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1
Introduction
Uplink ACKCH is used for acknowledging the downlink transmissions. In this document, we discuss DL HARQ related overhead transmitted in the uplink. In particular, we investigate different candidate schemes and their associated link performance with imperfect channel estimation.
2
Simulation Setups
2.1
Slot Format and Numerology

The evaluation is performed using the slot structure outlined in TR 25.814 [1].
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Figure 1

Slot Format

	Slot duration
	0.5 ms

	Symbols / Slot
	8

	FFT size
	512 – LB

256 – SB 

	Tone spacing
	15 KHz – LB

30 KHz – SB 

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

23 (7)

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

3.00 µs (7)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212 – LB 

106 – SB 

	Total data tones available per LB
	300


Table 1

Evaluation Numerology – TDM Pilot Structure – 5 MHz

2.2
Waveform Evaluation

The following waveforms were evaluated.

	Parameter
	FDM-LFDM 

Coherent
	TDM-LFDM

Coherent
	TDM-IFDM

Coherent
	TDM-LFDM Noncoherent

	Pilot tones
	TDM
	TDM
	TDM
	None

	Data tones
	Contiguous
	Contiguous
	Interleaved
	Contiguous

	TTI
	0.5 ms
	0.5 ms
	0.5 ms
	0.5 ms

	Frequency Hopping (FH)
	Yes
	Yes
	No
	Yes

	Hop period
	1 slot
	1 slot
	None
	1 slot

	Intra-TTI Frequency Diversity
	No
	No
	Yes
	No

	Channel Estimation
	Per hop
	Per hop
	Per slot
	No

	Receiver
	Linear SFE
	Linear SFE
	Linear SFE
	Noncoherent


Table 2

Waveform Comparison for ACKCH
The TDM transmission is illustrated in Figure 2.
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Figure 2

TDM Transmission

2.3
MCS
In this set of simulations, the TB size, modulation and number of data tones are kept constant during the simulation run. No re-transmissions are allowed. The Ior/Ioc is varied, while Tx Ec/Ior is fixed to 0 dB.
2.3.1  

ACKCH MCS

The table below is the MCS used for ACKCH.
	
	Modulation
	TB Size
	Number of Data tones per LB
	Number of LBs used
	Number of pilot tones per SB
	Number of SBs used
	Code Rate

	FDM-LFDM

Coherent
	QPSK
	1
	1
	6
	1
	2
	1/12

	TDM-LFDM

Coherent
	QPSK
	1
	6
	1
	3
	1
	1/12

	TDM-IFDM

Coherent
	QPSK
	1
	6
	1
	6
	1
	1/12


Table 2

Candidate MCS for Coherent detection
	
	Modulation
	TB Size
	Number of Dat tones per LB
	Number of LBs used
	Number of pilot tones per SB
	Number of SBs used
	Code Rate

	TDM-LFDM

Noncoherent
	BPSK
	1
	6
	1
	0
	0
	1/6


Table 4

Candidate MCS for Noncoherent detection

2.4
Miscellaneous Assumptions
The rest of the simulation assumptions are as follows:

· Two Rx antennas

· Interference and noise modeled as bandlimited noise process
· GSM TU channel

· UE speed = 30 kph

· Hopping is done circularly:

· period = 5 hops

· frequency seperation between two consecutive hops = 60 tones
3 Simulation Results
Figure 3 shows the ACKCH performance with a dual-state decoder, where only ACK and NAK messages were transmitted.
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Figure 3

Performance of UL ACKCH with Duo-state Decoder
Figure 4 shows the ACKCH performance with a tri-state decoder, which decodes ACK, NAK, or DTX. 
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Figure 4

Performance of UL ACKCH with Tri-state Decoder

4
Discussion
4.1
Dual-State vs. Tri-State Signaling

A tri-state decoder allows the Node-B to infer whether the associated downlink assignment grant was missed or not, while a dual-state decoder does not.
With a TDM-LFDM structure, the required Eb/Nt for 1% ACK(NAK error increases by 2 dB when a tri-state decoder is used.

4.2
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
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	D4
	900 MHz
	1000 m
	10 dB
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Table 3

Deployment Scenarios
Assuming that maximum UE Tx power is 21 dBm and the UE transmits all the power on a single 15 KHz tone, the Es/Nt is shown in Table 4. No PA backoff was modeled in the simulation.
	Scenario
	Es/Nt per Antenna (dB)

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

	D1
	24.3
	22.3
	20.3

	D2
	34.3
	32.3
	30.3

	D3
	4.3
	2.3
	0.3

	D4
	30.3
	28.3
	26.3


Table 4

Link Budget

For the ACKCH, the Eb/Nt can be computed as:
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It is seen that there no link budget limitation for scenarios D1, D2 and D4. However, there is a serious link budget issue with scenario D3.
The link budget can be improved by using three approaches:

1. FDM transmission

a. The link budget is 7.8 dB better for FDM transmission than for TDM transmission, but the control and data channels cannot be easily multiplexed while preserving low PAR characteristics.

2. UE maximum power = 24 dBm

a. The link budget improves by an additional 3 dB

3. IoT operating point

a. For D3 alone, a large IoT value is not easily applicable
For a TDM tri-state signaling with the stated error rates, we can support the ACKCH with -4 dB IoT and maximum UE Tx power is 24 dBm.

5
Summary

We propose to multiplex the ACKCH in TDM with the uplink shared (scheduled) data channel.
6
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