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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 signaling combination is transmitted on the physical uplink control channel (PUCCH). We think that simultaneous transmission of CQI and ACK/NACK (i.e., in the same sub-frame) on PUCCH needs to be supported.  If simultaneous ACK/NACK and CQI transmission is not allowed, some degradation in scheduling and resource allocation flexibility will be suffered. This is because of the fact that some CQI reports will be lost.  Additionally, from the spectrum efficiency point of view, it is better to transmit CQI and ACK/NACK together. Otherwise the pilot overhead will be doubled.  Furthermore, it is noted that ACK/NACK prioritization can always be used in coverage limited situations (this is according to existing working assumptions related to ACK/NACK repetition). 
Separate coding and joint coding between ACK/NACK and CQI have been proposed by different companies. Separate coding is proposed to be made either with modulated RS sequences [3, 4, 7] or using symbol level TDM [5, 6].  One problem with TDM approach is that the quality criterion related DTX to ACK error is difficult to guarantee without continuous ACK/NACK overhead or without additional UL signaling [1].  Our preferred multiplexing scheme is separate coding with joint RS and ACK/NACK sequence modulation. 
In this contribution we present the detailed multiplexing scheme in the case when ACK/NACK is included in the reference signal. 
2. Detailed multiplexing scheme
In [4] ACK/NACK bit is transmitted using the RS cover sequence. [7] proposes that ACK/NACK is modulated into the second RS symbol. The problem related to both approaches is the fact that ACK/NACK performance is not sufficient with 5 bits CQI  [8].   In order to maximize the UE and ACK/NACK signal separation we recommend staggered RS structure as shown in Table 1. The proposed cover and shift index mapping is given for both 1-bit ACK/NACK (Table 3) and for 2-bit ACK/NACK (Table 3) cases. It is noted that mapping is valid even when the ACK/NACK performance is boosted by longer cover sequence which has been shown to be beneficial with 5-bit CQI [8].  The third cover index existing with longer cover sequence is not used at all in the ACK/NACK channelization.

 Table 1 Staggered resource allocation for RS + ACK/NACK 
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Table 2. Mapping for 1 bit ACK/NACK into reference signal 

	    ACK/NACK
	Slot #1 
	Slot #2

	      Bits
	Cover Index
	Shift Index
	Cover Index
	Shift Index

	0 
	     0
	        s(i)
	     0
	         s(i)

	1 
	     1
	mod(s(i)+6,12)
	     1
	mod(s(i)+6,12)


Table 3.  Mapping for 2 bits ACK/NACK into reference signal (s(i) is the UE specific cyclic shift index)
	    ACK/NACK
	Slot #1 
	Slot #2

	      Bits
	Cover Index
	Shift Index
	Cover Index
	Shift Index

	0 0
	     0
	        s(i)
	     0
	         s(i)

	0 1
	     0
	mod(s(i)+6,12)
	     1
	mod(s(i)+6,12)

	1 0
	     1
	      s(i)
	     0
	        s(i)

	1 1
	     1
	mod(s(i)+6,12)
	     1
	mod(s(i)+6,12)


3. Performance evaluation

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.  In this simulation the number of CQI bits is 10 and the number ACK/NACK bits 2, respectively.  The ACK/NACK bit is detected by using ML detector 
    Table 4 Simulation parameters

	Number of information bits
	CQI: 10 bits
ACK/NACK: 2 bit

	Channel
	TU (3 km/h)

	Number of RS blocks 
	2

	Channel codes
	Block code

	Receiver
	MRC

	Modulation
	QPSK

	System bandwidth
	5 MHz

	Number of UE
	1

	Frequency hopping
	At slot boundary


Performance results for ACK/NACK and CQI are shown in Figure 1. Results show that both ACK/NACK and CQI meet the error requirements at SNR level of -2.2 dB.
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Figure 1.CQI and ACK/NACK link performance as a function of SNR.
Figure 2 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.

[image: image3.emf]0.001

0.01

0.1

1

-16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2

SNR [dB]

CQI with ACK/NACK

CQI without ACK/NACK


Figure 2 CQI BLER w/o 2-bits ACK/NACK
Figure 3 shows that in the terms of ACK/NACK BER, presented joint ACK/NACK and CQI sequence modulation performs about 1.5 dB better than CQI BER without ACK/NACK signaling. We note that joint coding can not perform better than CQI BER,  if the CQI performance is kept same level, thus, CQI BER reflects the upper-bound of ACK/NACK BER with joint coding   Thus, joint RS and ACK/NACK sequence modulation outperforms upper bound of joint coding by 1.5 dB assuming same CQI performance for both.
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Figure 3 10-bits CQI BER without ACK/NACK signaling and ACK/NACK BER of joint ACK/NACK and CQI sequence modulation

4. Summary

This contribution presented multiplexing details and performance using joint RS and ACK/NACK sequence modulation. Results show that:

· Both ACK/NACK and CQI meet the error requirements at SNR level of -2.2 dB. 
· In case of 10-bit CQI report, performance of joint ACK/NACK and CQI transmission equals to CQI only transmission. 
· Joint RS and ACK/NACK sequence modulation outperforms upper bound of joint coding by 1.5 dB. The assumption is that CQI performance is kept to same. 

Therefore we suggest that multiplexing of CQI and ACK/NACK into same sub-frame by using joint RS and ACK/NACK sequence modulation with staggered resource mapping is included into the LTE specifications.
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