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1. Introduction

This contribution describes a method for simultaneous transmission of ACK/NACK and scheduling request (SR) signals on the physical uplink control channel (PUCCH). 

In the following, the proposed scheme is described in detail. Simulation results are given next where the performance of the ACK/NACK signals utilizing the proposed scheme (i.e. with SR) is compared to the case where pure ACK/NACK signals (i.e. without SR) are transmitted. Moreover, the results illustrating the performance of SR signals in the proposed scheme are provided. Finally, a summary concludes this contribution.
2. Proposed multiplexing scheme  

Figure 1 shows the structure of ACK/NACK transmission. Both reference signals (RS) and data utilize cyclically shifted CAZAC sequences (e.g. Zadoff Chu (ZC) sequences) of length 12 in frequency domain.  The RSs are spread in time by orthogonal covers of length 3 while data are spread in time by orthogonal covers of length 4. Hence, the multiplexing capacity is determined by the shorter covers which belong to the reference signals. Considering 6 cyclically shifted CAZAC sequences, the multiplexing capacity for ACK/NACK transmission becomes 18 (i.e. 3x6=18). 
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Different length of orthogonal covers for RS and data are used, resulting in having one of the data covers unused. The same goes for the unused cyclically shifted CAZAC sequences where only 6 shifts out of maximum 12 are used. 

The proposed multiplexing scheme is based on the property described above. All control channels belonging to one specific code for data, are coupled to a second data code (for example with different data spreading code or different cyclical shift of CAZAC code or both). For control channels supporting simultaneous transmissions of ACK/NACK and SR, one of the channels is used when UE has only ACK/NACK to transmit and the other is used when the UE has both ACK/NACK and SR to transmit. The receiver tests both resource allocations. The outcome of this hypothesis testing determines which control channel is used and an estimate for the SR.

An example is shown in Figure 2 where 12 channels for simultaneous transmission of ACK/NACK and SR are available.

In the proposed scheme no changes are needed for the RS structure. The control channels for simultaneous transmission of ACK/NACK and SR still use the original reference signals.
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Figure 2: In this example, a control channel without SR indication is transmitted with data spreading codes W0 or W2 whereas W1 and W3 are respectively used when SR is indicated. In addition to the different spreading codes also the cyclic shifts are changed. For example, for transmitting only ACK/NACK but no SR, resource 5 can be used, whereas the same control channel would be transmitted on resource 11 to indicate the SR.

3. Simulation results

Table 1 lists the parameters used for the link level simulations. The control channels are allocated to active UEs as demonstrated in Figure 2. All the active UEs are assumed to have the same received power.  Figure 3 shows the BER performance of the received ACK/NACK signals utilizing the proposed scheme where the UEs are capable of multiplexing SR with ACK/NACK as described above. For comparison, the BER performance of the received ACK/NACK signals at the absence of SR (i.e. corresponding to the original ACK/NACK transmission scheme) is illustrated in Figure 5. It can be seen that the proposed scheme proved good performance. Finally, Figure 4 shows the performance of the received SR as the probability of missing the SR at eNB when it is transmitted on PUCCH. As shown, the proposed scheme performs well.
Table 1: Link level simulation assumptions

	Parameters
	Assumptions

	Numerology
	5MHz@2.5GHz

	Number of UEs
	1, 2, 6, 12

	Channel model
	Typical Urban

	UE velocities
	3, 120, 350 km/h

	ACK/NACK modulation
	QPSK (2-bits ACK/NACK per UE per sub-frame)

	Number of antennas at receiver
	2

	Channel estimation
	1-tap Maximum likelihood
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Figure 3:  The bit error rate performance (BER) of the ACK/NACK signals versus signal-to-noise ratio (SNR) in dB. The active UEs randomly transmit SR together with the ACK/NACK signals. The quality of the received ACK/NACK signals are shown here where Figure 4 illustrates the quality of the received SR. 
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Figure 4: The probability of missing the SR by eNB versus signal-to-noise ratio (SNR) in dB. The SR is transmitted along with ACK/NACK signals.
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Figure 5: The bit error rate performance (BER) of the ACK/NACK signals versus signal-to-noise ratio (SNR) in dB. The active UEs transmit only ACK/NACK signals. No SR is transmitted. 
4. Summary

This contribution proposes a method for multiplexing the SR and ACK/NACK signals from the same UE. On PUCCH orthogonal block spreading and cyclically shifted CAZAC sequences are used to multiplex control channels among different UEs. In the proposed scheme, simultaneous transmission of ACK/NACK and SR is conducted using the orthogonal spreading sequence(s) and/or cyclic shift value(s) different from those used for transmission of pure ACK/NACK control signals. The simulation results presented here show good performance of the proposed scheme for single-user and multi-users cases at low and high speeds.

Hence, we propose to adopt this scheme for simultaneous transmission of ACK/NACK and SR on PUCCH.
Figure � SEQ Figure \* ARABIC �1�: Basic principle for ACK/NACK transmission. Only one slot is shown.
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