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1
Introduction
It has been agreed that, in the LTA-A uplink, simultaneous transmission of uplink L1/L2 control signaling and data is supported through two mechanisms [1]:
-
Control signaling is multiplexed with data on PUSCH according to the same principle as in Rel-8/9;
-
Control signaling is transmitted on PUCCH simultaneously with data on PUSCH.
Furthermore, regarding the max power scaling with concurrent PUCCH and PUSCH transmission, the agreed starting point is that PUCCH power is prioritized and the remaining power may be used by PUSCH [2].
In this paper, we discuss possible operation modes of an LTE-A UE, corresponding behavior and the benefits of the simultaneous transmissions on PUCCH and PUSCH.
2
Discussion
 LTE-A UE could be envisioned as operating in one of the following modes:
· Rel-8/9 mode
· SC-FDM waveform retained

· PUCCH or PUSCH transmission in a single subframe
· Rel-10 mode 
· Single-carrier constraint
· SC-FDM waveform is preserved at each transmit antenna
· MIMO transmission 

· PUSCH and PUCCH can not be transmitted from the same antenna in the same subframe
· Without single-carrier constraint
· Non-contiguous PUSCH transmission (clustered DFT-S OFDM)

· Concurrent PUCCH/PUSCH transmission

· [MIMO transmission with RB-based precoding]
When a Rel-10 UE is configured in Rel-8/9 mode, all Rel-8 rules apply and a Rel-10 UE behaves as a Rel-8/9 UE. When the Rel-10 UE is configured in the Rel-10 mode, the additional Rel-10 features can be utilized. UE is configured in either of the two modes by RRC signaling.
Proposal 1: UE is configured in Rel 8/9 or Rel 10 mode of operation using RRC signaling.
2.1 PUCCH + PUSCH Transmissions
Simultaneous transmission of PUCCH and PUSCH allows the network to control different IoT set points for PUCCH and PUSCH. Due to lack of HARQ, IoT control is quite important for PUCCH and it is very desirable to limit IoT target value and hence variation in order to control the erasure rate on PUCCH. However, it is desirable to have high IoT target for PUSCH and rely on HARQ to cope with large IoT variance in order to increase overall system capacity. 
Rel 8/9 method is inefficient with respect to resource utilization on RBs assigned for PUCCH and copying with IoT variance. When PUCCH transmission coincides with PUSCH, UCI is multiplexed on PUSCH, where resources used for UCI on PUSCH are configured by RRC signaling. An offset for UL-ACK transmission in excess of 20 dB is allowed to ensure reliable transmission of UL-ACK. Such large offsets constitute considerable overhead, particularly for small assignments on PUSCH, e.g., for VoIP services. At the same time resources on PUCCH are underutilized.   

For the reasons given above, our view is that it is natural to operate PUCCH and PUSCH at different IoT set points to achieve high system capacity and guarantee low erasure rate on PUCCH.
The main argument against simultaneous PUCCH and PUSCH transmissions is increased CM and an impact on emissions (SEM and spurious emissions). However, in a typical deployment, the number of power limited UEs is expected to be relatively small. As shown in Figure 1 from [3], it can be seen that over 90% of UEs can support power back-off of 4-6 dBs which may be required for simultaneous PUCCH and PUSCH transmission and clustered SC-FDMA [4]. The simulation results are obtained for uniform Macro cell network with D1 lay-out. It is expected that the transmit power requirements for Pico cell deployments will be even smaller, due to the smaller path loss of the UEs connected to Pico cell.
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Figure 1: UE transmit power CDF for D1

In order to obtain the benefits of simultaneous PUCCH and PUSCH transmissions and not to impact power limited UEs, we propose to that UE selects between Rel 10 single carrier and simultaneous PUCCH and PUSCH transmissions based on it scheduled TX power if configured in Rel 10 mode. Blind decoding is required at the eNB, but this feature should already be supported in Rel 8 networks since due to potentially lost UL grants, eNB need to be ready to receive control information on both PUCCH and PUSCH. 
Proposal 2: UE selects between Rel 10 single carrier and simultaneous PUCCH and PUSCH transmissions based on it scheduled TX power.

3
Conclusions 

In this contribution, we discussed possible operation modes and the corresponding behavior for a LTE-A UE. We propose that when UE is configured in Rel 10 mode, UE selects single carrier or simultaneous transmission on PUCCH and PUSCH based on scheduled TX power.

Proposal 1: UE is configured in Rel 8/9 or Rel 10 mode of operation using RRC signaling.
Proposal 2: UE selects between Rel 10 single carrier and simultaneous PUCCH and PUSCH transmissions based on it scheduled TX power.
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