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1. Introduction

Carrier aggregation is one of the key features of LTE-A (LTE advanced) to support wider bandwidth than supported by Rel-8 LTE [1]. In Rel-8 LTE, uplink transmission is designed not to break the single carrier transmission characteristics. On the other hand, in case of multiple component carrier aggregation in LTE-A, this restriction is relaxed for the UEs without transmit power limitation for more efficient uplink transmission. In this paper, we discuss the possible options for the PUCCH transmission including PUCCH information piggybacking onto PUSCH in case of multiple component carriers.
2. Basic PUCCH/PUSCH transmission mode
In TR36.814 [1], the following is agreed as a basic principle of uplink transmission in LTE-A.

Simultaneous transmission of uplink L1/L2 control signalling and data is supported through two mechanisms

· Control signalling is multiplexed with data on PUSCH according to the same principle as in Rel-8

· Control signalling is transmitted on PUCCH simultaneously with data on PUSCH

According to the agreement above, a UE without transmit power limitation can transmit PUSCH and PUCCH in a same subframe, but the details are not clear yet. we consider the following two options for the PUCCH transmission when the UE also transmits PUSCH in the same subframe. The two options are illustrated in Figure 1 and the pros and cons are also discussed in the following.
Option 1) UE transmits both PUCCH(s) and PUSCH(s) independently at the same time.

· This option makes specification for the LTE-A UEs simple.

· There is discrepancy of the UE behaviours between Rel-8 LTE and LTE-A UEs.

Option 2) UE piggybacks PUCCH onto PUSCH as in Rel-8 LTE per component carrier. That is, a PUCCH is piggybacked to a PUSCH when they are to be transmitted in a same UL component carrier.
· This option defines same behaviour between Rel-8 LTE and LTE-A UEs.

· Specification for the LTE-A UEs may be more complex depending on the PUCCH design for LTE-A.

Our understanding of underlying assumption in the agreement of decoupling PUSCH and PUCCH is in line with option 1 since the LTE-A UEs already have a capability of transmitting both PUSCH and PUCCH at the same time. Therefore, we suggest agreeing and clarifying the basic transmission mode of LTE-A UE as follows.
Simultaneous transmission of uplink L1/L2 control signalling and data is supported through two mechanisms

•
As a basic transmission mode of LTE-advanced UEs, control signalling is transmitted on PUCCH simultaneously with data on PUSCH
•
For Rel-8 UEs and possibly LTE-advanced UEs which are with transmit power limitation, control signalling is multiplexed with data on PUSCH according to the same principle as in Rel-8
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Figure 1  Options for the PUCCH/PUSCH transmission
3. PUCCH/PUSCH transmission mode for the UEs with transmit power limitation

For the UEs with transmit power limitation, it would be better the UE’s transmission should keep the single carrier characteristics for the efficient utilization of the transmit power amplifier as in LTE Rel-8. In this case, we assume the UE transmits only one PUCCH over multiple UL component carriers in a subframe, which may be handled by eNB scheduler or by making a new PUCCH format. We also assume the UE transmits only one PUSCH over multiple UL component carriers in a subframe, which can be handled by eNB scheduler. Under those assumptions, we consider the following three options for the combination of PUCCH and PUSCH transmission as illustrated in Figure 2.
Option 1) PUCCH in any UL component carrier is piggybacked onto the PUSCH to be transmitted.

· This option allows independent scheduling of the UL ACK/NACK or CQI from the scheduling of PUSCH.

Option 2) The power-limited UE is assigned single UL component carrier semi-statically for the PUCCH/PUSCH transmission, and PUCCH is piggybacked to PUSCH.

· PUSCH scheduling for the UE is restricted.

· PUCCH resource allocation for the UL ACK/NACK may be complicated if PDSCH can be assigned in any DL component carriers for the UE.

Option 3) eNB scheduler takes care that the UE’s coincident transmissions of PUCCH and PUSCH shall occur in a same UL component carrier in a subframe, and the PUCCH is piggybacked to the PUSCH.

· This option correlates scheduling of PDSCH, PUSCH and CQI severely in the eNB scheduler implementation. However, implementation of this option may not be so much difficult if the eNB scheduler always assigns single DL component carrier and singe UL component carrier for the UE.
We suggest the three options above be investigated as PUCCH transmission mode of the power-limited UEs for LTE-A. In case of DL/UL asymmetric component carrier aggregation, more study is necessary. 
In addition, we suggest considering two additional points as follows. 

· A UE implementation of applying multiple RFs for multiple component carriers may be supported in a different way from the above options in the LTE-A specification.

· A UE with two transmit antennas may utilize each antenna in transmitting different physical channels so that PAPR to the power amplifier of each antenna can be reduced.
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Figure 2  Options for the PUCCH/PUSCH transmission of the power-limited UEs
4. Summary
In this paper, we introduced possible options of PUCCH/PUSCH transmission on multiple component carriers for LTE-A. Firstly, we suggest making it clear what is the basic uplink transmission behaviour of LTE-A UEs according to the decision of decoupling PUSCH and PUCCH. Then, the UE behaviour in case of power limitation should be discussed further.
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