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1 Introduction

At the RAN1#57 meeting, on the PDCCH design principle for carrier aggregation aspect [1]-[4] it was decided that 
· Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bit.
· In case of 0 bits, no carrier indicator.
Therefore, while the separate coding PDCCH scheme is accepted, the PDCCH mapping issue is still FFS. In this paper, some further considerations for the PDCCH mapping issue are given based on the following options:
· Option 1a: one PDCCH is only associated with a PDSCH on the same CC.

· Option 1b: one PDCCH is associated with a PDSCH on the same or different CC.

2 PDCCH mapping issue
2.1 PCFICH identification
For option 1a, it is reasonable to expect that independent PCFICH values corresponding to multiple CCs are adopted to efficiently utilize the control channel resource. Then, if a PCFICH detection error occurs on one CC, the PDCCH decoding would fail on just this CC accordingly, resulting one PDCCH DTX state. 
However, for option 1b, if a PCFICH detection error occurs on those CCs where one UE’s PDCCHs are not transmitted, that UE could not detect the first OFDM symbol of PDSCH correctly. As a result, the UE stores some incorrect data in the buffer and will feedback NACK, which may propagate errors through subsequent HARQ combining. 
2.2 Need of carrier index bits
For option 1b, it would always require carrier index (CI) bits to map each PDCCH to the data transmission on the respective CC, which would bring an additional PDCCH overhead. There are two methods for adding CI bits, which can be variable and invariable. For the variable method, the number of added CI bits is according to the number of semi-static monitored CCs for the UE, leading to multiple payload sizes for one DCI format which may bring some negative impacts to DCI format ambiguous sizes handling. While for the invariable method with maximum 3 CI bits, a fixed size of CI bits is added, and this may bring some redundant bits especially when the UE only monitors a small number of CCs. From another perspective, maybe some restrictions need to be considered for adding CI bits, and then the CI bits can be added for some specific scenarios such as in the UL_grant(s) when asymmetric carrier aggregation with more UL CCs than DL CCs occurs, which would be analyzed in Section 2.6.
For option 1a, no CI bits are needed.
2.3 PDCCH blocking probability
For option 1b, 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. In another word, the PDCCH blocking probability would increase, which may be considered not a big problem when PDCCHs of the UE could be located on one UE-specific CC with the assumption of good load balance, but it needs to consider the load unbalance in the control region which maybe occurs for a time instant. Additionally, the PDCCH search space design maybe needs to be considered accordingly.
For option 1a, load balance can be easily achieved, and the PDCCH blocking probability is similar as that in LTE Rel-8.

2.4 Power/interference balance
For option 1b, in the case where some UEs reside in cell edge, the PDCCHs of these UEs, which are located on one specific CC, may need large transmit power. 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.

For option 1a, it is straightforward to keep the PDCCH power/interference balanced among multiple CCs.

2.5 Uplink ACK/NACK mapping
For option 1a, the ACK/NACK channels have to be mapped to the PDCCHs on multiple CCs, which would bring a big overhead for the ACK/NACK channel mapping, especially for the case of UE-specific asymmetric carrier aggregation with more DL CCs than UL CCs, because maybe each uplink CC has to reserve the ACK/NACK channels corresponding to the PDCCHs on multiple CCs. 
For option 1b, it may be beneficial to the ACK/NACK resource reservation and mapping to transmit the PDCCHs on one UE specific component carrier, or maybe on part of the DL CCs linked to the UL CCs especially in the case of asymmetric carrier aggregation with more DL CCs than UL CCs, because the ACK/NACK reservation and mapping is only corresponding to the PDCCHs on the specific CC(s).
2.6 Asymmetric carrier aggregation with more UL CCs than DL CCs
Option 1b is proposed to support the scenario of asymmetric carrier aggregation with more UL CCs than DL CCs, in case of which at least the cross-carrier scheduling of UL_grant and PHICH mapping for multiple UL CCs needs to be considered. However, it is maybe rather rare of this asymmetric carrier aggregation situation. Furthermore, even when this situation occurs, it is maybe reasonable for the number of UL CCs to be equal or smaller than the number of DL CCs from a UE perspective, and it does not seem to be a restriction considering no service identified for LTE-A which would rely on more UL resources than DL resources [2].
2.7 Heterogeneous network scenario
Option 1b is considered as a solution for the interference coordination of the control channels in heterogeneous network [5], where carrier power control are proposed among the Macro and Pico/closed subscriber group (CSG) cells. 
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Fig. 1 Carrier power control scheme in heterogeneous network

For carrier power control method illustrated as Fig. 1, the Macro cells would sacrifice the coverage of partial carriers in order that the Pico/CSG cells could use these power limited carriers without large interference. As a result, Macro and Pico/CSG cells would respectively use different carriers to transmit control channels for the interference coordination. However, the UEs of Macro cells outside the power limited carriers would access to the non-power limited carriers, which would incur the load imbalance among multiple carriers and even control region limitation of the non-power limited carriers. To alleviate load imbalance and improve the resource utilization of the control region, some LTE-A specific design, was considered to support the range expansion on power limited carriers for LTE-A UEs, but this would introduce additional standardization work. So the control channel design for the heterogeneous network needs to be further studied.
3 Conclusion 
In this contribution, the PDCCH mapping issues are analyzed from different points of view, which can be concluded as follows, and the brief comparison about the PDCCH mapping issues is listed as Table 1.
· Proposal: it is straightforward to support option 1a, while FFS for option 1b.
	Table 1. Attributes comparison of PDCCH mapping issue

　
	Option 1a: one PDCCH only associated with a 
PDSCH on the same CC
	Option 1b: one PDCCH associated with a PDSCH
on the same or different CC

	
	
	

	PCFICH 
identification
	Yes
	No

	
	
	

	Need of carrier
index bits
	No
	Yes

	
	
	

	PDCCH blocking probability
	Similar as LTE Rel-8
	Maybe large without good load balance

	Power/interference balance
	Yes
	No

	ACK/NACK mapping
	Cross-carrier mapping exists
	No cross-carrier mapping

	Asymmetric CA with more UL CCs than DL CCs
	Maybe not a restriction with equal UL and DL CCs
	Cross-carrier scheduling for UL_grant

	Heterogeneous network scenario
	Maybe interference problem for control channels
	ICIC for control channels
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