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1 Introduction

Currently, multiple access scheme for non-data associated control signals is under discussion in RAN1. In RAN1#47bis, CDM multiplexing scheme was agreed for user multiplexing. However, details of multiplexing methods between ACK/NACK and CQI, and encoding schemes are still under study. Considering differences in QoS (error rate, latency) requirements and the frequency of ACK/NAK and CQI feedback, we think TDM approach between the two types of control signals for the same user is appropriate. In this contribution, we focus on the ACK/NAK channel structure.

There are two types of CDM approaches considered for non data-associated control signal channel:
1. CDM by block spreading [5,6,8]
2. CDM by CAZAC sequence [9,10]

The second approach uses UE specific CAZAC sequences for transmission of ACK/NAK information. This approach does not require RS for demodulation and is particularly suited for transmission of small amount of control information. In contributions [9] and [10], link-level performance for 1 and 2 RB allocations was shown. However, coverage analysis of the proposed scheme was not presented. It is believed that more than 2 RBs are needed to ensure coverage for cell edge users [2]. 

In this contribution, we consider the extension of CAZAC based ACK/NAK transmission scheme. We analyze the detection performance and the coverage of the extended ACK/NAK transmission scheme. We show that to satisfy the coverage requirements for cell edge users, ACK/NAK transmission over a longer period of time is necessary.  

2 ACK/NAK Channel Structure
Figure 1 shows the time-frequency allocation for ACK/NAK channel. We assume ACK/NAK transmission over 2 slots in time and 1 RB in frequency, with frequency hopping at the slot boundary. 
Two ACK/NAK channel structures shown in Figure 2 are considered. 
Scheme 1: Length-12 CAZAC sequence in a LB repeated over N LBs. 
Scheme 2: CAZAC sequence of length (Nx12) mapped to multiple LBs in a slot. 
In both schemes, the sequence is repeated over two slots in a subframe. Truncated Zadoff-Chu sequence or cyclic extension of the Zadoff-Chu sequence may be considered to generate a length Nx12 sequence. 

As an example, a length 13 Zadoff-Chu sequence may be used for Scheme 1. For Scheme 2 with N=5/6/7, truncated Zadoff-Chu sequences of lengths 61/73/87 may be used. Orthogonal sequences are generated by cyclic shift of a root Zadoff-Chu sequence. The number of orthogonal sequences for the two schemes are as follows:

Scheme 1:  12 orthognal sequences generated by cyclic shift by one


Scheme 2: 60/73/87 sequences generated by cyclic shift by one.

Clearly, Scheme 2 offers larger number of sequences, allowing multiplexing of larger number of users in the same time-frequency region.
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Figure 1: Time-frequency allocation for ACK/NAK transmission.
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Figure 2: Mapping of Zadoff-Chu sequence for ACK/NAK transmission (a) Scheme 1: Repetition of Zadoff-Chu sequence of length L=12 (b) Scheme 2: Long Zadoff-Chu sequence without repetition. (L=12 is the number of subcarriers in a RB and N is the number of OFDM symbols for ACK/NAK channel per slot. N=5/6/7).
3 Link-level performance
Detection performance for the two ACK/NACK transmission schemes was analyzed by link-level simulation. Simulation parameters are shown in Table 1. We used energy detection algorithm with Neyman-Pearson criterion on false alarm probability. Number of ACK/NAK LBs was 5/6/7.For Scheme 1, the detection metric was computed by coherent accumulation in each LB, and by non-coherent sum over LBs and slots. For Scheme 2, the detection metric was computed by coherent accumulation over all occupied LBs in a slot and by non-coherent sum over two slots. 

