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1
Introduction
Uplink ACKCH is used for acknowledging the downlink transmissions. In this document, we will provide link performance analysis of UL ACKCH for two different slot formats.
2
Simulation Setups
2.1
Slot Formats and Numerology
The evaluation is performed using the following slot structures.
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Figure 1

Slot Format I – TR 25.814
In slot format I, the ACKCH data tones are placed in the first long block and the corresponding pilots are placed in the first short block.
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Figure 2

Slot Format II

There are two key benefits of using slot format II:

· A one-to-one correspondence between control data and associated pilot with orthogonal IFDM mapping.
· When control signals are sent, the associated pilot for shared data channel can still be transmitted in FDM in two separate short blocks.

In slot format II, the ACKCH data tones are placed in the first short block and the corresponding pilots are placed in the second short block.

	Parameter
	Slot Format I
	Slot Format II

	Slot duration
	0.5 ms
	0.5 ms

	Symbols / Slot
	8
	9

	FFT size
	512 – LB

256 – SB 
	512 – LB

256 – SB 

	Tone spacing
	15 KHz – LB

30 KHz – SB 
	15 KHz – LB

30 KHz – SB 

	Flat guard samples (Number of symbols)
	31 (1)

23 (7)
	24 (4)

23 (5)

	Flat guard period (Number of symbols)
	4.04 µs (1)

3.00 µs (7)
	3.12 µs (1)

3.00 µs (5)

	Window length 

(Number of samples)
	1.04 µs (8)
	0.65 µs (5)

	Guard tones per symbol
	212 – LB 

106 – SB 
	212 – LB 

106 – SB 

	Total data tones available per LB
	300
	300

	Total data tones available per SB
	0
	150 (first SB)


Table 1

Evaluation Numerology – TDM Pilot Structure – 5 MHz 
2.2
Waveform Evaluation

The following waveforms were evaluated.

	Parameter
	Slot Format I
	Slot Format II

	Pilot tones
	TDM
	TDM

	Data tones
	Interleaved FDM
	Interleaved FDM

	TTI
	{0.5, 2} ms
	{0.5, 2} ms

	Frequency Hopping (FH)
	No
	No

	Intra-TTI Frequency Diversity
	Yes
	Yes

	Channel Estimation
	Per TTI
	Per TTI

	Receiver
	Linear SFE
	Linear SFE


Table 2

Waveform Comparison for ACKCH
2.3 ACKCH Chu Coding
For the UL, since SC-FDM is used, the coding for ACKCH needs to be redesigned compared to the ACKCH in DL using OFDM. For DL-OFDM transmission, repetition code can be used together with coherent detection. However, for UL SC-FDM transmission, the repetition code (with coherent detection) fails to take full advantage of frequency diversity in a frequency selective channel. This is because, after the DFT operation, the repetition modulated sequence results in only in a single low frequency term. Thus, we lose the benefits of diversity. Also the channel estimation loss increases for this case since we distribute the pilot power evenly to pilot tones, but the estimated channel of only one tone is used for data detection. 
A preferred approach is to use a set of Chu sequences for ACKCH. This guarantees that after the DFT operation, all the data tones are allocated evenly in terms of power, thereby achieving maximum diversity and the benefits of an improved channel estimation performance.

In this document, we use Chu sequences for ACKCH.
2.4
MCS
The table below is the MCS used for ACKCH.
	
