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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). Time domain multiplexing in block or symbol level is proposed in many contributions. One problem regarding the  time domain multiplexing is the fact, that the CQI size in the terms of symbol space is different depending on whether the ACK/NACK is transmitted or not. This will result in additional system complexity since separate coding schemes need to be specified for both cases. 
Another problem takes place, when the DL resource allocation fails. In that case ACK/NACK implicitly associated with the DL allocation grant is missing from the given UL sub-frame because the UE has missed the DL allocation and therefore has no reason to include an ACK/NACK into the transmitted sub-frame. However, the Node B cannot know that the ACK/NACK is not present and it may therefore interpret the CQI reception incorrectly. Interpreting CQI as ACK/NACK is a severe error situation from DL point of view (esp. when the CQI is interpreted as ACK), as a transmission is erroneously assumed to be OK, so higher layers will have to detect this and provide means to recover (much slower recovery than L1 recovery and much more overhead). As discussed in [1] there is a mechanism to avoid the error situation in the case when the ACK/NACK is transmitted with the UL data. However, we need a special concern with the case when ACK/NACK is transmitted with periodic CQI signalling transmitted on PUCCH. Therefore, in this contribution we present multiplexing options where DL ACK/NACK bit is included into the pilot sequences. This arrangement can solve both of the above mentioned problems. 
In this contribution we present link level performance comparison for different ACK/NACK + CQI multiplexing schemes. 
2. Joint ACK/NACK and RS scheme
The basic idea in the joint ACK/NACK and RS scheme is select the transmitted RS sequence depending on the ACK/NACK bit. The procedure can be summarized as follows:

· Two RS resources are reserved for each UE with CQI, one for ACK, and another one for NACK
· The UE will select the RS sequence based on the transmitted ACK/NACK information

· In the RX the channel estimation algorithm 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 (ACK or NACK).

One clear benefit in this approach is that the CQI symbol space remains constant regardless of the presence of ACK/NACK bit. 
3. Performance Evaluation
In this chapter we compare the performance of the joint ACK/NACK and RS modulation with the time domain multiplexing between ACK/NACK and CQI. We utilize DFT-S-OFDM type of transmission for CQI due to the fact that it provides the best performance for the whole range of the considered CQI sizes [2].
In time domain multiplexing ACK/NACK and CQI are multiplexed in symbol level before FFT.  The simulations are performed with two and three RS blocks/slot, and with two different symbol ratios (2 or 4 symbols/slot for ACK/NACK) between the CQI and ACK/NACK.  The considered symbol allocations with 2 and 3 RS blocks are shown in Table 1.
The used slot structure is show in Figure 1.  LBs #2, #4 and #6 are allocated for jointly transmitted RS and ACK/NACK and the remaining four blocks are used for CQI. 
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Figure 1 Slot structure of joint RS and ACK/NACK
Table 1. RS, ACK/NACK and CQI allocations, 3RSs / slot
	
	Number of PILOT blocks/slot
	Number of CQI+ACK/  NACK blocks/slot
	Number of CQI symbols /  slot
	Number of ACK/NACK symbols / slot
	CQI Encoding      Rate         

	TDM (1/2)  2RS
	2
	5
	8
	4
	10/32

	TDM (1/5) 2RS
	2
	5
	10
	2
	10/40

	TDM (1/2)  3RS
	3
	4
	8
	4
	10/32

	TDM (1/5) 3RS
	3
	4
	10
	2
	

10/40

	RS-ACK/NACK
	3
	4
	12
	-
	10/48


The evaluation is performed in TU 30 channel with four simultaneous UEs allocated to the given PUCCH. Each UE has both DL ACK/NACK and CQI to be transmitted.  Pilot and ACK/NACK signals are separated by using CDM both within and between the long blocks as described in e.g. [3]. The CQI size of 10 bits is assumed in simulations. It is noted joint modulation of ACK/NACK and RS provides the best coding gain for CQI because of the fact that ACK/NACK does not eat the CQI symbol space.
The required SNR for the CQI BLER of 10 % and ACK/NACK BER of 1 % are listed in Figure 2. The SNR vs. BER/BLER curves for 3 RS structures are shown in Figure 3 in the Appendix. Results show that the scheme where the ACK/NACK is transmitted jointly with the RSs gives clearly the best CQI performance a and almost the same ACK/NACK performance compared to TDM multiplexing where as many as 4/12 of the symbols/slot are allocated to ACK/NACK.  Figure 4 shows that ACK/NACK transmission combined with RS transmission causes only a negligible performance loss for CQI compared to the case where CQI is transmitted without ACK/NACK.
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Figure 2.  Performance comparison of different ACK/NACK & CQI multiplexing schemes
4. Summary

This contribution presented a joint RS and ACK/NACK modulation principle applicable to the case when the UE has both (DL) ACK/NACK and CQI signals to be transmitted but no the UL data.  Simulation results show that when taking into account both CQI and ACK/NACK performance, the proposed scheme is clearly better than the approach where ACK/NACK and CQI are TDM multiplexed. The presented scheme has two main benefits over previously proposed solutions:

· Lower encoding and signalling complexity since the  CQI size in the terms of symbol space does not depend on  the presence of  DL ACK/NACK

· Improved robustness against DL allocation grant signalling errors. CQI is never interpreted as ACK/NACK with the joint RS and ACK/NACK modulation.
Therefore we propose that on PUCCH the ACK/NACK signals should be transmitted with CQI by the means of modulated RS sequences. 
Results of this contribution also indicate that DFT-S-OFDM approach combined the existing ACK/NACK slot structure with 3 RS blocks /slot is the most feasible choice also for the CQI and CQI+ACK/NACK signaling.  
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Figure 3 10 Bits CQI (Block Coding) and ACK/NACK performance, 3 RSs.
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Figure 4. CQI BLER as a function of SNR. Blue curves: Joint RS & ACK/NAC + CQI (w/ tail-biting convolutional coding), red curves: 3 LB RS + CQI (w/ tail-biting convolutional coding).                                 