Detection performance results are shown in Figure 3 for AWGN and GSM TU 3kmph channel conditions. The figure shows that Scheme 2 outperforms Scheme 1 by 3.7 dB for N=5 and by 4.2 dB for N=6 and 7, in AWGN channel.
Table 2 shows the required SNR for PM = 0.1% in TU 3kmph channel environment for Scheme 1. The required SNR is 0.55 dB, -0.24 dB, and -1.08 dB, for N=5/6/7.
Table 1. Link-level simulation parameters.
	Parameter
	Assumption

	Carrier frequency
	2.5 GHz

	Transmission Bandwidth
	10 MHz

	Resource block size
	12 sub-carriers

	Number of LBs for ACK/NAK (N)
	5/6/7 LBs per slot

2 slots with frequency hopping

	ACK/NAK structure
	Scheme 1: Zadoff-Chu sequence (Length=12) with N times repetition.
Scheme 2: Zadoff-Chu sequence (Length=Nx12).

N=5/6/7

	ACK/NAK detection algorithm
	Energy detection

Scheme 1: Coherent in same LB, non-coherent sum over LBs and slots.

Scheme 2: Coherent over LBs in a slot. Non-coherent over 2 slots.

	False alarm probability
	0.1%

	Channel model
	AWGN, GSM TU 3 km/hr

	Number of transmit antennas
	1

	Number of receive antennas
	2
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Figure 3: Detection performance (a) AWGN channel (b) GSM TU channel (3kmph).
Table 2: Required SNR (PM = 0.1% and PFA = 0.1%, TU 3kmph, N=5/6/7 LBs.).

	Transmission Scheme
	Number of OFDM symbols per slot for ACK/NAK transmission

	
	5
	6
	7

	Scheme 1
	0.55 dB
	-0.24 dB
	-1.08 dB


4 Coverage Analysis
For link-budget analysis, we used extended COST-231 Okumura-Hata path loss model described in the Appendix. The SNR is obtained as
SNR = PL – Pnoise  - IoT + Pmax - Pother 
where PL denotes the propagation loss. For thermal noise PSD of -174 dBm/Hz and uplink noise figure of 5 dB, total effective noise PSD is -169 dBm/Hz. The noise power for 1RB allocation is obtained as -116.4 dBm. IoT is mostly from neighbour cells and is assumed to be 3dB. Other loss including cable loss and body loss is assumed to be 7dB. System parameters used for link-budget calculation are shown in Table 3.
Figure 4 shows the SNR vs the distance between the NodeB and UE. We considered base station antenna heights of 20 m, 40 m, and 60 m. For Scheme 1, ACK/NAK coverage is limited to approximately 2 km. For cells larger than 2km, larger time-frequency allocation for ACK/NAK channel is needed.
Table 3: System parameters.
	Parameter
	Assumption

	Carrier frequency
	2.5 GHz

	Distance-dependent path loss
	Extended COST 231 Okumura-HATA model
(suburban)

	Node-B receiver antenna gain
	20 dBi

	Base station antenna height  hb
	20/40/60 m

	UE antenna height  hm
	1.5 m

	UE power class
	24dBm (250mW).

	Noise Figure
	5 dB

	Thermal noise PSD
	-174 dBm/Hz

	Total effective noise PSD
	-169 dBm/Hz

	Shadow fade margin
	0 dB

	Losses (cable loss, body loss, etc.)
	7 dB

	IoT
	3 dB
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Figure 4: SNR vs distance between NodeB and cell edge user.
5 Summary

In this contribution, we considered two types of ACK/NAK transmission schemes without reference signal overhead. We analyzed detection performance and the coverage of the two transmission schemes. We conclude that
· In principle, ACK/NAK transmission without RS is feasible.
· Extension of the CAZAC sequence structure to entire 1 ms subframe is necessary for adequate coverage. 
· For cells larger than 2km, larger time-frequency allocation for ACK/NAK channel is needed.

· ACK/NAK transmission Scheme 2 is preferable to Scheme 1 due to better detection performance.
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Appendix: Extended COST-231 Okumura-Hata path loss model

Extended COST-231 model is described in [11]. Path loss is modelled as
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where
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f C : carrier frequency  in MHz

 
hb : Node-B antenna height in m
 hm: UE antenna height in meters in m 
 d : distance between Node-B and UE in km.
 C : constant factor. C = 0 dB for medium-sized cities and suburban areas and C = 3 dB for metropolitan areas. 
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