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1 Introduction

According to the current working assumptions that have been agreed at the last Sorrento meeting, uplink data-non associated control signaling in the absence of data employs CDM multiplexing of different UE’s control signals in the same control channels (See Fig. 1). In CDM based transmission methods [1-5], different cyclic shifts of a base CAZAC sequence are assigned to different UEs for orthogonal spreading; the UE signal is spread along the frequency axis using the assigned cyclic shifted CAZAC sequence.
This contribution compares coherent and non-coherent methods for the CDM-based ACK/NAK signaling in the uplink. In the coherent ACK/NAK signaling, the reference signal (RS) is transmitted for coherent demodulation of ACK/NAK information [1-3]. In contrast, in the non-coherent methods [4, 5], the RS is not transmitted and the ACK/NAK information is signaled by transmitting a cyclic-shifted CAZAC sequence or a block-level modulated sequence. 
This contribution considers non-coherent ACK/NAK signaling methods transmitting a block-level modulation sequence to indicate ACK/NAK information. Link-level simulations show that in two-bit ACK/NAK signaling, the non-coherent method is significantly better than coherent methods in performance, while in one-bit ACK/NAK signaling, both coherent and non-coherent methods show a very similar performance.
2 Coherent ACK/NAK transmission schemes
For coherent ACK/NAK transmission, we consider the following two structures with different numbers of RS blocks (BLs) in the slot.
Coherent method with two RS blocks per slot (Coh-2RS)
The coherent scheme with two RS’s per slot is shown in Fig. 2. BL #1 and # 5 contain RS, and BL #0, #2, #3, #4, and #6 are used to transmit ACK/NAK information. QPSK and BPSK modulations are employed in two- and one-bit ACK/NAK cases, respectively.
Coherent method with three RS blocks per slot (Coh-3RS)
The coherent scheme with three RS’s per slot is shown in Fig. 3. BL #0, #3 and # 6 contain RS, and BL #1, #2, #4, and #5 are used to transmit ACK/NAK information. QPSK and BPSK modulations are employed in two- and one-bit ACK/NAK cases, respectively.
3 Non-coherent ACK/NAK transmission schemes

For non-coherent ACK/NAK transmission, we consider two types of non-coherent schemes both using block-level modulation with no RS blocks in the slot (See Fig. 4). The non-coherent methods indicate ACK/NAK information by transmitting block-level modulated sequences, i.e., the ACK/NAK information is one-to-one mapped to the block-level modulation sequences.
Non-coherent method based on Walsh codes (NonCoh-Walsh)
The ACK/NAK information is one-to-one mapped to Walsh codes. The ACK/NAK signal modulated with Walsh code sequences at the block level conveys the ACK/NAK information. The details of the mapping relation between the ACK/NAK information and Walsh-code based modulation sequences are shown in Table 1, where Si denotes the modulation symbol for the i-th BL in Fig. 4.
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Figure 1 Control channels in the uplink 
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Figure 2 Slot structure for the coherent scheme with two RS’s per slot
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Figure 3 Slot structure for the coherent scheme with three RS’s per slot

Non-coherent method based on DFT vectors (NonCoh-DFT)

The ACK/NAK information is one-to-one mapped to DFT vectors. The ACK/NAK signal modulated with DFT sequence at the block level conveys the ACK/NAK information. The mapping relation between the ACK/NAK information and DFT-code based modulation sequences is shown in Table 2. In Table 2, the modulation symbols for DFT codes are represented by QPSK symbols shown below.  
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Figure 4 Slot structure for the non-coherent schemes
Table 1 Non-coherent method based on Walsh  codes
	ACK/NAK bits
	S0
	S1
	S2
	S3
	S4
	S5
	S6

	00
	0
	1
	1
	1
	1
	1
	1
	1

	01
	
	-1
	-1
	1
	1
	-1
	-1
	1

	11
	1
	-1
	1
	-1
	1
	-1
	1
	-1

	10
	
	1
	-1
	-1
	1
	1
	-1
	-1


Table 2 Non-coherent method based on DFT codes
	ACK/NAK bits
	S0
	S1
	S2
	S3
	S4
	S5
	S6

