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1 Introduction

In the previous meetings, it was decided to have one transport block per component carrier (CC) when multiple CCs are aggregated. The following work focus about carrier aggregation for RAN1 is the control channel design, in which the PDCCH design is of great importance and there are mainly two issues for this topic, namely the encoding issue and the mapping issue [1]. In this contribution, some further considerations for the PDCCH design are given, and our preference is provided.
2 PDCCH encoding issue
As stated in [1], the joint PDCCH scheme can be divided into the dynamic size one where the payload size varies according to the number of scheduled CCs and different DCI formats, and the fixed size one where the payload size is based on the number of semi-static monitored CCs. For the former, an obvious demerit is that, multiple jointly encoded DCI formats lead to a large number of blind PDCCH detections, and it would be even larger, which maybe increases exponentially with the number of CCs, when different transmission modes are adopted among multiple CCs. 
The dynamic two-step PDCCH structure is proposed to reduce the blind detections and PDCCH overhead, especially for the joint PDCCH　scheme [2][5][7][8], but there is a vital problem that, the reliability of the first-step PDCCH needs to be definitely robust, and the overhead of the first-step PDCCH also needs to be considered [3][9][10]. 
In this section, some further discussions are given for the separate and the fixed size joint PDCCH (called joint PDCCH below) schemes from several aspects such as overhead, blind detection and so on.
2.1 PDCCH overhead
The joint PDCCH scheme can reduce the PDCCH overhead by using one CRC for multiple DCI formats, but the overhead may be large when the number of the scheduled CCs is smaller than that of the semi-static monitored CCs, and is not just simple payload size calculation as [4] has provided. Several approaches to further reduce the overhead for the joint PDCCH scheme have been discussed, including:
· The granularity of resource allocation can be made larger [4][5][6], however, it is unclear how much impact it would be on the system/user throughput. 
· Dynamic two-step PDCCH structure can be used [2][5][7][8], in which the first-step PDCCH indicates the scheduled CCs, and the similar reliability problem for the first-step PDCCH exists as stated in the beginning of section 2.
For the separate encoding PDCCH scheme, the PDCCH overhead scales linearly with the number of scheduled CCs, which may be acceptable because the overhead also increases linearly with the scheduled service data because carrier aggregation is mainly used for high data rate transmission.
2.2 Blind PDCCH detection

As mentioned in section 2, the fixed size joint PDCCH is encoded according to the number of semi-static monitored CCs, and different DCI formats can be used among multiple CCs, especially when different transmission modes are adopted. Therefore, the number of blind detections for the joint PDCCH scheme is not always low for all the cases.
The blind detections for the separate PDCCH scheme scale linearly with the number of semi-static monitored CCs for the UE, which may be acceptable taking the increased UE capability into account. For the other hand, the methods to reduce the blind detections could also be considered, especially considering power consumption.
2.3 PDCCH blocking probability
For the search space design, it has been proposed that the CCEs of the joint PDCCH should follow a fixed mapping relation to restrict blind detections when the joint PDCCH is located on multiple CCs [3], and this relation also exists in the case of the joint PDCCH located on one specific CC. In another word, the joint PDCCH scheme loss some flexibility compared to the separate PDCCH scheme in which the CCE location is independent among multiple CCs, so the blocking probability of the joint PDCCH scheme would increase. 
2.4 Standardization work

