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1. Introduction
This contribution deals with multiplexing of (DL) ACK/NACK and CQI within one UE having no data to transmit in the UL. This signalling combination is transmitted on physical uplink control channel (PUCCH). The approved targets for UL control signalling are repeated in Table 1 [3]. 

Table 1. Target quality for UL control signalling
	Event
	Target quality

	ACK misdetection (for DL-SCH)
	 (1e-2)

	DTX to ACK error (for DL-SCH)
	 (1e-2)

	NACK to ACK error (for DL-SCH)
	 (1e-4)

	CQI block error rate
	 FFS (1e-2 – 1e-1)


In case of DTX we refer to the discontinuous transmission of ACK/NACK together with CQI on PUCCH.  Time domain multiplexing between CQI and ACK/NACK is proposed in many contributions. One problem with TDM is that the quality criterion related DTX to ACK error is difficult to guarantee without continuous ACK/NACK overhead or without additional signalling.  Therefore, in [1] additional DTX signalling combined with TDM multiplexing is proposed.  In this contribution we evaluate performance of control signalling against target quality given in Table 1.
2. Performance Evaluation
Both DTX to ACK error and ACK misdetection probabilities depend on the length of the separation sequence.  In this contribution length 2 and length 3 orthogonal cover sequences are considered:


The used cover sequences are given in Table 2. It is noted that besides the cover sequences, cyclic shift separation can be used as well.

Table 2. Length 2 cover sequence

	    
	C1 
	C2 

	NACK/DTX
	              1
	             1

	NACK
	              1
	            -1


Table 3.Length 3 cover sequence
	    
	C1 
	C2 
	C3

	NACK/TX
	1
	1
	1

	ACK
	1
	ej2pi/3
	ej4pi/3


Table 4 summarizes the main parameters used in the link simulations. The results have been obtained assuming practical receiver and realistic channel estimation algorithms. Slot-based frequency hopping and TU channel with UE speed of 30 km/h were assumed.  The number of CQI bits is 5 and the number ACK/NACK bits is 1.  The ACK/NACK bit is detected by simple power detector [2].  The DTX to ACK target of 1%  is guaranteed  by means of proper threshold value.
    Table 4 Simulation parameters
	Number of information bits
	CQI: 5 bits
ACK/NACK: 1 bit

	Channel
	TU (3 km/h)

	Number of RS blocks 
	2, 3

	Channel codes
	Block code

	Receiver
	MRC

	Modulation
	QPSK

	System bandwidth
	5 MHz

	Number of UEs
	6

	Frequency hopping
	At slot boundary


Performance results for the 2 RS and 3 RS-case are shown in Figure 3 and results are summarized in Table 5.   Results show that 3 RS case outperforms 2 RS case with all quality metrics.  Regarding the DTX to ACK error and ACK misdetection probabilities, it is noted that 3 RS has about 2 dB lower SNR requirement. This is due to the fact that higher processing gain results in lower threshold value and lower threshold improves the detection probability.
Figure 4 compares the performance of CQI with and without ACK/NACK signalling. Because of the fact that performance of joint ACK/NACK and CQI transmission equals to CQI only transmission,  we suggest to multiplex CQI and ACK/NACK into same sub-frame.

Performance results have been summarized in Table 5.  3 RS+ACK/NACK case outperforms 2 RS+ACK/NACK in all performance metrics.  Regarding the DTX to ACK error and ACK misdetection probability, 3 RS+ACK/NACK has about 2 dB lower SNR requirement. This is because of the fact that higher processing gain results in lower threshold value and lower threshold improves the detection probability.
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Figure 3 Error rate as a function of SNR.
Table 5 Summary of simulation results

	Event
	SNR requirement to meet

target quality given in Table 1

	RS+ACK/NACK sequence length
	2 LB
	3 LB

	ACK misdetection (1e-2)
	-2.2 dB
	-4.2 dB

	NACK to ACK error (1e-4)
	-2.1 dB
	-4.0 dB

	CQI block error rate (1e-2)
	-5.0 dB
	-5.5 dB


Figure 4 compares the performance of CQI with and without ACK/NACK signalling. Because of the fact that performance of joint ACK/NACK and CQI transmission equals to CQI only transmission,  we suggest to multiplex CQI and ACK/NACK into same sub-frame. 
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Figure 4. CQI and ACK/NACK link performance as a function of SNR.
4. Summary

This contribution presents the performance of joint RS and ACK/NACK sequence modulation applicable to the case when the UE has CQI or  both ACK/NACK and CQI signals to be transmitted but no the UL data.  Link performance is analyzed as a function of joint RS and ACK/NACK sequence length.  Based on these results, it is proposed that 3 LBs jointly allocated to RS and ACK/NACK is used when CQI transmitted with ACK/NACK on PUCCH. This is the best way to meet the signalling targets with reasonable SNR level.
Results also show that in case of 5-bit CQI report, performance of joint ACK/NACK and CQI transmission equals to CQI only transmission. Therefore we suggest that

· Multiplexing of CQI and ACK/NACK into same sub-frame is supported

· CQI and CQI+ACK/NACK is transmitted in the same way using joint RS and ACK/NACK sequences of lengt-3 LB
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Figure � SEQ Figure \* ARABIC �1� Length 2 cover sequences
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