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1 Introduction

In RAN1 #58bis meeting, about PCFICH design for LTE-A, it was agreed that:
· 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

In case of cross-carrier resource assignments, the question of cross-carrier control region indication remains:

· Handled as implementation matter?
· Standardized solution – indication on CC carrying resource indication?
In this contribution, we consider the two options and propose a PDCCH based solution. 
2 Discussion
When cross-carrier scheduling is performed (PDSCH and the corresponding PDCCH are not located on the same carrier), HARQ buffer corruption may happen due to the PCFICH detection error on the scheduled carrier and will trigger ARQ process. From the viewpoint of the consequence (i.e. triggering ARQ process), the desired probability of PCFICH detection error may be similar to that of UL NACK->ACK (i.e. 1e-4). Furthermore, when PCFICH detected by error, it’s quite possible that the following retransmissions will go on until maximum retransmission times reaches and cause resource waste. PCFICH detection error occur generally for UEs in poor SINR condition which often require large resources both in control and data region, which makes PCFICH detection error even worse than UL NACK -> ACK. An effective method is needed to handle this problem.
2.1  Implementation approach

Possible implementation approaches include:

· Approach1: Cross-carrier scheduling is not applied to UEs in poor SINR conditions.
Assuming the target PCFICH error rate is 0.01%, there may be quite a few of UEs in the cell could not attain the required SNR, as illustrated in [1]. This will put a restriction on scheduling flexibility. Furthermore, in heterogeneous network deployments, transmitting the control (including CFI) reliably on one carrier to perform cross-carrier scheduling will help to handle the bad interference conditions. Restriction on scheduling may degrade the benefits brought by CI and cause efficiency loss. 
· Approach2: PCFICH power boosting 
Power boosting of PCFICH may help to reduce PCFICH detection error rate. However, currently power boosting is limited (e.g. a maximum of 4 dB) and it can not be guaranteed suitable for all deployment scenarios especially in large cell deployment case, given the relative high demanding target PCFICH error. Besides, higher power boosting not only cause more severe interference between the cells, but also degrades the performance of PDCCH and PHICH due to the power borrowing, so power boosting may not be a universal solution to handle the problem.
From the above discussion, it can be seen that implementation approach can not provide a universal solution robust to all deployment scenarios. 
2.2  Standardised solution 
Indication on CC carrying resource indication has several options:
· Option 1:PDCCH based

The CFI value of the carrier upon which the PDSCH transmitted is conveyed by the corresponding PDCCH in an explicit or implicit method. In explicit method, 2 bit CFI indicator field is incorporated with the CI field in DCI format. It is possible to reduce the signaling overhead by jointly encoding the CI and CFI value. For example, assumed a fixed 3 bit CI field is applied, 1extra bit plus the CI bits can indicate the CFI value of up to 5 carriers. In the implicit method, CFI-based CRC masking can be used [2].this method needs restriction on UE ID assignment to avoid possible UE ID collision and will increase the PDCCH false alarm probability. So the implicit method is less desirable as explicit method.
Although the payload size of DCI format is further increased (at most by two bits), the degradation to PDCCH performance caused by this adding bit(s) will be quite small. The problem caused by PCFICH detection error in cross-carrier scheduling can be eliminated. 
· Option 2: Cross-carrier PCFICH and PCFICH based PDCCH CRC scrambling 
Each cross-carrier grant is scrambled by the corresponding DL carrier PCFICH value in addition to cross-carrier PCFICH for each DL carrier being transmitted on the anchor carrier [3]. However, in case the Cross-carrier PCFICH is detected by error, PDCCH CRC scrambling by a wrong CFI may possible lead to another UE ID CRC checking pass. So restriction on UE ID assignment is still necessary to avoid possible UE ID collision or otherwise increasing the false alarm probability.

Besides, the resource for cross-carrier PCFICH mainly has two options [3]:
· The actual resource used for the non-anchor PCFICH are the unused REGs after the anchor PCFICH/PHICH/PDCCH, and/or the last CCE(s) for PDCCH, or on specific PHICH configured resources. However, this option may have some disadvantages:
· Increasing static extra overhead, in case many cross-carrier PCFICHs needed will be problematic
· Causing scheduling flexibility loss due to backwards compatibility requirement 
· Cross-carrier PCFICH conveyed in data region
· Puncture in data region may result in performance loss, especially when many cross-carrier PCFICHs is needed
Based on the discussion above, we think the CFI indicator field incorporated with the CI field in DCI format is preferable solution to the problem. 
3 Conclusion
In this contribution, we analyze some possible options for cross-carrier control region indication and proposed:
· A CFI indicator field should be incorporated with the CI field in DCI format when cross-carrier configured.
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