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1 Introduction
In RAN1 #53bis, it was agreed that aggregation of multiple component carriers is considered for LTE-Advanced in order to support downlink transmission bandwidths larger than 20MHz [1]. In addition to the symmetric DL/UL carrier aggregation, it will be possible to configure a UE to aggregate a different number of component carriers of possibly different bandwidths in the UL and the DL. RAN WG4 will study the supported combinations of aggregated component carrier (CC) and bandwidths. 
In this contribution, our consideration on control signaling for asymmetric DL/UL carrier aggregation in LTE-A is mainly described. 

2 Asymmetric DL/UL carrier aggregation

Figure 1(a), (b) shows simple example of asymmetric DL/UL carrier aggregation. Case 1 is an example for the case that the number of DL CC is larger than the number of UL CC, and Case 2 is an example for the case that the number of UL CC is larger than the number of DL CC. Support of Case 1( DL heavy aggregation) is already a common assumption for LTE-A. However, it should be clarified first whether LTE-A should support Case 2 (UL heavy aggregation) or not. The description for Case 2 in the contribution is assumed to be valid only when this case is supported in LTE-A.
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Figure 1. A reference model for asymmetric DL/UL carrier aggregation
3 Issues on DL/UL control signalling 
Considering asymmetric DL/UL carrier aggregation, issue points in channel design, resource allocation and modification factor in current spec for control and data transmission are described. 
For downlink transmission, design of the PCFICH, PDCCH for DL scheduling assignment and its PDSCH transmission doesn’t need to take a special consideration from the viewpoint of the asymmetric DL/UL carrier aggregation [2]. PDCCH multiplexing scheme (e.g., joint coding vs. separate coding) and transmission method (e.g., PDCCH indicates an allocation on the same CC, PDCCH indicates an allocation on the same or different CC) is the general discussion points to support carrier aggregation [3]. Regarding UL A/N associated with PDSCH transmission, some issue points are exist and details are provided below. 
For uplink transmission, PUSCH transmission itself doesn’t need to take a special consideration from the viewpoint of the asymmetric DL/UL carrier aggregation [2]. But, there are some issue points regarding PDCCH for PUSCH (UL grant) and DL A/N considering asymmetric DL/UL carrier aggregation. Details are provided below.
· UL ACK/NACK 
For Case 1 shown in Figure 1(a), there are two issue points for UL A/N transmission. First, when considering per-carrier transport block generation and larger number of DL CCs compared with the number of UL CCs, an LTE-A UE should transmit multiple A/N information corresponding PDSCHs on a UL CC. Regarding UL A/N design supporting this situation of multiple A/N feedback, two options can be categorized as follows: [4], [5], [6] 
· Option 1: Multiple A/N feedback in each UL CC
· Option 2: Single bundled A/N feedback in each UL CC
Multiple A/N transmission can be configured by multiple LTE Rel-8 A/N PUCCH, channel selection, high order modulation, joint coding, etc. Bundled A/N transmission is based on HARQ bundling for multiple DL CCs linked with a UL CC. At least, for non power-limited UE case, bundling is not preferred due to the retransmission overhead.
The second issue is the UL A/N resource allocation scheme for scheduled PDSCH transmission. This issue is very closely related with UL A/N design described above, and the consideration on backward compatibility for LTE Rel-8 UEs is really important factor. Some careful approach for this issue in terms of asymmetric DL/UL carrier aggregation should be accompanied with the investigation for UL A/N design.
For Case 2 shown in Figure 1(b), there are multiple UL CCs that can be used for UL A/N transmission. But, it is desirable that UL A/N corresponding to a PDSCH is transmitted on one UL CC in UL resource utilization perspective. Thus, a kind of DL/UL CC linkage between PDSCH transmission and UL A/N feedback should be defined.
Proposal: 
· Case 1: # of DL CC > # of UL CC

· Multiple A/N feedback in each UL CC looks beneficial rather than A/N bundling in case of non power-limited UE case.

