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1. Introduction

In this contribution, we compare the performance of signaling ACK/NAK in CQI RS by the methods in [1] and [2]. For 1 ACK/NAK bit, the proposals in [1] and [2] are identical. Thus, this contribution focuses on 2 ACK/NAK bits with various CQI coding schemes in [3], in low speed environment. In the following, we briefly compare the method in [1] and [2].

1.1. Performance

For the method in [2] to work properly, it is required that if W is a valid CQI codeword, -W is not a valid CQI codeword. On the other hand, the method in [1] does not have such a constraint on CQI codebook. Essentially, the minimum distance of applicable CQI codebook with [2] is strictly less than the minimum distance of applicable CQI codebook with [1]. Consequently, the CQI performance with [2] is worse than the CQI performance with [1].

In low speed environment, the ACK/NAK performance with [2] ties to the CQI error correction ability. As the CQI coding rate increases, the CQI performance degrades due to less coding gain. Thus, the ACK/NAK performance with [2] also decreases. With [1], the same ACK/NAK performance is maintained in low speed, irrespective of the CQI coding rate.
1.2. Complexity

The method in [2] requires hypothesis testing irrespective of the UE speed. On the other hand, the method in [1] does not require hypothesis testing in low speed environment, which provides better ACK/NAK BER performance and simpler receiver structure than [2].

2. BPSK/QPSK Modulation (TI)

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. Table 1 shows the mapping schemes for 2 ACK/NAK bits.
Table 1: 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
	
[image: image1.wmf]2

/

2

2

/

2

j

+


	1
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	(NAK, ACK)
	1
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	1
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	(ACK, NAK)
	1
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	(ACK, ACK)
	1
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In low speed environment, the method in [1] decodes ACK/NAK first, followed by CQI decoding, as in Section 3.1 in [1].

3. Orthogonal Covering (Samsung)

In [2], it is proposed that ACK/NAK is transmitted in CQI RS with orthogonal covering selection. Table 2 shows the mapping scheme for 2 ACK/NAK bits.
Table 2: 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


For the method in [2], hypothesis testing is adopted, as described in Section 3.2 in [1].

4. Simulation Results
In this section, we show simulation results for the three schemes outlined in Sections 2 and 3. The link level simulation assumptions are listed in Table 3. 6 ACK/NAK + CQI UEs are scheduled for transmission within one resource block.
Table 3: 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

	Channel Model
	SC

	Number of Receive Antennas
	2

	Number of Transmit Antennas
	1

	Timing Offset
	None

	Near-Far
	None

	Number of ACK/NAK Bits
	2

	Number of CQI Bits
	4 – 13

	Frame Structure
	Short CP


In [3], a tentative CQI coding scheme is proposed, which provides good CQI performance. Yet, the method in [2] cannot co-exist with the CQI coding scheme since the “all – 1” codeword exists. Thus, in this contribution, we temporarily remove the “all – 1” column in [3], such that the method in [2] can work. The CQI coding scheme is shown in Table 4 below. Note that in this contribution, the CQI coding scheme in Table 4 is applied to the method in [1] as well, although the method in [1] works with the original CQI coding scheme in [3], which provides even better CQI performance.  
Table 4: CQI Coding Scheme

	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10
	Mi,11
	Mi,12
	Mi,13

	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0

	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0

	2
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1
	1
	1
	1

	3
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1
	1
	1
	1

	4
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1

	5
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0

	6
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1
	0

	7
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1
	1
	1
	1

	8
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1
	1
	1
	1

	9
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1
	1

	10
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1

	11
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	1
	1

	12
	0
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1
	1
	1

	13
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1

	14
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1

	15
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1

	16
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0
	1
	1
	1

	17
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1
	1

	18
	1
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1

	19
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	1
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Figure 1: Performance Comparison of [1] and [2]
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Figure 2: Performance Comparison of [1] and [2]
Figures 1 – 2 show the ACK/NAK BER and CQI BLER for the method in [1] and [2]. We have the following observations:

· The ACK/NAK performance with [2] ties to the CQI coding rate. As the CQI coding rate increases, both the CQI BLER and ACK/NAK BER degrades due to less coding gain.

· The ACK/NAK performance with [1] is not affected by the CQI coding rate, because ACK/NAK is decoded before CQI in low speed scenario.

· The ACK/NAK and CQI performance with [1] is better than [2], especially for high CQI coding rates.
5. Conclusions
In the contribution, we compare the ACK/NAK in CQI RS methods in [1] and [2]. We show that the method in [1] performs better in terms of ACK/NAK and CQI than the method in [2]. Moreover, the method in [1] works properly with the proposed CQI coding scheme in [3], while the method in [2] cannot. Thus, we recommend the method in [1].
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