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1. Introduction

For normal cyclic prefix frame structure, ACK/NAK is signaled in CQI reference signals (RS), in case a UE needs to transmit ACK/NAK and CQI in the same subframe [5]. Different schemes [1] – [3] for transmitting ACK/NAK in CQI RS have been proposed. In this contribution, we compare the performance of the three schemes.
2. BPSK/QPSK Modulation (TI)

2.1. Mapping Tables
In [1], it is proposed that ACK/NAK is transmitted in one of the CQI RS symbols by modulating the CQI RS with a corresponding BPSK/QPSK symbol. Tables 1 – 2 show the mapping schemes for 1 or 2 ACK/NAK bits, respectively.
Table 1: 1 ACK/NAK Bit with BPSK

	A/N

(A1)
	CS1CQI,RS

	
	Slot 0
	Slot 1

	
	CQI RS 1
	CQI RS 2
	CQI RS 1
	CQI RS 2

	(NAK)
	1
	1
	1
	1

	(ACK)
	1
	-1
	1
	-1


Table 2: 2 ACK/NAK Bits with QPSK

	A/N

(A1A2)
	CS1CQI,RS

	
	Slot 0
	Slot 1

	
	CQI RS 1
	CQI RS 2
	CQI RS 1
	CQI RS 2

	(NAK, NAK)
	1
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	(NAK, ACK)
	1
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	(ACK, NAK)
	1
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	(ACK, ACK)
	1
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Let CSCQI,data(k) denote the cyclic shift assigned to CQI UE k for the CQI data transmission. It is recommended that the cyclic shifts of the CQI RS assigned to UE k have the following property:
CS1CQI,RS(k)
= CSCQI,data(k), where 0 ≤ CSCQI,data(k) ≤ 11.
2.2. ACK/NAK Decoding Algorithms

· Low speed: Coherent demodulation, as specified in Section 3.1 in [4].
· High speed: Blind decoding, as discussed in Section 3.2 in [4].
3. Cyclic Shift Selection (NSN)

3.1. Mapping Tables
In [2], it is proposed that ACK/NAK is transmitted in CQI RS with a combination of cyclic shift selection and orthogonal covering selection. Tables 3 – 4 show the mapping scheme for 1 or 2 ACK/NAK bits, respectively, which are interpreted from Tables 2 – 3 in [2].
Table 3: 1 ACK/NAK Bit with Cyclic Shift Selection

	A/N

(A1)
	CS1CQI,RS
	CS2CQI,RS

	
	Slot 0
	Slot 1
	Slot 0
	Slot 1

	
	CQI RS 1
	CQI RS 2
	CQI RS 1
	CQI RS 2
	CQI RS 1
	CQI RS 2
	CQI RS 1
	CQI RS 2

	(NAK)
	1
	1
	1
	1
	0
	0
	0
	0

	(ACK)
	0
	0
	0
	0
	1
	-1
	1
	-1


Table 4: 2 ACK/NAK Bits with Cyclic Shift Selection
	A/N

(A1A2)
	CS1CQI,RS
	CS2CQI,RS

	
	Slot 0
	Slot 1
	Slot 0
	Slot 1

	
	CQI RS 1
	CQI RS 2
	CQI RS 1
	CQI RS 2
	CQI RS 1
	CQI RS 2
	CQI RS 1
	CQI RS 2

	(NAK,NAK)
	1
	1
	1
	1
	0
	0
	0
	0

	(NAK,ACK)
	0
	0
	0
	0
	1
	1
	1
	-1

	(ACK,NAK)
	1
	-1
	1
	1
	0
	0
	0
	0

	(ACK,ACK)
	0
	0
	0
	0
	1
	-1
	1
	-1


Let CSCQI,data(k) denote the cyclic shift assigned to CQI UE k for the CQI data transmission. From Table 1 in [2], we have
CS1CQI,RS(k)
= CSCQI,data(k)

CS2CQI,RS(k)
= mod(CSCQI,data(k) + 5, 12)

where 0 ≤ CSCQI,data(k) ≤ 11.

