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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). 
An open issue regarding to ACK/NACK transmission/reception is the support for DTX detection
. DTX detection may be needed to identify possible signalling errors related to DL allocation grant signalling. We note that, DTX detection can be based on the energy detection in case that ACK/NACK is transmitted w/o CQI on the PUCCH. On the other hand, as proposed in [1], it is possible to signal the presence of ACK/NACK in the DL allocation grant, to support DTX detection and to minimize the NACK/DTX to ACK error in case when ACK/NACK is multiplexed with UL data. A DTX indication scheme for the case when (DL) ACK/NACK is transmitted with CQI is considered in this paper, i.e. a way of avoiding the need to blindly detect of the presence of the ACK/NACK. 
It has been decided that ACK/NACK and CQI from the same UE are multiplexed by means of time domain multiplexing. Separate and joint coding between ACK/NACK and CQI have been proposed in different contributions. In this contribution we compare link level performance of two approaches.

2. Joint DTX Indication and RS Scheme
It has been decided in  RAN1#49 that CQI is transmitted by means of modulated CAZAC sequences. In  RAN1#49bis meeting in Orlando it was decided that two RS blocks per slot will applied for CQI transmitted on PUCCH (FDD and short CP configuration). 

The basic idea of joint DTX indication and RS scheme is to select the transmitted RS sequence depending on the presence of simultaneous ACK/NACK signal. Similar principle for ACK/NACK signalling using RS sequence was presented in [2]. The scheme of joint DTX indication and RS scheme is summarized as follows:

· Two RS resources are reserved for each UE transmitting CQI (or CQI and ACK/NACK) on PUCCH. 

· The UE will select the RS sequence based on the presence of simultaneous ACK/NACK signal. Possible DL allocation grant failure will contribute on this selection.
· Channel estimator at the Node B correlates the received pilot sequences with two candidate sequences, and the one with the higher correlation would be interpreted as the transmitted sequence (CQI or CQI+ACK/NACK). This sequence is used as RS for CQI and possible ACK/NACK signals.
Once the presence of ACK/NACK signal is detected, the Node B receiver will receive CQI or CQI+ACK/NACK signals using the sequence providing higher correlation peak as a RS.
 2. Simulation setup
Performance of DTX detection, ACK/NACK detection and CQI detection was simulated by means of link simulation. 2 RS blocks per slot were assumed. Both separate and joint coding between ACK/NACK and CQI were studied. Table 1 shows the simulation setup for separate coding and Figure 2 for joint coding, respectively. With separate coding two different ratios between ACK/NACK and CQI were considered, namely 1 ACK/NACK blocks per slot and 2 ACK/NACK blocks per slot. It is noted that ACK/NACK and CQI can also be divided by a half of LB in case of QPSK modulation. 

In the simulation, an equal probability (50%) for the cases with CQI+ACK/NACK and CQI + DTX was assumed.
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Table 1 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 3 km/h were assumed. In this simulation the number of CQI bits was set to be 5 and the number ACK/NACK bits to 1, respectively.
Table 1. Simulation parameters

	Number of information bits
	5 CQI, 1 ACK/NACK

	Code word length for CQI
	Separate coding:

· 12 (1 ACK/NACK symbol per slot)

· 16 (2ACK/NACK symbols per slot)

· 20 (DTX)

Joint coding: 

· 20 (w/ ACK/NACK)

· 20 (DTX)


	Channel
	TU (3 km/h)

	Number of RS blocks 
	2

	Channel code
	Block code

	Receiver
	MRC

	Modulation
	QPSK

	Transmission bandwidth
	180 kHz

	Frequency hopping
	At slot boundary


4. Performance results
Link performance results are shown in Figure 3 -Figure 5. Results with separate coding having two different symbol ratios between ACK/NACK and CQI are shown in Figure 3 and Figure 4. Performance results with joint coding are illustrated in Figure 5. 

Results show that DTX detection performance of proposed joint DTX indication and RS scheme is sufficient. It can be assumed that performance requirement for DTX detection is not as tight as for ACK/NACK signalling. This is due to fact that higher layer error (DTX->ACK) will take place only after two consecutive error situation, PDCCH error and DTX detection error. We assume that error rate of 10-2 is sufficient for DTX detection.
When comparing ACK/NACK and CQI performance between separate and joint coding, we note that the biggest difference exists with ACK/NACK performance. When considering operation point of 10-2, we note that separate coding performs about 1.5 dB better than joint coding. Differences in CQI performance are quite marginal, especially when considering the separate coding case in which only one symbol from each slot is allocated for ACK/NACK.

Based on these results we propose separate coding between ACK/NACK and CQI. We note that it provides a straightforward way to control different error requirements of ACK/NACK and CQI. We also emphasize that, as discussed in [2], separate coding provides better support for CQI spanning/repetition over multiple sub-frames. 
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Figure 3.  Separate coding, 2+2 symbols for ack/nack, cqi: (12,5) / (20,5)
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Figure 4.  Separate coding, 1+1 symbols for ack/nack, cqi: (16,5) / (20,5)
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Figure 5.  Joint coding.

5. Summary

We have shown that in the case when ACK/NACK may be multiplexed with CQI on PUCCH, it is feasible to include the ACK/NACK DTX information into the RS sequences. 

We have compared the performance of separate and joint coding between ACK/NACK and CQI signals. Results show that separate coding provides better performance for ACK/NACK signalling. Based on these results we propose that separate coding should be selected as a way forward in 3GPP.
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Figure � SEQ Figure \* ARABIC �1�. Simulation setup for DTX/ACK/NACK/CQI detection, separate coding





Figure � SEQ Figure \* ARABIC �2�. Simulation setup for DTX/ACK/NACK/CQI detection, joint coding











� In this contribution, by DTX we refer to the discontinuous transmission of ACK/NACK together with CQI on PUCCH. Although the ACK/NACK signal may not be present all the time in this case, the simultaneous CQI transmission still exists, i.e. some UE transmission shall take place.





