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1. Background
In RAN1 58bis meeting, the followings were agreed for PCFICH design in LTE-A:
Conclusions:

· Independent control region size per CC

· On any carrier with a control region, re-use Rel-8 design (modulation, coding, mapping) for PCFICH
· no decision taken on interpretation of fourth unused codeword

2. HARQ Buffer Corruption Problem in Cross-Carrier Scheduling
In the cross-carrier scheduling scenarios, a component carrier (CC) which carries a PDCCH can be different from a CC in which the corresponding PDSCH is transmitted. Based on the agreement in RAN1 58bis, each CC should have an independent control region size, which informs to UEs by control field indicator (CFI) in PCFICH. Therefore, if a PCFICH detection error occurs in the PDSCH CC, the buffered PDSCH data is not valid and will corrupt a HARQ combining process.
In Rel-8/9, a missing packet can exist in case of UL NACK-to-ACK error, DL grant missing to UL ACK error, and PDCCH false alarm, where all these events are designed to have a lower probability than 1e-4, and accordingly, the HARQ buffer corruption barely exists due to protection mechanisms such as new data indication (NDI) and redundancy version (RV) in DCI formats. However, in cross-carrier scheduling, LTE-A UEs can experience the HARQ buffer corruption more frequently than in Rel-8/9 because the above 10 % of UEs at the cell edge can have PCFICH error probabilities larger by far than 1e-4 [1][2], and a PCFICH error can directly cause the HARQ buffer corruption.

3. Problems in the Implementation-Based Approach
There could be two ways to solve this PCFICH false detection problem in the PDSCH CC; 1) implementation-based and 2) standardization-based ways. The implementation solutions can be categorized into two options and total four sub-options as shown in the followings:
· Option 1: Avoidance by eNB controls 
· Option 1a: No cross-carrier scheduling to UEs in poor SINR conditions
· Option 1b: Power boosting on PCFICH in the PDSCH CC
· Option 2: Avoidance by UE operations
· Option 2a: Blind decoding of PDSCH on every possible CFI values

· Option 2b: Buffer flushing in case of PDSCH decoding error
In the Option 1, an eNB avoids PCIFCH false detection from smart scheduling or power boosting of PCFICH in the PDSCH CC, while UEs execute multiple hypothesis tests for all CFI cases or flush the HARQ buffer with a PDSCH decoding error in the Option 2. 
The common merit of these implementation-based approaches is no additional standardization effort. However, an application range of cross-carrier scheduling and power distribution among PDCCH, PHICH, and PCFICH will be restricted in the Options 1a and 1b, respectively [3][4][5]. Too much complexity/latency burden and the performance degradation on the DL data and control channels are introduced to LTE-A UEs in the Options 2a and 2b, respectively [5]. Thus, efficient and feasible solutions from standardization approaches seem to be necessary.
4. Candidate Solutions in the Standardization Approach
Here, two options can be defined in the previously proposed standardization-based solutions so far; 1) PDSCH starting point indication method and 2) CFI coordination/restriction method. The CFI indication method, which is called Option 3, can have two sub-options and three detailed options in the Option 3b as follows:
· Option 3:  CFI-related information of the PDSCH CC to corresponding UEs
· Option 3a : Implicit indication
· The PDCCH is CRC-masked or scrambled with a CFI-related sequence plus an UE-ID. 

· Option 3b : Explicit indication 
· Option 3b-1 : Through another separate signal or existing Rel-8 channels 
· The CFI-related information of the PDSCH CC is informed by UE-common channel, e.g., PHICH or CCEs for PDCCH. 

· Option 3b-2 : Through high-layer signaling 
· The PDSCH under cross-carrier scheduling is transmitted on only one of CCs predetermined by high-layer signaling. The pre-determined component carriers may have time-invariant CFI or PDSCH region.