· Details on A/N resource assignment should be further investigated. 
· Case 2: # of DL CC < # of UL CC

· A kind of DL/UL CC linkage between PDSCH transmission and UL A/N feedback should be defined.
· PDCCH (UL grant)
For asymmetric carrier aggregation of Case 1, single UL grant transmission on only one DL CC among multiple DL CCs linked with a UL CC looks beneficial in terms of DL resource overhead and UE blind decoding cost. Regarding this UL grant transmission method, one straightforward issue point is how to pick one DL CC for UL grant transmission among multiple DL CCs linked with a UL CC. Details on the assignment of  a reference DL CC for UL grant transmission can be considered FFS..
For asymmetric carrier aggregation of Case 2, a DL CC can contain multiple UL grants for PUSCHs on multiple UL CCs. However, with current UL grant DCI format, UE cannot identify the designated UL CC from the received UL grant message in the carrier situation of Case 2. Therefore, a kind of UL CC indication method seems to be necessary in order to remove this ambiguity. One straightforward solution is the introduction of UL CC index in UL grant DCI format. In addition, payload size fixing for each UL grant (separate coding case) or one UL grant (joint coding case) regardless of the number of UL CC can be considered for efficient UE blind decoding. Some further investigation for resolution of this issue would be necessary.
Proposal: 
· Case 1: # of DL CC > # of UL CC

· UL grant transmission on only one DL CC among multiple DL CCs linked with a UL CC looks beneficial in terms of DL resource overhead and UE blind decoding cost. 
· Details on the assignment of a reference DL CC for UL grant transmission are FFS.
· Case 2: # of DL CC < # of UL CC

· A kind of UL CC indication method seems to be necessary in order to remove the ambiguity of UL grant’s UL CC identification. Detailed resolution method is FFS.
· DL ACK/NACK
Similar with UL grant transmission, DL A/N for a PUSCH transmission can be transmitted on single DL CC among multiple DL CCs linked with a UL CC in asymmetric carrier aggregation of Case 1. In accordance with LTE Rel-8 specification, the resources for DL A/N i.e., PHICH groups are pre-reserved in each DL CC depending on the number of DL RBs and its scaling parameter. Thus, multiple DL A/N can be transmitted on multiple DL CCs for a PUSCH transmission, but inefficiency in DL resource utilization looks inevitable. Another issue point is how to pick one DL CC used for DL A/N transmission. This depends upon the existence of a non PHICH DL CCs and the selection scheme of DL CC for UL grant PDCCH transmission [7]. As a straightforward solution, DL A/N corresponding to a PUSCH transmission can be transmitted on the reference carrier used for UL grant transmission. 
For asymmetric carrier aggregation of Case 2, multiple DL A/N transmission [8] or DL A/N bundling can be considered when there are multiple PUSCH transmissions on UL CCs linked with a DL CC. In this case, multiple A/N transmission seems to be a more natural than A/N bundling in order not to cause throughput loss. However, A/N bundling can also be considered in order to keep current Rel-8 LTE PHICH design. Some further study and discussion for this issue would be necessary. 
Proposal: 
· Case 1: # of DL CC > # of UL CC

· DL A/N for a PUSCH transmission is transmitted on single DL CC used for UL grant transmission.
· Case 2: # of DL CC < # of UL CC

· In case of multiple PUSCH transmissions on UL CCs linked with a DL CC, multiple DL A/N or A/N bundling can be considered. Some further study and discussion for this issue would be necessary.
4 Summary
In the contribution, we provide several technical issue points and baseline proposals for DL/UL control signalling in case of asymmetric carrier aggregation Case 1 and Case 2. Our proposals are summarized in Table 1.

Table 1. Summarized proposal
	
	Case 1 (# DL CC > # UL CC)
	Case 2 (# DL CC < # UL CC), if to be supported

	UL A/N
	· Multiple A/N feedback in each UL CC looks beneficial in case of non power-limited UE case 
	· A kind of DL/UL CC linkage between PDSCH transmission and  UL A/N feedback should be defined

	UL grant
	· UL grant transmission on only one DL CC among multiple DL CCs linked with a UL CC looks beneficial
	· A kind of UL CC indication method seems to be necessary in order to remove the ambiguity of UL grant’s UL CC identification 

	DL A/N
	· DL A/N for a PUSCH transmission is transmitted on single DL CC used for UL grant transmission 
	· Multiple DL A/N or A/N bundling can be considered
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