3.2. ACK/NAK Decoding Algorithms

· Low speed: energy detection, with coherent accumulation within slot, and non-coherent accumulation across two slots in the subframe.
· 1 ACK/NAK bit high speed: energy detection, with non-coherent accumulation within and across the two slots (i.e. over 4 CQI RS symbols) in one subframe 

· 2 ACK/NAK bits high speed: energy detection for ACK/NAK bit (A2), with non-coherent energy accumulation over 4 CQI RS symbols in one subframe; blind decoding for ACK/NAK bit (A1) as in Section 3.2 in [4].
4. Orthogonal Covering (Samsung)

4.1. Mapping Tables
In [3], it is proposed that ACK/NAK is transmitted in CQI RS with orthogonal covering selection. Tables 5 – 6 show the mapping scheme for 1 or 2 ACK/NAK bits, respectively.
Table 5: 1 ACK/NAK Bit with CQI RS Orthogonal Covering

	A/N

(A1)
	CS1CQI,RS

	
	Slot 0
	Slot 1

	
	CQI RS 1
	CQI RS 2
	CQI RS 1
	CQI RS 2

	(NAK)
	1
	1
	1
	1

	(ACK)
	1
	-1
	1
	-1


Table 6: 2 ACK/NAK Bits with CQI RS Orthogonal Covering

	A/N

(A1A2)
	CS1CQI,RS

	
	Slot 0
	Slot 1

	
	CQI RS 1
	CQI RS 2
	CQI RS 1
	CQI RS 2

	(NAK, NAK)
	1
	1
	1
	1

	(NAK, ACK)
	1
	1
	-1
	-1

	(ACK, NAK)
	1
	-1
	-1
	1

	(ACK, ACK)
	1
	-1
	1
	-1


Note the mapping scheme for 1 ACK/NAK bit in [3] is the same as the one in [1].
4.2. Decoding algorithms

· 1 ACK/NAK Bit Low Speed: Coherent demodulation, as in Section 3.1 in [4].
· 2 ACK/NAK bits Low Speed: Blind decoding, as Section 3.2 in [4].

· High speed: Blind decoding, as Section 3.2 in [4].
5. Simulation Results
In this section, we show simulation results for the three schemes outlined in Sections 2 – 4. The link level simulation assumptions are listed in Table 7. Six ACK/NAK + CQI UEs are scheduled for transmission within one resource block. Timing offset (TO) and near-far (NF) effects are modeled as uniform random variables. RM code is assumed for CQI [6].
Table 7: Link Level Simulation Assumptions

	Parameters
	Assumptions

	Numerology
	5MHz @ 2.0GHz

	Resource Block
	180 kHz (15 kHz x 12)

	Frequency Hopping Subframes
	2

	Number of UEs
	6

	UE Velocity
	3 km/h or 350 km/h

	Channel Model
	SC

	Number of Receive Antennas
	2

	Number of Transmit Antennas
	1

	Timing Offset
	Uniform Distributed between [-0.52, 0.52] us

	Near-Far
	Uniform Distributed between [-3, 3] dB

	Number of ACK/NAK Bits
	1 or 2

	Number of CQI Bits
	8

	Frame Structure
	Short CP


Figures 1 – 4 show the ACK/NAK and CQI performance. Table 8 summarizes the relative performance of the three embedding ACK/NAK in CQI RS methods.
[image: image9.emf]-10 -5 0

10

-3

10

-2

10

-1

10

0

1 A/N Bit, 3 km/h, Ideal     

SNR (dB)

Error Rate

 

 

A/N BER, TI/Samsung

CQI BLER, TI/Samsusng

A/N BER, NSN

CQI BLER, NSN

 [image: image10.emf]-10 -5 0

10

-3

10

-2

10

-1

10

0

1 A/N Bit, 3 km/h, TO + NF   

SNR (dB)

Error Rate

 

 

A/N BER, TI/Samsung

CQI BLER, TI/Samsusng

A/N BER, NSN

CQI BLER, NSN


Figure 1: 1 ACK/NAK Bit, 3 km/h, Ideal (left), with Timing Offset and Near – Far (Right)
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Figure 2: 1 ACK/NAK Bit, 350 km/h, Ideal (left), with Timing Offset and Near – Far (Right)
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Figure 3: 2 ACK/NAK Bits, 3 km/h, Ideal (left), with Timing Offset and Near – Far (Right)
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Figure 4: 2 ACK/NAK Bits, 350 km/h, Ideal (left), with Timing Offset and Near – Far (Right)
Table 8: ACK/NAK Performance Comparison

	
	TI
	Samsung
	NSN

	1 A/N Bit, Low Speed
	Same
	Same
	Same

	1 A/N Bit, High Speed
	Same as Samsung
	Same as TI
	Best

	2 A/N Bits, Low Speed
	Best
	Second Best
	Worst

	2 A/N Bits, High Speed
	Best
	Second Best
	Worst


6. Conclusions
In this contribution, we compare the performance of three methods which signal ACK/NAK in CQI RS. In low speed environment, modulating one of the CQI RS symbols with BPSK or QPSK has the best performance. Since LTE shall be optimized for low speed, we propose to adopt the scheme in Section 2 as the method of signaling ACK/NAK in CQI RS.
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