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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 the physical uplink control channel (PUCCH). At RAN1#51 in Jeju, multiplexing of ACK/NACK and CQI was discussed. It was agreed to support this in the specifications. The "A/N signalled using RS" was interpreted differently after the meeting in (at least) three ways.

· Multiplying the second RS in the slot depending on the ACK/NACK [1]
· Selecting the cyclic shift and the cover sequence of the CAZAC sequence depending on the ACK/NACK [2]
· Selecting the cover sequence depending on the ACK/NACK [3]       
Fundamentally the three methods are quite close to each other – in fact the first and the third one can be seen as a subset of the second method. In this contribution we present the evaluation between the three approaches. 
2. Shift Selection
The proposed shift index mapping is given for 1-bit ACK/NACK in Table 1

Table 1. Mapping for 1 bit ACK/NACK into reference signal

	      A/N
	Shift Index

	ACK
	        s(i)

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


The benefit of this kind arrangement is that there is always reference signal available in both pilot blocks allowing for simple detection even in high speed case. An example of ACK/NACK sequences for sequence index 1 is given in Table 2.

Table 2. Example of ACK and NACK pilot sequences (reference samples in green colour)
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Regarding the shift allocations between UEs we recommend staggered RS structure as shown Table 3 in order to maximize the separation between UEs.
Table 3. Staggered resource allocation and shift selection  for RS + ACK/NACK 
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The proposed shift index mapping is given for 2-bit ACK/NACK in Table 4.
Table 4. Shift allocation for slot #1
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Shift Index 0 1

0 UE#1 ACK/ACK UE#1 NACK/ACK

1 UE#1 ACK/NACK UE#1 NACK/NACK

2 UE#2 ACK/ACK UE#2 NACK/ACK

3 UE#2 ACK/NACK UE#2 NACK/NACK

4 UE#3 ACK/ACK UE#3 NACK/ACK

5 UE#3 ACK/NACK UE#3 NACK/NACK

6 UE#4 ACK/ACK UE#4 NACK/ACK

7 UE#4 ACK/NACK UE#4 NACK/NACK

8 UE#5 ACK/ACK UE#5 NACK/ACK

9

UE#5 ACK/NACK UE#5 NACKNACK

10 UE#6 ACK/ACK UE#6 NACK/ACK

11 UE#6 ACK/NACK UE#6 NACK/NACK


In order to mitigate interference between UEs we have used randomization between slots. The shift and cover index mapping for the second slot are given in Table 5.
Table 5. Shift allocation for slot #2
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Shift Index 0 1

0 UE#1 ACK/ACK UE#1 NACK/ACK

1 UE#1 ACK/NACK UE#1 NACK/NACK

2 UE#4 ACK/ACK UE#4 NACK/ACK

3

UE#4 ACK/NACK UE#4 NACK/NACK

4 UE#2 ACK/ACK UE#2 ACK/NACK

5 UE#2 NACK/ACK UE#2 NACK/NACK

6 UE#6 ACK/ACK UE#6 NACK/ACK

7 UE#6 ACK/NACK UE#6 NACK/NACK

8 UE#3 ACK/ACK UE#3 ACK/NACK

9 UE#3 NACK/ACK UE#3 NACK/NACK

10 UE#5 ACK/ACK UE#5 ACK/NACK

11

UE#5 NACK/ACK UE#5 NACKNACK


3. Performance evaluation

Table 6 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 and 360 km/h were assumed.  In this simulation the number of CQI bits is 5 and 10 and the number ACK/NACK bits 1 and 2, respectively.  The ACK/NACK bit is detected by using ML detector or simple power detector.  In ML detector the CQI is decoded by using all the ACK/NAK hypotheses for estimating the channel and ACK/NACK detection is based on the smallest metric. In power detector the received RS blocks are correlated by ACK/NACK sequences and ACK/NACK bit is detected based on the highest correlation value.  
    Table 6 Simulation parameters
	Number of information bits
	CQI: 5/10 bits
ACK/NACK: 1/2 bit

	Channel
	TU (3 km/h and 360 km/h)

	Number of RS blocks 
	2

	Channel codes
	Block code

	Receiver
	MRC/ML

	Modulation
	QPSK

	System bandwidth
	5 MHz

	Number of UE
	6

	Frequency hopping
	At slot boundary


Performance results for 1-bit ACK/NACK and 5-bit CQI are shown in Figure 1. Results show that in high speed case RS modulation does not work with simple receiver. The reason for this is that the frequency error due to high velocity destroys the orthogonality of different RS covers or modulations. However, by choosing the RS resource, i.e. both cyclic shift and cover sequence depending on the ACK/NACK bit(s) the orthogonality is perfectly maintained.
With ML receiver shift + cover selection performs about 2 dB better than RS modulation or cover selection. Note that in the case of 1-bit ACK/NACK RS modulation equals to cover selection.  
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Figure 1  TU 360: 1-bit ACK/NACK link performance with 5 bits CQI as a function of SNR.
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Figure 2 TU 3:  2-bit ACK/NACK link performance with 10 bits CQI.   ML detector
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Figure 3 TU 360: 2-bit ACK/NACK link performance with 10-bit CQI, ML detector
4. Summary

This contribution presents the performance evaluation between RS modulation, cover selection and combined shift and cover selection. The results show that in high speed case RS modulation nor cover selection do not work with simple receiver because the channel changes between RS blocks. Even with ML receiver, shift selection performs about 2 dB better than RS modulation. In the case of two ACK/NACK bits shift selection performs about 1 dB better than RS modulation in both low and high speed case. Therefore we suggest that combined shift and cover selection is selected as ACK/NACK transmission method with CQI. 
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