· Option 3b-3 : Through PDCCH on a scheduling CC 
· The CFI-related information of the PDSCH CC is explicitly transmitted by PDCCH on the PDCCH CC.
It is common understanding that LTE-A system should have advanced features and improved performance compared to Rel-8/9 systems. The Option 3a is a simple one that can minimize standardization impacts and reduce additional signaling overhead. However, the CRC-masking or scrambling of the PDCCH with an additional CFI-related sequence could result in waste of UE IDs compared to the Rel-8/9 systems [4][6][7]. 
Among three detailed options in the Option 3b, the Option 3b-1 [7] could have the same problem as the Option 3a because it could increase a code rate of existing control channels, e.g., PDCCH, PHICH, or other channels, when resource for CFI-related information is borrowed from PHICH resources or CCEs for PDCCH. In addition, there could be scheduling restriction on PDSCH due to borrowing of PHICH resource or CCEs for PDCCH. 
The Option 3b-2 [5] can be one of the alternatives, but the merit of cross-carrier scheduling can be dwindled due to limitation of dynamic scheduling. On the other hand, the dynamic scheduling can be still performed in the Option 3b-3 [5][7][8] because the CFI-related information of the scheduled CC is carried by the corresponding PDCCH in the PDCCH CC. Moreover, since the false detection possibility of the CFI-related information is tied with the corresponding PDCCH decoding error and is confirmed by CRC check, consequent false operations derived from the false detection of CFI-related information can be avoided. One drawback of the Option 3b-3 is necessity of additional signaling resource of 1~2 bits. 
Proposal 1: The explicit indication of the CFI-related information through PDCCH is preferred in the cross-carrier scheduling.
The fourth option, which is the CFI coordination/restriction method, can be categorized as follows:

· Option 4: Coordination or restriction in CFI of the PDSCH CC
· Option 4a : Identical or smaller CFI of the PDSCH CC than the PDCCH CC 
· The PDSCH CC has the same or a smaller CFI than of the PDCCH CC.  

· Option 4b : Predetermined PDSCH start symbol in the PDSCH CC
· The mapping of resource elements for cross-carrier scheduled PDSCH starts, for example, on the 4th OFDM symbol (or the 5th for system BW of 6RBs) or from the last OFDM symbol.

The main difference between Options 4a [9] and 4b [10] is whether there is an impact on Rel-8 LTE UEs or not. In the Option 4a, the size of control region in the PDSCH CC should be set to the same or smaller than in the PDCCH CC even though other LTE UEs in the PDSCH CC could operate with another CFI. Therefore, Option 4a yields scheduling restriction or backward compatibility issue. In addition, Option 4a causes RE waste when the CFI value of the PDSCH CC is set unnecessarily large for the alignment with PDCCH CC.
On the other hand, for example, the Option 4b sets the PDSCH start symbol as 4th OFDM symbol (or the 5th for system bandwidth of 6 RBs) regardless of actual CFI in the PDSCH CC. Thus, there is no backward compatibility issue and no additional signaling while RE waste occurs due to the fixed starting point as in Option 4a. In order to avoid RE waste, wrap-around mapping or reverse mapping of PDSCH can be applied [10]. 
Proposal 2: If proposal 1 is not acceptable, the predetermined start symbol of the cross-carrier scheduled PDSCH is preferred in the cross-carrier scheduling.
5. Conclusion

We categorized possible solutions for PCFICH false detection problem in the cross-carrier scheduling as follows:
· Option 1: Avoidance by eNB controls 
· Option 1a: No cross-carrier scheduling to UEs in poor SINR conditions

· Option 1b: Power boosting on PCFICH in the PDSCH CC

· Option 2: Avoidance by UE operations
· Option 2a: Blind decoding of PDSCH on every possible CFI values

· Option 2b: Buffer flushing in case of PDSCH decoding error
· Option 3:  CFI-related information of the PDSCH CC to corresponding UEs

· Option 3a : Implicit indication
· The PDCCH is CRC-masked or scrambled with a CFI-related sequence plus an UE-ID. 

· Option 3b : Explicit indication 
· Option 3b-1 : Through another separate signal or existing Rel-8 channels 
· The CFI-related information of the PDSCH CC is informed by UE-common channel, e.g., PHICH or CCEs for PDCCH. 

· Option 3b-2 : Through high-layer signaling 
· The PDSCH under cross-carrier scheduling is transmitted on only one of CCs predetermined by high-layer signaling. The pre-determined component carriers may have time-invariant CFI or PDSCH region.

· Option 3b-3 : Through PDCCH on a scheduling CC 
· The CFI-related information of the PDSCH CC is explicitly transmitted by PDCCH on the PDCCH CC.
· Option 4: Coordination or restriction in CFI of the PDSCH CC

· Option 4a : Identical or smaller CFI of the PDSCH CC than the PDCCH CC 
· The PDSCH CC has the same or a smaller CFI than of the PDCCH CC.  

· Option 4b : Predetermined PDSCH start symbol in the PDSCH CC
· The mapping of resource elements for cross-carrier scheduled PDSCH starts, for example, on the 4th OFDM symbol (or the 5th for system BW of 6RBs) or from the last OFDM symbol.

Our preference is one of these standardization approaches as follows:
Proposal 1: The explicit indication of the CFI-related information through PDCCH is preferred in the cross-carrier scheduling.
Proposal 2: If proposal 1 is not acceptable, the predetermined start symbol of the cross-carrier scheduled PDSCH is preferred in the cross-carrier scheduling. 
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