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1. Introduction

At the RAN1#58 meeting, the following way forward [1] was agreed as the baseline. 
· PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH resources on a single linked UL component carrier
· No carrier indicator field
· i.e. Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) and DCI formats
· PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field
· Rel-8 DCI formats extended with 1 – 3 bit carrier indicator field
· Reusing Rel-8 PDCCH structure (same coding, same CCE-based resource mapping)
· Solutions to PCFICH detection errors on the component carrier carrying PDSCH to be studied
· In both cases, limiting the number of blind decodings is desirable
Furthermore, it was agreed that the presence or not of the carrier indicator (CI) field is semi-statically enabled. This contribution describes our view on PCFICH detection error.
2. Solution to PCFICH Detection Error
Although we consider that there is a potential advantage to using a CI, the demerit is that the PCFICH errors occur as discussed in [1] and [2]. More specifically, an erroneous PDSCH decoding due to erroneous PCFICH detection at the UE causes severe error propagation in the subsequent HARQ combining, which results in HARQ buffer corruption. Therefore, solutions addressing the PCFICH detection error should be studied in addition to the actual gain by introducing the CI.

2.1. Candidates of Solutions
This section gives possible methods for addressing the PCFICH detection errors.
· PCFICH error protection in PDCCH
In this method, the CFI value in the assigned component carrier (CC) is explicitly or implicitly transmitted in the PDCCH as shown in Figs. 1. 
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(a) Explicit method
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 (b) Implicit method using CFI-based CRC masking 
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(c) Implicit method using CFI-based scrambling

Figure 1 – PCFICH error protection in PDCCH 

As shown in Fig. 1(a), in the explicit method, the CFI value in the assigned CC is transmitted in the additional field in DCI format. Although the number of bits in the new DCI format is further increased by about two bits in addition to the one to three CI bits, the PCFICH error is eliminated. Furthermore, it is possible to reduce the signalling overhead by jointly encoding the CI and CFI value. 
In the implicit method using CFI-based CRC masking as shown in Fig. 1(b), the CRC is masked with the CFI value in the assigned CC in addition to the UE-ID. Although the number of bits in the DCI format is not increased, the UE-ID may collide with another UE-ID. Figure 2 shows one example, where CRC masking is performed with (UE-ID + CFI value in the assigned CC – 1). As shown in the figure, when the UE-ID is assigned in sequential order as UE A, B, and C, the CRC mask of these three UEs may collide when different CFI values are used for different CCs. In this case, the UE may decode the PDSCH dedicated to different UEs. In order to avoid this error, a UE-ID that is separated by at least three IDs must be assigned such in the case of UE D and E. Therefore, in the implicit method, the UE-ID should be selected based on this restriction.
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Figure 2 – CRC mask collision in the implicit method in Fig. 1(b)
As shown in Fig. 1(c), the other implicit method is CFI value-based scrambling, which is performed after channel coding. Although there is no restriction on the UE-ID allocation and no increase in the DCI format, the demerit to this method is that the number of times blind decoding must be performed is increased.
· PCFICH error detection at eNode B
In this method, a PCFICH error is detected at eNode B. When the eNode B detects the PCFICH error, the eNode B retransmits the same packet to the UE with the toggled new data indicator (NDI). After receiving the toggled NDI, the UE flushes the soft buffer that includes the PCFICH error to avoid HARQ buffer corruption as illustrated in Fig. 3.
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Figure 3 – PCFICH error detection at eNode B
In order to detect the PFCICH error at the eNode B, the UE modifies the ACK/NACK resources or modulation according to the CFI value in the assigned CC. Figures 4 shows one example. In the Rel.8 LTE, the dynamic ACK/NACK resource is linked to the first CCE index [3] as shown in Fig. 4(a). When CCE aggregation is used, there are unused ACK/NACK resources especially for four or eight CCE aggregation. Therefore, by defining the dynamic ACK/NACK resources using the CFI value in the assigned CC in addition to first CCE index, the CFI value can be fed back. Figure 4(b) shows one example. In the example, the dynamic ACK/NACK resource is defined as (first CCE index + mod (CFI value – 1, CCE aggregation)). One demerit to the method is that the CFI value can not be fed back when one or two CCE aggregation is used as shown in Fig. 4(b), which is not desirable when the CC channel conditions of the PDSCH transmission are worse than those for PDCCH transmission. This situation occurs in, e.g., heterogeneous networks. Another demerit is that we need to consider a method for treating the misdetection of CFI feedback.  
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(a) Rel. 8 LTE
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(b) Modified scheme

Figure 4 – Example of feedback method of decoded CFI
· Other methods

The following other methods are also candidates. 

1. Common PCFICH value between CCs

2. Semi-static control of first OFDM symbol for PDSCH mapping, e.g., 4th OFDM symbol
3. Minimization of the influence of PCFICH error: PDSCH always starts from the 4th OFDM symbol to 14th OFDM symbol and 3rd and 2nd OFDM symbols afterward [4]

4. PCFICH power boosting
The merit of the first and second method above is a simple structure without PCFICH error. However, the demerit is throughput degradation due to a large overhead. By employing the third method, even if the PCFICH error occurs, HARQ buffer corruption can be limited at a maximum of two OFDM symbols. The demerit to the third method is a possible increase in the decoding delay. Although the fourth method is simple, currently power boosting is limited to a maximum of 4 dB and careful investigation is necessary.
2.2. Discussion 
Among the schemes listed in Section 2.1, we do not support the methods that will cause significant degradation in throughput such as using the common PCFICH value between CCs or semi-static control. Among the other methods, we currently prefer the PCFICH error protection PDCCH method, since it can avoid PCFICH error without a significant degradation in throughput.
3. Conclusion

In this contribution, we presented our views on PCFICH detection error handling when CI is enabled in carrier aggregation. 
· We do not support the methods that will cause significant degradation in throughput such as using the common PCFICH value between CCs.
· We currently prefer the PCFICH error protection PDCCH, since it can avoid the PCFICH error without a significant degradation in throughput.
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