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1 Introduction

This document addresses CDM-based ACK/NAK signaling in uplink in response to downlink data transmission. In CDM based ACK/NAK transmission [1-4], different cyclic shifts of a base CAZAC sequence are assigned to different UEs for multiple access in the same resource block (RB). The CDM methods proposed in [2-4] require reference signal (RS) for coherent demodulation of the ACK/NAK bits. However, the non-coherent proposed in [1] conveys the ACK/NAK bit by transmitting a cyclic-shifted CAZAC sequence so that the ACK/NAK can be decoded by the amount of the cyclic shift of a base CAZAC sequence. In this contribution, we compare non-coherent ACK/NAK signaling schemes using frequency or time-domain code sequences as ACK/NAK indicators.
2 Non-coherent ACK/NAK transmission schemes
2.1 Frequency-domain codes as ACK/NAK indicators

Frequency-domain codes as ACK/NAK indicators (FDC-A) [1]
· The basic transmission unit is a single long block (LB).
· Two cyclic shifts of the base CAZAC sequence are reserved for the UE for the signalling of a single ACK/NAK bit.
·  The ACK/NAK information is one-to-one mapped to the two cyclic shifted CAZAC sequences, thus the amount of cyclic shift conveys the information of the ACK/NAK bit.
Frequency-domain codes as ACK/NAK indicators (FDC-B)

· The basic transmission unit consists of two LBs.

· A single or two cyclic shifts of the base CAZAC sequence are reserved for the UE for the signalling of a single ACK/NAK bit.
· If a single cyclic shifted sequence is reserved, only one LB is actually used in the transmission of the code sequence. Which LB to use for signalling is determined by the ACK/NAK bit value.

· If two cyclic shifted sequences are reserved, two consecutive LBs are used in the transmission. The one-to-one mapping relation between the ACK/NAK information and the transmission codes in the second LB is reversed against the mapping in the first LB. 
2.2 Time-domain codes as ACK/NAK indicators

Time-domain codes as ACK/NAK indicators (TDC)

· The basic transmission unit consists of two consecutive LBs.

· A single cyclic shift of the base CAZAC sequence is assigned to the UE.

· The ACK/NAK information is one-to-one mapped to two time-domain code sequences. Thus, the time-domain sequence index conveys the ACK/NAK information.
· When four consecutive LBs are used in the transmission, the mapping relation between the ACK/NAK information and the time-domain sequences is reversed in the second pair of LBs.
3 Comparison of proposed schemes

All the three schemes above are non-coherent methods not transmitting RS. For a fair comparison (at least at the link level), it is important to equate the number of resources used in different schemes. Here, the number of total resources used for ACK/NAK signaling is defined as follows under the assumption that CDM for multiple access of different UEs is only applied in the frequency domain.

(# of resources used) = (# of frequency-domain codes used or reserved) x (# of LBs used) 

Only one ACK/NAK bit transmission is considered in this contribution, and the signaling of the two ACK/NAK bits in response to two-codeword data transmission in downlink is considered as two independent transmissions of one ACK/NAK bit.  

Figure 1 illustrates a general symbol mapping in CDM-based non-coherent ACK/NAK signaling considered here. Each LB has the following transmission parameters: 
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m: base code index of a CAZAC sequence
q: cyclic shift index of a CAZAC sequence
S: symbol for modulation along the time
In Table 1, the transmission parameters, depending on the ACK/NAK information, are shown for each scheme. The different colors of LBs in the table imply different code sequences applied along the frequency. Note that in the FDC-A and FDC-B only one frequency code sequence is actually transmitted in each LB (simultaneous transmission of multi-codes from a single UE does not happen) in order to maintain the low PAPR property of the CAZAC sequence.

