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1 Introduction
In this contribution, we compare the performance and multiplexing capability of uplink ACK/NACK signaling schemes. The considered schemes are:

· Coherent signaling: BPSK/QPSK

· Non-coherent signaling : on-off keying, orthogonal sequence keying

Some results can be found in [1]~[3] submitted in the last RAN1#48 meeting, though not treated due to lack of time. Based on our evaluations as well as the results in [1]~[3], we propose to adopt a non-coherent ACK/NACK signaling scheme in uplink for both cases of 1 bit and 2 bit ACK/NACK signaling.
2 ACK/NACK signalling schemes

2.1 Coherent signalling
BPSK and QPSK are typical modulations for coherent ACK/NACK signalling. They lead to an efficient utilization of the UL resource. In Figure 1, examples for UL slot structures for the coherent ACK/NACK signalling is shown. Adopting two or three RSs mostly gives the best detection performance according to the evaluations, as also mentioned in [1]~[3]. Decision on the number of employed RS LBs is a trade-off between the channel estimation accuracy and the received ACK/NACK signal energy. The ACK/NACK channels from different UEs can be orthogonalized by applying different cyclic shifts to an identical base Chu sequence. On top of that, the LB-level orthogonal sequence covering can be adopted in order to further increase the multiplexing capability, as illustrated in [1][3][4]. Applying different cyclic shift values between LBs in a subframe would be beneficial, in view of randomizing the intercell interference for a given UE’s ACK/NACK channel.
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Figure 1. Uplink slot structure for the case of coherent ACK/NACK signalling
2.2 Non-coherent signalling

The non-coherent ACK/NACK signalling does not require channel estimation and thus RS LBs are not needed unlike the coherent signalling, as shown in Figure 2. 
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Figure 2. Uplink slot structure for the case of non-coherent ACK/NACK signalling
This leads to larger ACK/NACK signal energy and larger multiplexing capability due to larger number of ACK/NACK LBs, compared to the case of coherent signalling shown in Figure 1. Also, it does not incur performance degradation caused by the imperfect channel estimation, though the ideal performance of non-coherent signalling is much inferior to the coherent signalling. According to the ACK/NACK evaluation results shown in Section 3 and 4, the merits of the non-coherent signalling more than compensate for the non-coherent detection/combining loss. The following non-coherent signalling schemes are considered:

· On-off keying (OOK)

· A single cyclic shift is used for an ACK/NACK channel, and On and Off states are used to distinguish ACK and NACK signals
· Orthogonal sequence keying (OSK)

· Multiple cyclic shifts are used for an ACK/NACK channel in order to orthogonalize the ACK and NACK signals
· The orthogonal signalling can also be realized by the LB-level orthogonal sequence covering, as proposed in [2]
3 Performance Simulation
The ACK/NACK BER link results shown in this section are based on the simulation assumptions given in Table 1.
Table 1. Simulation assumptions
	Parameter
	Assumption

	Carrier frequency
	2 GHZ

	Bandwidth
	10 MHz

	FFT size
	1024

	Total number of RUs
	50

	Frequency hopping
	RU#1 and RU#50 in the 1st and 2nd slots, respectively

	Modulation
	Non-coherent: OOK, OSK

	
	Coherent: BPSK, QPSK

	Location of RS LBs per slot
	OOK, OSK : none

	
	BPSK/QPSK: 3 RS – LB#1, #4, #7
                       2 RS – LB#2, #6

	Detection 
	OOK: detection threshold was set to the value satisfying Off-to-On error rate of 10-2

	
	OSK: square-law

	
	BPSK/QPSK: MMSE

	Number of TX antennas
	1

	Number of RX antennas
	2 (uncorrelated)

	Channel model 
	SCM-C

	UE speed 
	3 km/h, 120 km/h


Figures 3~6 shows the simulation results. It should be noted that the results for OOK shows the On-to-Off error probability. The detection threshold was set to satisfy the Off-to-On error probability of 10-2, which is the N-to-A false alarm probability in case that “Off” and “On” are mapped to NACK and ACK, respectively. In real implementations, the Node B receiver would set the detection threshold based on the estimated interference and noise power. However, for the cases of OSK and BPSK/QPSK, the A-to-N and N-to-A probability are identical in the simulations, since identical power between ACK and NACK is used, and the detection threshold is zero for BPSK/QPSK. The cases of two and three LBs shown in Figure 1 were considered for the BPSK/QPSK cases, since use of two or three LBs gives the best performance. The performance of BPSK under ideal channel estimation is shown for reference, in which the ideal channel estimate for each subcarrier in LBs was used to demodulate the received ACK/NACK signals.
It is also noted that the OOK results for the case of 1 bit ACK/NACK shown in Figures 3~4 were re-used for the case of 2 bits ACK/NACK signaling with OOK in Figures 5~6 for simple evaluation. This is based on the assumption that, the two OOK ACK/NACK channels are transmitted in different LB intervals, that is, TDM multiplexed. Then, the ACK/NACK BER of the 1 bit and 2 bits ACK/NACK signaling can be considered identical.
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Figure 3. 1 bit ACK/NACK BER performance for the case of 3 km/h
[image: image4.emf]-20 -18 -16 -14 -12 -10 -8 -6

