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1
Introduction
This contribution presents a link performance analysis for the DL ACK channel varying the number of PHY resources allocated to each ACK/NAK transmission.
The goal of the document is to assess the PHY resources that are required for transmission of each ACK channel. The performance is characterized changing the frequency diversity order, i.e., varying the repetition factor of the ACK/NAK transmissions. 

Also, we perform a sensitivity analysis on channel estimation by checking the performance with a channel estimation based on 2 TDM pilot symbols (0.5ms) and another based on 4 TDM pilot symbols (1ms). 
The recommendation for the ACK transmission is provided in the Conclusions section of the document. 

2
Analysis
2.1
Simulation Assumptions
Table 1 lists different simulation parameters. The slot format and pilot transmission are in accordance to [1].

	Slot duration
	0.5 ms

	TTI
	1 ms

	Symbols / slot
	7 
(regular CP duration)

	FFT size
	512

	Useful tones
	300

	Tone spacing
	15 KHz

	Flat guard samples 

(Number of symbols)
	29 (4)

28 (3)

	Flat guard period 

(Number of symbols)
	3.78 µs (4)

3.65 µs (3)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212

	Allocation of pilot tones 
	1 Tx antenna assumed

50 (1st symbol) and 50 (5th symbol)

	Pilot Ec/Ior
	-7.78 dB

	ACK Ec/Ior
	varying


Table 1

Evaluation Numerology
Table 2 lists the transmission formats that we have evaluated for the DL ACK.

	Modulation
	Coding
	Num of ACK tones per TDM symbol
	Num of TDM data symbols used
	Code Rate

	BPSK
	Repetition
	2
	2

(2nd & 3rd symbols)
	1/4

	
	
	4
	
	1/8

	
	
	8
	
	1/16

	
	
	12
	
	1/24


Table 2
Candidate transmission format DL ACK

Other simulation assumptions are as follows:
	Parameter
	Value

	ACK tones
	Interleaved

	Channel Estimation Length
	{2, 4} TDM pilot symbols

	Receiver
	2 Rx antennas

	Detection Criterion
	MMSE

	Noise and Interference modeling
	White

	Channel Model
	TU3 and TU30


Table 3
Other simulation parameters
2.2
Simulation Results

Figures 1-4 and Table 4 show the performance of DL ACK. The decoder is assumed dual-state (i.e., threshold = 0).
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Figure 1:

DL ACKCH – TU3 – 2 TDM pilots
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Figure 2:

DL ACKCH – TU30 – 2 TDM pilots
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Figure 3:

DL ACKCH – TU3 – 4 TDM pilots
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Figure 4:

DL ACKCH – TU30 – 4 TDM pilots

	Num TDM pilots used
	Num ACK tones / TDM symbol
	ACK ( NACK 

	
	
	TU3
	TU30

	
	
	1%
	0.1%
	1%
	0.1%

	2
	2
	1 dB
	5.1 dB
	1 dB
	5 dB

	
	4
	-2.9 dB
	0.4 dB
	-2.6 dB
	0.1 dB

	
	8
	-4.8 dB
	-2.2 dB
	-5 dB
	-2.4 dB

	
	12
	-6.2 dB
	-3.6 dB
	-6.1 dB
	-3.6 dB

	4
	2
	-0.1 dB
	3.3 dB
	-0.1 dB
	3.5 dB

	
	4
	-3.8 dB
	-1.4 dB
	-4 dB
	-1.1 dB

	
	8
	-6.3 dB
	-3.6 dB
	-6.3 dB
	-3.8 dB

	
	12
	-7.5 dB
	-5.1 dB
	-7.5 dB
	-5.3 dB


Table 4
Minimum Es/Nt per antenna for a given BER target DL ACKCH
Clearly, the diversity gain significantly improves performance when increasing the number of tones used. The gain is more than 3 dB from 2 tones to 4 tones (on each of the two OFDM symbols transmitting ACK); the incremental gain reduces when we further increase the number of allocated tones.
3
Conclusion
Based on the presented analysis, the following recommendations are made:
· Allocation of 4 tones on each of 2 OFDM symbols (total 8 tones) for each ACK/NAK transmission
· Implicit mapping from PUSCH VRB

· DL power control can be efficiently supported based on, e.g., CQI reports of the target UE
This document has also shown the sensitivity to the channel estimation degradation from using 4 TDM pilot symbols to 2 TDM pilot symbols. We see that the degradation is considerably large: 1.3 dB – 1.5 dB. This has an implication on UE micro-sleep operation.

As seen, there is a small performance difference between TU3 and TU30 channels (within 0.5dB).
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