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1. Introduction

In Rel-8 LTE, uplink transmission is designed not to break the single carrier transmission characteristics. On the other hand, this restriction is relaxed for more efficient uplink transmission. The following has been agreed as a basic principle [1].
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

In this paper, we suggest defining different UL transmission modes for LTE-A UEs considering UL CM preserving transmission regarding the PUCCH transmission including PUCCH information piggyback onto PUSCH in case of multiple component carriers.
2. UL transmission modes in LTE-A
2.1. Multiple channel transmission mode
If there is no transmit power limitation problem for a LTE-A UE, the eNB can configure the LTE-A UE to operate in the multiple channel transmission mode according to the carrier aggregation and the basic principle above. In this mode, PUCCH is transmitted simultaneously with PUSCH without piggyback. When a UE transmits the multiple PUSCHs via the aggregated carriers, it would be natural that PUCCH(s) is not to piggyback onto PUSCH, because the UE would be under good UL channel condition. Also, our understanding of underlying assumption in the agreement of decoupling PUSCH and PUCCH is in line with Figure 1, since the LTE-A UEs already have a capability of transmitting both PUSCH and PUCCH at the same time regardless of the component carrier. The number and location of multiple PUCCHs in a subframe will depends on the PUCCH design for carrier aggregation. Consequently, we suggest the following as a transmission mode of LTE-A UEs without transmit power limitation 
· As a basic transmission mode for LTE-advanced UEs without power limitation, multiple channel transmission mode is configured.

· Control signaling is transmitted on PUCCH simultaneously with data on PUSCH
· The maximum number of coincident multiple PUCCHs in a subframe is FFS
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Figure 1: Multiple channel transmission mode
In addition to the suggested operation, UCI piggyback onto PUSCH for other purposes in multiple channel transmission mode should not be precluded at this stage depending on the UCI design. For example, it can be considered that UCI may be intentionally piggybacked onto PUSCH in periodic manner when the amount of UCI is too large to be carried by PUCCH efficiently. Further consideration for such a case as a separate issue seems to be needed. 

2.2. Single carrier transmission mode for CM preserving transmission
In LTE-A, an eNB can judge that a UE’s transmit power is limited based on the power headroom report. Then, the eNB can configure the power-limited LTE-A UE to operate in the single carrier transmission mode over multiple component carriers to get better CM. That means UCI is piggybacked onto PUSCH if it exists, in similar way to Rel-8 LTE. In case of no PUSCH, it is also assumed that the UE keeps single carrier property for PUCCH transmission over all UL component carriers in a subframe, which may be handled by eNB scheduler not to schedule multiple PDSCH or by making a new PUCCH format to support multiple ACK/NACK transmission. Consequently, we suggest the following as a transmission mode of LTE-A UEs with transmit power limitation.
· For the UEs under transmit power limitation, the UE is configured to operate in single carrier transmission mode.
· The UE transmits either single PUSCH or single PUCCH in a subframe.
· In case of collision of PUSCH in any UL component carrier with PUCCH in any UL component carrier in a subframe, PUCCH is piggybacked onto PUSCH.
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Figure 2: Single carrier transmission mode
In addition, following two other possible points are not considered above:
· 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 PUCCH and PUSCH respectively so that single carrier transmission can be kept in each antenna without piggyback.

3. Summary
In this paper, we considered UL transmission modes in LTE-A. We proposed as follows: 

· As a basic transmission mode for LTE-advanced UEs without power limitation, multiple channel transmission mode is configured.

· Control signaling is transmitted on PUCCH simultaneously with data on PUSCH
· The maximum number of coincident multiple PUCCHs in a subframe is FFS

· For the UEs under transmit power limitation, the UE is configured to operate in single carrier transmission mode.

· The UE transmits either single PUSCH or single PUCCH in a subframe.

· In case of collision of PUSCH in any UL component carrier with PUCCH in any UL component carrier in a subframe, PUCCH is piggybacked onto PUSCH.
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