10

-3

10

-2

10

-1

10

0

SNR per subcarrier per antenna [dB]

ACK/NACK Bit Error Rate

On-off signaling (A-to-N rate, Pfa=1e-2)

Orthogonal sequence signaling

BPSK with 2 RSs per slot

BPSK with 3 RSs per slot

BPSK with ideal CE with 3 RSs

BPSK with ideal CE with 2 RSs


Figure 4. 1 bit ACK/NACK BER performance for the case of 120 km/h
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Figure 5. 2 bits ACK/NACK BER performance for the case of 3 km/h
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Figure 6. 2 bits ACK/NACK BER performance for the case of 120 km/h
We note the following observations for the results in Figures 3~6:
· 1 bit ACK/NACK signaling
· OSK and BPSK show very similar performance, mainly due to the performance degradation of BPSK caused by the imperfect channel estimation. Note that about 4~6 dB performance degradation is seen compared to the case of ideal channel estimation.
· The Off-to-On error rate of OOK is worse by about 3 dB than that of OSK and BPSK. However, it should be noted that in case of OOK, the On-to-Off error rate is 10-2 irrespective of SNR and in case of OSK and BPSK, the error rate degrades with decreasing SNR.
· In view of the average transmitted power (which is proportional to UE power consumption), the performance of OOK is similar to or better than OSK and BPSK, only if the Off state is assigned to the more frequently occurring signal between ACK and NACK. The OOK would also result in lower intercell interference [1], but its coverage can be limited since the ON signal level is much higher than the peak level of OSK and BPSK for a target BER.
· 2 bits ACK/NACK signaling

· OSK outperforms QPSK by more than 2 dB. It should be noted that the BER performance of the orthogonal signaling improves with increasing the modulation order, at the expense of additional resource

· At the SNR for BER=10-2, OOK starts to outperform QPSK

· In terms of the average transmitted power, OOK significantly outperforms QPSK and gives similar performance with OSK, even with requiring much smaller amount of resource as seen in Table 2.
4 Comparisons

In Table 2, we compare the modulation schemes in terms of multiplexing capability and the required SNR at the BER=10-2. In computing the multiplexing capability, we assume that 6 cyclic shifts are used to make 6 ACK/NACK channels per RU in total. On top of that, the LB-level orthogonal sequence covering is applied to further increase the number of ACK/NACK channels. For example, in case of OOK with 1 bit signaling, 42 UEs can be multiplexed in an RU by using 6 cyclic shifts and 7 orthogonal LB-cover sequences in theoretical perspective.  In case of QPSK, 18 UEs can be multiplexed by using the 6 cyclic shifts and 3 orthogonal LB-cover sequences for RS. 
As seen in Table 2, OOK shows significantly larger multiplexing capability than the OSK and BPSK/QPSK. OSK gives the best performance in both cases of 1 bit and 2 bits ACK/NACK signaling. The multiplexing capability of OSK significantly decreases in case of 2 bits ACK/NACK signaling.
Table 2. Comparison of the multiplexing capability and ACK/NACK BER performance
	
	1 bit ACK/NACK
	2 bits ACK/NACK

	
	# of UEs per RU 1
	SNR for BER=10-2 [dB]
(3 / 120 kmh)
	# of UEs per RU
	SNR of BER=10-2 [dB]
(3 / 120 kmh)

	BPSK/QPSK
	18 (= 3x6)
	-11 / -10.9
	18 (= 3x6)
	-8.2 / -8.2

	Orthogonal sequence keying
	21 (= 7x3)
	-11 / -11.1
	10 (= 3.5x3) 1
	-10.4 / -10.3

	On-off keying
	42 (= 7x6)
	-7.7 / -8
	18 (= 3x6) 2
	-7.7 / -8.0


Note 1: The computation is based on the fact that 4-ary OSK can be realized by using 2 cyclic shifts and 2 LB-cover sequences. 
Note 2: The computation assumes TDM of two OOK channels in a subframe.
5 Conclusion

According to the evaluations, the non-coherent signaling outperforms BPSK/QPSK in terms of both performance and multiplexing capability and its Node B receiver implementation is simpler. Thus, we propose to take the non-coherent modulation as a baseline scheme for uplink ACK/NACK signaling. 
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