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1. Introduction  
Carrier aggregation (CA), where two or more component carriers (CCs) are aggregated, is considered for LTE-Advanced in order to support wider transmission bandwidths e.g. up to 100MHz and for spectrum aggregation. In this contribution, we discuss our views on uplink control channel design for LTE-Advanced with carrier aggregation.

2. ACK/NACK 
The ACK/NACK channel design is a main issue for uplink control channel design for LTE-A. An LTE-A UE with reception and/or transmission capabilities for carrier aggregation can simultaneously receive and/or transmit on multiple component carriers. Therefore, when multiple DL carriers are scheduled for one UE in a subframe, the UE has to feedback multiple ACK/NACKs associated with the different DL CCs. Detail design aspects of ACK/NACK for LTE-A has been discussed in our companion contribution [1]. Three points are proposal:
(1) If the ACK/NACK coverage is not an issue for LTE-A, N*Rel-8 PUCCH structure should be used for LTE-Advanced because of its best backward compatibility. Further optimization may also be included. Or
(2) If the uplink control channel coverage is a big issue for LTE-A, ACK/NACK bundling/multiplexing should be supported. 

(3) Further investigations for TDD are needed.

3. SR 

If the UE wants to transmit uplink data, it will send an SR to the eNB for resource allocation. And the exact resource allocation is decided by the eNB. Therefore the SR can be designed independent of carrier aggregation, i.e. it is no need to transmit an SR in multiple uplink CCs. So we can reuse the SR transmission scheme in LTE for LTE-A.
4. CQI 

A CQI for each DL CC needs to be reported in the UL in the case of carrier aggregation, and the feedback overhead is proportional to the number of aggregated DL carriers. And as the new techniques are introduced in LTE-A, such as CoMP, more feedback about the channel quality are also needed. Therefore, how to feedback the multiple CQI for multiple DL CCs and how to increase the PUCCH payload size for channel quality feedback are big issues for CQI design in LTE-A.
Considering how to feedback the multiple CQI for multiple DL CCs in case of carrier aggregation, we think there are two basic alternatives:
Alternative#1: TDM approach

In LTE, the periodicity of CQI is configured by eNB. So the CQI corresponding to different DL CCs could be transmitted with different CQI periodic reporting cycles, configured by eNB. In order to avoid the simultaneous transmission of CQI for different DL CCs, eNB can configure them to have same periodicity but different subframe offset. An example is show in Figure 1.
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Figure 1 CQI cycling approach for multiple CQI reporting

From Figure 1 we can see that CQIs of different DL CCs are transmitted by TDM. This will lead to an increased overhead and/or increased CQI delay since more time resources are used by each UE.
Alternative#2: CDM or FDM

If the N*Rel-8 PUCCH is supported, multiple PUCCH channels for CQI can be used. It is similar to multiple channel transmission for ACK/NACK, the CM for multiple CQIs transmission is also increased. The main difference between ACK/NACK channel and CQI channel is that the resource used for CQI is configured by high layer signaling. Therefore the increased CM can be under the control of eNB, i.e. eNB can allocate the CQI resources with relatively low CM for a UE which needs to transmit multiple CQI PUCCH channels simultaneously. In this case, the CQI channels of different DL CCs are transmitted by CDM or FDM.
Since multiple antenna transmission in uplink is supported in LTE-A, spatial multiplexing of PUCCH for CQI can be considered as a way to increase the CQI payload size. Performance of spatial multiplexing for PUCCH should be evaluated before making any conclusion. We think spatial multiplexing of PUCCH for CQI could not be precluded at least for the current stage.
5. PUCCH resource allocation
In LTE, PUCCH resource for CQI, SR and semi-persistent ACK/NACK is configured by high layer signaling in eNB and the resource for dynamic ACK/NACK is implicitly linked to the lowest CCE index of the corresponding PDCCH of downlink assignment. Those principles can be extended for LTE-A with small modifications and therefore achieves high compatibility. 
Then main difference for LTE-A is the number of carriers could be more than 1 and UL/DL could be asymmetric. But as mentioned above, the PUCCH resource for CQI, SR and semi-persistent ACK/NACK is configured by high layer signaling in eNB, we think there should be no difference between LTE-A and LTE. And considering the resource for dynamic ACK/NACK, extending the implicit mapping rule can be done by introducing the concept of DL/UL carrier pairing. 
As discussed in [2], DL/UL carrier pairing can be UE-specific or cell-specific. For cell-specific DL/UL carrier pairing, carrier aggregation of an LTE-A UE should be based on the cell-specific DL/UL carrier pairing i.e. an LTE-A UE should be assigned multiple cell-specific DL/UL paired carriers. In case when the UE has asymmetric UL/DL capability e.g. wider DL bandwidth, while the DL/UL carrier pairing is symmetric, some mechanism should be introduced to select some of the assigned UL carriers or dynamically switch between the assigned UL carriers. And for UE-specific DL/UL carrier pairing, an LTE-A UE may be scheduled on multiple DL and UL component carriers and the pairing between the DL and UL component carriers is UE-specific and signaled by higher layers.
From the resource reservation point of view, cell-specific DL/UL carrier pairing is more preferable. Figure 2 and 3 give examples of PUCCH resource allocation of cell-specific and UE-specific carrier pairing for symmetric and asymmetric carrier aggregation respectively. Here we only focus on the resource allocation for dynamic ACK/NACK. For UE-specific DL/UL carrier pairing, UL CC needs to have dynamic ACK/NACK resources corresponding to all associated DL CCs. And for cell-specific DL/UL carrier pairing, UL CC only needs to have dynamic ACK/NACK resources for the pre-defined DL CCs (in a cell-specific manner).
As an example in Figure 2, in cell-specific DL/UL carrier pairing, if the UE is scheduled downlink transmission both in DL CC#1 and DL CC#2, we assume that the UE is able to transmit the ACK/NACK feedback for DL CC#1 and DL CC#2 in both UL CC#1 and UL CC#2 if the UE has symmetric DL/UL capability, or otherwise, the UE will transmit the ACK/NACK feedback in either UL CC#1 or UL CC#2.
[image: image2.emf]DL CC#1 DL CC#2

UL CC#1 UL CC#2

DL CC#1 DL CC#2

UL CC#1 UL CC#2

System

bandwidth

System

bandwidth

PUCCH resource for CQI, SR, 

semi-persistent ACK/NACK

(a) Cell-specific pairing

(b) UE-specific pairing

PUCCH resource for dynamic 

ACK/NACK of DL CC#1

PUCCH resource for dynamic 

ACK/NACK of DL CC#2


Figure 2 example of PUCCH resource allocation for symmetric carrier aggregation
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Figure 3 example of PUCCH resource allocation for asymmetric carrier aggregation

By introducing the cell-specific DL/UL carrier pairing, the PUCCH resource reservation can be simplified. It can be achieved easily just by setting the cell-specific parameter of 
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 in TS 36.213 to be cell-specific and carrier specific. Note that the cell-specific DL/UL carrier pairing can be extended for LTE-A. There may be multiple to multiple/one pairing between DL CCs and UL CCs in addition to the one-to-one pairing in LTE. But please keep in mind that the DL/UL carrier pairing is in a cell-specific manner. As an example in Figure 3, UL CC#1 is paired with DL CC#1 and DL CC#2, so UL CC#1 needs to have dynamic ACK/NACK resources for DL CC#1 and DL CC#2 and not for DL CC#3 and DL CC#4.
6. Conclusions

In this contribution, we present our current views on the uplink control channel design for LTE-A, especially when the UCI is transmitted in PUCCH.
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