The joint PDCCH scheme may introduce some larger CCE levels than that of LTE Rel-8 to guarantee the PDCCH performance, and there may be other trivial design such as some new DCI formats, which would impact the compatibility and the standardization work accordingly.
For the separate PDCCH scheme, most of LTE Rel-8 design can be directly reused, therefore, it can minimize the standardization impact compared to the joint PDCCH scheme.
2.5 Uplink feedback issues
From the uplink feedback point of view regarding the joint PDCCH scheme, 
· The number of DTX states can be reduced (there is always only one DTX), from which the uplink feedback related issues could benefit. 
· As stated in [3], some restrictions on CCE aggregation level could be expected if N CCEs are required to provide N ACK/NACK channels for multiple ACK/NACK feedback, however, this kind of restriction may never occur because the payload size of joint PDCCH is probably larger than that of separate PDCCH, which results in a larger CCE level accordingly.
For the separate PDCCH scheme, one or more PDCCH(s) may be missed, so multiple DTX states may occur. However, the increased DTX states may be a minor issue, and similar solutions as done in LTE Rel-8 TDD multiple ACK/NACK scheme can be adopted to deal with it.
In conclusion, taking the above several aspects into considerations, the separate encoding PDCCH scheme is preferred, and the methods to reduce the blind detections could also be considered.
3 PDCCH mapping issue
In section 2, it is shown that the separate encoding PDCCH scheme is preferred, and in this section the PDCCH mapping issue based on this assumption is studied, including:
· Option 1: a PDCCH is located on the same CC with the corresponding PDSCH.

· Option 2: PDCCHs are located on one specific CC.

3.1 PDCCH resource allocation impact
For option 2, three problems are provided below:

· PDCCH blocking probability:

A larger number of CCEs for the PDCCHs would put some restrictions on the scheduler to avoid collisions for the PDCCH candidates from different UEs, so the PDCCH blocking probability would increase accordingly. It may be considered not a big problem when PDCCHs of the UE are located on one UE-specific CC, but the load balance scheme needs to be established carefully. So option 1 also slightly outperforms option 2 from the PDCCH blocking probability point of view.
· Power/interference balance among multiple CCs:

In the case where some UEs reside in cell edge, many sub-carriers may need large transmit power for these UEs. As a result, if the total transmitter power is constant on that specific CC, there may remain low available power for other PDCCH transmission on that specific CC. Furthermore, it would also lead to the power/interference imbalance among multiple CCs sometimes unless the load balance scheme is established carefully.
· Additional PDCCH bits for carrier index:

In [11], it is proposed that one PDCCH transmitted from one CC can be used to schedule resources on other CCs, and this would always require additional PDCCH bits as carrier index to map each PDCCH to the data transmission on the respective CCs, which would bring an unnegligible PDCCH overhead.
From above point of view, option 1 is the straightforward scheme for the PDCCH mapping issue.

3.2 PCFICH identification
For option 1, the PDCCH detection can be used for the identification of PCFICH detection, that is, if the PDCCH is detected correctly, then the PCFICH is also correctly identified, so the impact from PCFICH detection error is the same as LTE Rel-8, and may be not a big problem.
For option 2, if PCFICH detection error occurs on those CCs which don’t have a PDCCH transmission, UE will not detect the correct start OFDM symbol of PDSCH in that subframe. As a result, UE will store some unmeaningful data in the buffer and feedback NACK, which may bring some further errors to the subsequent HARQ combinations.
3.3 Power saving

If the delay for the switching among CCs is not allowed, the power saving cannot be achieved for option 2, because the UE has to receive the PDSCHs on those semi-static monitored CCs meanwhile.
Otherwise if the delay for the switching among CCs can be tolerant, the dynamic two-step PDCCH structure would be used for the power saving by letting the UE monitor the scheduled CC(s) in a dynamic way. In another word, the first-step PDCCH on one specific CC can be used to indicate the dynamic scheduled CC(s) for the UE, but the reliability of the first-step PDCCH needs to be definitely robust which may be a difficult problem.
From the power saving point of view, option 1 is the better choice with the indication of semi-static monitored CCs to the UE, and the dynamic two-step PDCCH structure cannot be accepted for the reliability related problems.
In conclusion, taking the above aspects into considerations, option 1 is the more reasonable solution for the PDCCH mapping issue.
4 Conclusion 
In this contribution, the PDCCH encoding and mapping issues are analyzed from different points of view, which can be concluded as follows:
· Proposal 1: the PDCCHs should be separately encoded and the methods to reduce the blind detections could also be considered.
· Proposal 2: a PDCCH should be located on the same CC as the corresponding PDSCH.
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