[image: image2.emf]0

()

0

(0) m

q

SC

1

()

1

(0) m

q

SC

0

()

0

(1)

m

q

SC

1

()

1

(1)

m

q

SC

0

()

0

(1) m

q

SCN



1

()

1

(1) m

q

SCN



: :

Subcarier

OFDM Symbol

LB #0

LB#1

2

()

2

(0) m

q

SC

3

()

3

(0)

m

q

SC

2

()

2

(1) m

q

SC

3

()

3

(1) m

q

SC

2

()

2

(1) m

q

SCN



3

()

3

(1) m

q

SCN



: :

LB #2 LB #3


Figure 1 General symbol mapping in non-coherent ACK/NAK transmission
Table 1 Transmission parameters of the proposed schemes (See Fig. 1)
	(# of resources)
	Frequency-domain code  A
(FDC-A)
	Frequency-domain code  B
(FDC-B)
	Time-domain code
(TDC)
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4 Simulation results
The link-level simulation parameters are listed in Table 2. Only consecutive LBs, which occupy 12 sub-carriers in the frequency (one physical resource block wide) are allocated for ACK/NAK signalling without applying frequency hopping. Note that if necessary, we can apply frequency hopping to all the three schemes on an equal footing by placing multiple basic transmission units in different time-frequency regions for frequency diversity; smaller basic transmission unit does not necessarily imply an advantage in the frequency hopping gain.  We assume the same transmit power from the UE across different LBs, and further assume that the transmit power per LB is the same regardless of different code-time resource usage in different schemes.
The detection error rates of the three non-coherent ACK/NAK signalling schemes (FDC-A, FDC-B, and TDC) are compared in the two types of resource usage for each scheme as shown in Table 1. At the receiver side, there are 12 effective channel taps in the time domain after de-spreading the received signal by multiplying 12 cyclic shifted versions of the base CAZAC sequence. In the detection, only one tap is used as suggested in [1]. In the FDC-A, the “max section energy” method [1] is employed in the detection of a cyclic shift of the CAZAC sequence and two consecutive LBs are coherently combined. In the FDC-B, when two LBs are used (four resource case), non-coherent combining of the two LBs is applied. In the TDC, when four LBs are used, the de-spread signals from the first and second pairs of LBs are accumulated in a non-coherent manner.
Table 2 Link-level simulation parameters

	Parameter
	Configuration

	Carrier frequency
	2.6 GHz

	Channel model
	TU-6, Node B AOA : 20 (degree),  Node B AS : 5 (degree), Spatial correlation: 0.0704 [5]

	Antenna configuration
	1 Tx, 2 Rx (10 λ spacing)

	UE speed
	3 km/h, 360 km/h

	Number of ACK/NAK bits
	1

	Resource allocation
	12 sub-carriers, 1 – 4 consecutive LBs (See Table 1), No RS transmitted.
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Figure 2 Two resources, UE speed: 3 km/h
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Figure 3 Two resources, UE speed: 360 km/h
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Figure 4 Four resources, UE speed: 3 km/h
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Figure 5 Four resources, UE speed: 360 km/h

Figures 2-5 show the ACK/NAK detection error rate as a function of the average SNR per subcarrier. 

· At UE speed 3 km/h, the TDC outperforms the FDC-A by 3 dB and 2 dB in the two and four resource cases, respectively. The FDC-A and FDC-B show almost the same performance in the two resource case, while the FDC-A  performs better than FDC-B by 1 dB in the four resource case, which is due to coherent accumulation gain in the FDC-A over non-coherent accumulation in the FDC-B.
· At UE speed 360 km/h, the TDC experiences performance degradation due to high Doppler in the two resource case. However, the TDC shows the best performance in the four resource case significantly outperforming the FDC-A and FDC-B (by 4 dB at the error rate of 10-3), which is due to relatively larger time diversity and the availability of more energy in the TDC. At high UE speeds, the FDC-B using non-coherent accumulation shows a comparable or better performance compared with the FDC-A using coherent accumulation at around the detection error rate of 10-3.  
· Assuming that the same amount of code-time resources is allocated, the FDC-A and FDC–B suffer from an energy loss for a given UE transmit power compared with the TDC. The energy loss problem can be critical for power-limited UEs (e.g., cell-edge UEs). 
5 Conclusion
In conclusion, we have compared uplink non-coherent ACK/NAK signaling schemes using frequency or time-domain code sequences for ACK/NAK indication. If the same amount of code-time resources is used, the time-domain code method has much better performance than the frequency-domain code method, mainly due to the energy loss problem inherent in the frequency-domain code method. Thus, we propose to use the non-coherent transmission scheme using time-domain sequences as ACK/NAK indicators. Further system-level simulations are needed to accurately assess the performance in the presence of the intra- and inter-cell interference from other UEs.
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