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1
Introduction
In Rel-8, in order to maintain single-carrier waveform, the PUCCH is never transmitted simultaneously with the PUSCH from the same UE. In LTE-A, the single-carrier constraint on uplink waveform could be relaxed if enough motivations are found. This contribution discusses the advantages of allowing concurrent transmission of PUSCH and PUCCH. 

2
Benefits of Concurrent PUSCH & PUCCH Transmission
2.1
Simple and Flexible Configurations 
In LTE Rel-8, when there is no PUSCH transmission, control bits are conveyed by the pre-specified PUCCH resources. When PUSCH is transmitted, control symbols are multiplexed with data symbols prior to DFT operation and resources on PUCCH are not used by that UE. In order to get satisfactory performance, Rel-8 provides different rules for multiplexing CQI, PMI, ACK/NACK, and RI with data [1]. 

If concurrent transmission of PUSCH and PUCCH were allowed in LTE-A, UEs would send control information over PUCCH resources while data bits would be sent over PUSCH. This would render a simple control and data multiplexing and would avoid additional configurations if more uplink control channels were introduced into LTE-A e.g., for the support of CoMP. 
2.2 Efficient Resource Utilization
To keep the single-carrier waveform, when PUSCH is transmitted in a given subframe, control information symbols reduce the available resources for data transmission in PUSCH. At the same time, the available pre-specified PUCCH resources are left unused. In fact, according to [4], the worst case is found when  4 data symbols around the DM-RS symbol are punctured by ACK/NACK and RI bits, which amounts to 66.7% bandwidth loss for the PUSCH. Allowing concurrent transmission of PUSCH and PUCCH would make possible to efficiently utilize the available bandwidth resources. 

2.3  More Reliable Control
In a typical LTE deployment such as D1 specified in [2], the interference level over PUSCH bands can vary dramatically from TTI to TTI even if X2-based closed-loop interference management is enabled (see Fig. 1). Since there is HARQ running for data packets, the interference-over-thermal (IoT) fluctuation over frequency and time is not a problem for reliable data transmission. However, when control bits are multiplexed with data over PUSCH, the reliability of the control is severely compromised because there is no HARQ protection for control bits. 
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Figure 1:
PUSCH IoT variation over frequency and time.
When PUCCH is allowed to be transmitted simultaneously with PUSCH, since the PUCCH bands are always at the edges of the system band, we can maintain a relatively low IoT value over the PUCCH bands. Since independent power control is running over PUCCH, the system could use PUCCH for reliable transmission of control information while decoupling the IoT operating point of data and control. 
2.4 Control Information to Non-Serving Cells
In LTE-A, Co-ordinated multi-point (CoMP) is being considered as a key technique to achieve high spectral efficiency [3]. To enable CoMP, a UE may need to feedback the channel information and corresponding control information to non-serving cells that collaborate in the multi-point downlink transmission to the UE. In this scenario, in the presence of PUSCH transmission to its serving cell, it would be impractical to append control information to other cells over the PUSCH intended for the serving cell. Allowing concurrent transmission of PUSCH and PUCCH, it could be possible to transmit control information targeting cells other than the serving cell over a pre-specified control channel for that recipient cell while not affecting the UL data transmission to the serving cell.
Mobility enhancements could also benefit from the possibility for UEs to directly communicate with cells other than its current serving cell without causing interruption of the PUSCH transmission to the serving cell. 
3
Conclusions 
In this document, we have shown the benefits of simultaneous transmission of PUSCH and PUCCH. In our opinion there is enough motivation to allow for the possibility of concurrent transmission of PUSCH and PUCCH to LTE-A UEs, which in summary would:

· Avoid an exponential growth of UL transmission configuration in case LTE-A needs additional UL control information, e.g. in support of CoMP operation
· Maximize the bandwidth utilization by avoiding the bandwidth loss incurred by dropping the PHY resources reserved for control when data is transmitted in a given subframe

· Allow a completely decoupled operating point of control and data in terms of operating IoT, hence improving the reliability of control information in systems with time and frequency varying interference

· Enable the transmission of control information to cells other than the serving cell in support of e.g. CoMP operation and enhanced mobility procedures.

Therefore, we recommend allowing for the concurrent transmission of PUSCH and PUCCH in LTE-A. 
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