	Modulation
	Number of Data tones
	Number of LBs used
	Number of pilot tones per SB
	Number of SBs used
	Number of Complex Coded Symbols

	Slot Format I
	Chu
	{1, 2, 3, 4, 6}
	1
	6
	1
	{1, 2, 3, 4, 6}

	Slot Format II
	Chu
	{1, 2, 3, 4, 6}
	0
	6
	2
	{1, 2, 3, 4, 6}


Table 2

Candidate MCS

2.5
Miscellaneous Assumptions

The rest of the simulation assumptions are as follows:

· Two Rx antennas

· Interference and noise modelled as band limited noise process
· GSM TU channel

· UE speed = 30 kph
3 Simulation Results
Figures 3-6 show the ACKCH performance with tri-state decoder, which decodes ACK, NAK, or DTX. The non-zero threshold is selected such that P(DTX ( ACK) <= 0.01.
Data and pilot SNRs are computed as follows:
· Slot Format I
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· Slot Format II
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Figure 3

UL ACKCH – 0.5 ms TTI – Slot Format I
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Figure 4

UL ACKCH – 0.5 ms TTI – Slot Format II
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Figure 5

UL ACKCH – 2 ms TTI – Slot Format I
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Figure 6

UL ACKCH – 2 ms TTI – Slot Format II
Tables 4 and 5 summarize the ACKCH results.
	Ndata
	0.5 ms TTI
	2 ms TTI

	
	10 % 

ACK→DTX
	1 % 

ACK→DTX
	10 % 

ACK→DTX
	1 % 

ACK→DTX

	3
	7 dB
	12 dB
	1.3 dB
	6.1 dB

	4
	8.5 dB
	12 dB
	2 dB
	5.4 dB

	6
	8.6 dB
	12 dB
	2.5 dB
	5.4 dB


Table 4

Required SNR for Slot Format I

	Ndata
	0.5 ms TTI
	2 ms TTI

	
	10 % 

ACK→DTX
	1 % 

ACK→DTX
	10 % 

ACK→DTX
	1 % 

ACK→DTX

	3
	9.5 dB
	14.1 dB
	3.7 dB
	8.2 dB

	4
	10.1 dB
	13.3 dB
	3.5 dB
	6.7 dB

	6
	10.2 dB
	13.3 dB
	3.5 dB
	6.7 dB


Table 5

Required SNR for Slot Format II

4
Link Budget
Consider the four different deployment scenarios described in TR 25.814.

	Scenario
	Carrier Frequency
	Inter-Site

Distance
	Penetration Loss
	Propagation Model (dB)

	D1
	2 GHz
	500 m
	20 dB
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	D2
	2 GHz
	500 m
	10 dB
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	D3
	2 GHz
	1732 m
	20 dB
	
[image: image13.wmf])

(

log

6

.

37

1

.

128

10

R

×

+



	D4
	900 MHz
	1000 m
	10 dB
	
[image: image14.wmf])

(

log

6

.

37

9

.

120

10

R

×

+




Table 6

Deployment Scenarios

Assuming that maximum UE Tx power is 21 dBm and the UE transmits all the power on a single 30 KHz tone, the Es/Nt is shown in Table 7. No PA backoff was modeled in the simulation.
	Scenario
	Es/Nt per Antenna (dB)

	
	IoT = 4 dB
	IoT = 6 dB
	IoT = 8 dB

	D1
	21.3
	19.3
	17.3

	D2
	31.3
	29.3
	27.3

	D3
	1.3
	-0.7
	-2.7

	D4
	27.3
	25.3
	23.3


Table 7

Link Budget

It is seen that there no link budget limitation for scenarios D1, D2 and D4. However, there is a link budget issue with scenario D3 if 0.5ms TTI is used. 

Using 2ms TTI alleviates the problem to a large extent but doesn’t eliminate it. Given that the data rates for such users are typically small, one could operate the system with either P(ACK->DTX) = 10% which leads to unnecessary retransmissions in the downlink or P(DTX->ACK) = 10% which leads to 0.1% probability of RLC retransmissions if the downlink shared control channel is operated at 1% BLER. This will leads to a further reduction of required SNR for the ACKCH.
5
Summary

In this document we have provided link performance results for ACKCH using TDM transmission. The use of either 90 KHz or 120 KHz seems to be sufficient to get most of the diversity gain using IFDM. 

The results in this contribution are captured in the form of a TP in [2]. 

6
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