reasonable scheduler implementation can guarantee that different component carriers have the similar interference level. Given that Rel-8 PCFICH performance requirement is 0.1%, the PCFICH detection error with cross carrier scheduling can be treated as a NACK-to-ACK error and higher layer ARQ can be used to recover the lost packet. Hence, the throughput degradation due to PCFICH detection error with cross carrier scheduling is not expected to be severe in homogeneous networks. 
Note that cross carrier scheduling can be applied in homogeneous networks. For example, a carrier aggregated system comprises two carriers in two bands. The pathloss or channel condition on different carriers may be different. It is possible to employ cross carrier scheduling such that more PDCCHs are transmitted on the carrier with good channel condition. However, it does not necessarily mean that PCFICH cannot be reliably detected on the other carriers. In this case, a UE with cross carrier scheduling can detect the CIF value on the PDSCH carrier. 
2.2. PCFICH detection error problem in heterogeneous network
One of the major advantages of cross-carrier design is interference mitigation in heterogeneous networks. In heterogeneous networks, due to the existence of multiple local stations (e.g. hotzone, pico, femto), the interference will be much more dynamic than in homogeneous networks. With cross-carrier scheduling, the interference can be mitigated. However, the channel condition on the PDCCH carrier and the PDSCH carrier may be quite different, i.e. the PDSCH carrier may suffer from much more severe interference than the PDCCH carrier. This could lead to performance degradation caused by PCFICH false detection on the PDSCH carrier. 

To determine whether the PCFICH detection error problem exists in PDSCH carrier, the detection performance of both PCFICH and PDSCH shall be taken into account. Generally, the PCFICH is very robust with SINR requirement of -2 dB at 0.1% BER [3]. For PDSCH detection performance, the requirement for QPSK is around -1 dB [4]. In case ICIC is applied to the data channel, a SINR of -4 dB can be considered as the minimum required SINR for PDSCH reception. Hence, UEs with SINR between -4 dB to -2 dB may suffer from PCFICH detection error problem. From the CDF curve shown in Figure 1 (detailed simulation parameters in [5], no range expansion), about 6% of UEs have SINRs between -4 dB to -2 dB. For the case where range expansion (RE) is applied in heterogeneous network, the DL geometry CDF depends on the RE algorithm. In some cases, 10% users may suffer from PCFICH detection error problem.

[image: image1.emf]-10 -8 -6 -4 -2 0 2 4 6 8 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

SINR (dB) in Macro+Femto co-channel deployment scenario

CDF

SINR DL

 

 

MUE in Macro+Femto deployment

LUE in Macro+Femto deployment

UE in Macro+Femto deployment

UE in homogeneous network


Figure 1: DL SINR for co-channel Macro+Femto deployment
2.3. Possible solution to PCFICH detection error in case of cross carrier scheduling
It has been proposed in [6] that two methods can be considered to solve the PCFICH detection error problem:
· The CFI related information for the carrier(s) on which PDSCH is assigned may be signaled to the UE, or
· The UE may assume a predefined CFI value in case cross-carrier assignment is used.
In heterogonous networks, a UE with cross carrier scheduling anyway may not be able to reliably receive the signal in the first three or four OFDM symbols on the PDSCH carrier due to strong interference. Therefore, it is reasonable for these UEs to assume that CIF on the PDSCH carrier is always of the maximum value. On the other hand, since cross carrier scheduling can also be applied in homogeneous networks, a UE can be required to detect the PCFICH on the PDSCH carrier. Hence, we currently have the following proposal: 
Proposal: For a UE configured with cross carrier scheduling, higher layers can configure the UE to assume the maximum CIF value on a PDSCH carrier. In case higher layers do not provide such configuration to a UE, the UE shall decode the PCFICH on the PDSCH carrier.
3. Conclusion
In this contribution, we discuss the PCFICH detection error problem in both homogeneous and heterogeneous networks. We currently have the following proposal:
Proposal: For a UE configured with cross carrier scheduling, higher layers can configure the UE to assume the maximum CIF value on a PDSCH carrier. In case higher layers do not provide such configuration to a UE, the UE shall decode the PCFICH on the PDSCH carrier.
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