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1. Introduction
An initial discussion on RAN4-related issues with joint PUCCH/PUSCH operation was presented in [1]. In this paper, we will discuss the LTE-A UE operation when it transmits PUCCH and PUSCH at the same time.  
2. Discussion 
It has been agreed that, in the uplink of LTE-A, simultaneous transmission of uplink L1/L2 control signaling and data is supported through two mechanisms [2]

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

-
Control signaling is transmitted on PUCCH simultaneously with data on PUSCH.
This in turn means that the network always has the option of falling back on to Rel-8 transmission in cell edge cases where it emissions and/or max transmit power is an issue. An initial analysis of the power levels at which emissions may be an issue is carried out in our contributions [3,7]. The analysis shows that in the worst case scenario, where PUCCH has similar PSD level as PUSCH, typically less than 1 dB additional PA backoff is required compared to the case of PUSCH only transmission. Even in the worst case scenario with very narrow band PUSCH and PUCCH simultaneous transmission, the required PA backoff is shown to be within 3 dB of those required for Rel-8 16 RB contiguous SC-FDMA transmission. This in turn means that joint PUCCH/PUSCH operation should be easily viable without emissions violation with moderate power reduction.
2.1 Benefits of Joint PUSCH/PUCCH Operation
Note however that most of the benefits of joint PUSCH/PUCCH transmission are still retained in such an operation. These benefits have been extensively discussed in RAN1 (e.g. [4]) before approving joint PUSCH/PUCCH transmission. The benefits in [4] are listed here again for reference, and we show that almost all of them are still applicable.  

Simple and Flexible Configurations: Joint PUCCH easily allowing more control transmissions without having to define new data/control multiplexing modes. Note that higher control payloads are expected in several agreed LTE-A operations. For example, higher order DL MIMO will require more channel state feedback for multiple antennas. Note that is probably acceptable to limit higher order MIMO operation to non-cell edge users since there will be limited MIMO benefits at very low geometries (e.g. -3dB). Similarly in the case of carrier aggregation, cross-carrier control signaling where one UL carrier needs to address control for multiple DL carriers. This could be due to asymmetric carrier configurations (e.g. 2 DL, 1 UL). Alternately, in heterogeneous network operation, the separate PUCCH could be used to esnure reliable control. 

Contrast this with LTE Rel-8 operation. 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. Even more rules would now be needed to multiplex the added control payloads (note that the number of combinations is exponential in the number of channels.) Thus it is likely that RAN4 workload will be quite high if joint PUCCH/PUSCH operation is not adopted. 
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.  In turn, this allows UEs to obtain some of the high data rates expected from LTE-Advanced. 
More Reliable Control: In a typical LTE deployment such as D1, the interference level over PUSCH bands can vary dramatically from TTI to TTI even if X2-based closed-loop interference management is enabled. 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, requiring higher transmit power. Some performance results on this were presented in [4], and these continue to be applicable. Furthermore, since lower transmit power is needed on PUCCH compared to PUSCH, the effective range over which joint PUSCH/PUCCH operation is feasible is increased.    

Control Information to Non-Serving Cells: In [4], the possibility of sending control information to other cells was mentioned. While RAN1 has not yet had an agreement on this, RAN1 has actively discussed the possibility of sending control information about other cells (e.g. in the CoMP context). 

2.2 Mechanisms for Joint PUSCH/PUCCH Operation
In the previous section, it has already been mentioned that a simple way of using the joint PUSCH/PUCCH operation without violating emissions requirements is to limit the power to a smaller value. But it may also be possible to use joint PUSCH/PUCCH with moderate power reduction. RAN1 has already been discussing the max power scaling with concurrent PUCCH and PUSCH transmission. In scenarios where such joint operation is getting to be power limited, the agreed starting point is that PUCCH power is prioritized and the remaining power may be used by PUSCH [5]. Further details of possible operation in this mode, as well as how the network could choose between Rel-8 type operation and joint PUCCH/PUSCH transmission are presented in [3][6]. RAN4 could refine these solutions further once RAN1 adopts a basic framework. 
In terms of RAN4 work, specifying such mechanisms for joint PUSCH/PUCCH is not expected to be fundamentally different from clustered SC-FDM operation where similar intermodulation issues are expected to occur. Further discussion on the commonality between joint PUSCH/PUCCH and clustered PUSCH operation is given in [7]. Note that [7] also includes quantitative results on emissions.   
3. Conclusion 

In this contribution, we presented a high-level overview of the benefits of joint PUCCH/PUSCH as well as some simple solutions to any potential RAN4-related issues such as emissions. More details of the issues and potential solutions are found in the accompanying papers [3] and [7]. We recommend that RAN4 analyze and adopt these solutions in order to achieve the benefits of joint PUCCH/PUSCH operation. 
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