	00
	0
	Q0
	Q0
	Q0
	Q0
	Q0
	Q0
	Q0

	01
	
	Q1
	Q2
	Q3
	Q0
	Q1
	Q2
	Q3

	11
	1
	Q2
	Q0
	Q2
	Q0
	Q2
	Q0
	Q2

	10
	
	Q3
	Q2
	Q1
	Q0
	Q3
	Q2
	Q1


4 Simulation results
The link-level simulation parameters are listed in Table 3. The detection error rates of the coherent and non-coherent ACK/NAK signalling schemes are compared at low and high UE speeds. At the receiver side, de-spreading along the frequency axis is first applied to each BL by multiplying the complex conjugate of the cyclic shifted CAZAC sequence. Then, in the coherent methods, the channel estimation is done using the RS blocks. 
In the non-coherent methods, the CAZAC-de-spread signals are further de-spread along the time axis with Walsh or DFT codes. Finally, the ACK/NAK decision is made by comparing the energies of the de-spread signals corresponding to hypothesis sequences.
Figures 5-8 show the ACK/NAK detection error rates as a function of SNR per subcarrier and Rx antenna. In NonCoh-Walsh and NonCoh-DFT schemes in the figure, the de-spreading along time is taken independently for two coherence segments of the slot, i.e., the first segment consisting of S0, S1, S2, and S3 symbols, and the second segment consisting of S3, S4, S5, and S6 symbols. Then, the two de-spreading results are combined non-coherently. In NonCoh-Wash* detection, the de-spreading along time is applied for the whole slot length. 

Table 3 Link-level simulation parameters
	Parameter
	Configuration

	Carrier frequency/ System bandwidth
	2.0 GHz / 10 MHz

	Channel model
	TU-6,  No spatial correlation

	Antenna configuration
	1 Tx, 2 Rx

	UE speed
	3 km/h, 360 km/h

	Number of ACK/NAK bits
	1, 2

	Resource allocation
	12 sub-carriers per slot, 2 slots (bottom and top bands)

 (See Figs. 1-4)
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Figure 5 Two-bit ACK/NAK, UE speed: 3 km/h

[image: image7.wmf]-14

-12

-10

-8

-6

-4

-2

10

-4

10

-3

10

-2

10

-1

2 bit ACK/NAK signaling, 360 km/h

Dectection Error Rate

SNR Per Antenna (dB)

 Coh_2RS

 Coh_3RS

 NonCoh_Walsh

 NonCoh_Walsh*

 NonCoh_DFT


Figure 6 Two-bit ACK/NAK, UE speed: 360 km/h
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Figure 7 One-bit ACK/NAK, UE speed: 3 km/h
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Figure 8 One-bit ACK/NAK, UE speed: 360 km/h

From the simulation results, we observe the followings. 

· Two-bit ACK/NAK transmission: The coherent scheme with three RS’s (Coh-3RS) performs better than the coherent scheme with two RS’s (Coh-2RS) by ~ 0.5 dB. The non-coherent signaling scheme based on Walsh codes (NonCoh-Walsh) shows the best performance, significantly outperforming the coherent schemes. At the detection error rates of 10-2 ~ 10-3, the performance gain of the non-coherent methods over the coherent method (Coh-3RS) amounts to 2 ~ 3 dB.
· One-bit ACK/NAK transmission: The coherent scheme with three RS’s (Coh-3RS) has a slight gain (~ 0.2 dB) over the coherent scheme with two RS’s (Coh-2RS). The non-coherent and coherent signaling schemes show similar performance.
· Considering both complexity and performance, the non-coherent scheme based on block-level-Walsh-code modulation seems to be the best solution for uplink ACK/NAK signaling.
5 Conclusion
In conclusion, we have compared coherent and non-coherent ACK/NAK signaling schemes. The non-coherent signaling scheme based on Walsh codes shows the best performance and significantly outperforms the coherent schemes by 2 ~ 3 dB in two-bit ACK/NAK transmission. In one-bit ACK/NAK case, the non-coherent scheme and the coherent scheme with three RS’s show a similar performance. Considering both complexity and performance, we propose to adopt the non-coherent transmission scheme with Walsh-code based block-level modulation for uplink ACK/NAK signaling.
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