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1. Introduction
Coherent transmission with 3 reference signal (RS) OFDM symbols per slot has been agreed as the working assumption for uplink (UL) ACK/NAK transmission corresponding to scheduled downlink (DL) data service. Block spreading applies separately to the ACK/NAK data OFDM symbols and the ACK/NAK RS OFDM symbols to improve coverage. Figure 1 shows the block diagram of coherent ACK/NAK transmission per slot, where C0 – C11 represent the 12 cyclic shifts of a CAZAC-like sequence in one resource block (RB) and S0 – S6 denote the 7 OFDM symbols per slot.  
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Figure 1: Coherent ACK/NAK Transmission per Slot in Uplink
To allow simultaneous transmission of UL Sounding Reference Signal (SRS), one of the ACK/NAK OFDM symbols needs to be punctured. Figures 2 and 3 show two shortened ACK/NAK structures, where one ACK/NAK data OFDM symbol is punctured to make room for UL SRS transmission, without reducing the ACK/NAK multiplexing capacity. For either short ACK/NAK structure, the length-3 DFT sequences are used as the block spreading codes in the second slot for both ACK/NAK data and RS, respectively.


[image: image2.emf]Slot 0

Slot 1

time

ACK/NAK RS

ACK/NAK  Data

frequency

Punctured 

ACK/NAK 

Data Symbol

UL SRS


[image: image3.emf]Slot 0

Slot 1

time

ACK/NAK RS

ACK/NAK  Data

frequency

Punctured 

ACK/NAK 

Data Symbol

UL SRS


Figure 2: Short ACK/NAK Structure 1 (left) and Short ACK/NAK Structure 2 (right)

In this contribution, we study the impact of spillover and near-far effect on ACK/NAK BER with the shortened ACK/NAK structures. The spillover between consecutive cyclic shifts results from either the composite channel (including pulse shaping filters at transmitter and receiver) dispersion or timing offset. Near-far effect results from imperfect power control or hardware impairments. In this contribution, both timing offset and near-far effect are modeled as uniformly distributed random variables. 

Assuming the same multiplexing capacity as the long ACK/NAK structure, it is shown that the short ACK/NAK structure has a 0.4 dB SNR loss in low speed and significant error floors in high speed. Thus, it is not recommended to adopt the short ACK/NAK structure.

2. Simulation Results
Table 1 lists the link level simulation parameters. Random symbol-wise cyclic shift hopping is assumed to average intra-cell interference due to spillover between neighboring cyclic shifts. Note that the timing offset and near-far effects are modeled as independently and uniformly distributed random variable per UE. For BER curves with near-far effect, the x-axis labels the nominal SNR, which indicates the mean SNR. For example, if the SNR value is x dB, with near-far effect, the actual SNR is uniformly distributed between [x-Δ, x+ Δ] dB. 
Table 1: Link Level Simulation Assumptions

	Parameters
	Assumptions

	Numerology
	5MHz @ 2.0GHz

	Resource Block
	180 kHz (15 kHz x 12)

	Frequency Hopping Subframes
	2

	Number of UEs
	18

	Number of ACK/NAK Bits
	1 or 2

	UE Velocity
	3 km/h or 350 km/h

	Channel Model
	PA or SC or AWGN

	Number of Receive Antennas
	2 – Uncorrelated

	Number of Transmit Antennas
	1

	Timing Offset
	Uniform Distributed between [-0.52, 0.52] us

	Near-Far
	Uniform Distributed between [-6, 6] dB or  [-3, 3] dB

	Cyclic Shift Hopping
	OFDM Symbol Based Random Hopping
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Figure 3: ACK/NAK BER, 18 UEs @ 350 km/h, PA Channel, Short Structure 1 (left), Short Structure 2 (right)
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Figure 4: ACK/NAK BER, 18 UEs @ 350 km/h, SC Channel, Short Structure 1 (left), Short Structure 2 (right)

Figures 3 – 4 show the ACK/NAK BERs of the two short structures, compared to the un-punctured original ACK/NAK structure (denoted as “Long” in the figures) in high speed environments. Note “Near Far 6 dB” and “Near Far 3 dB” in the plots refer to a uniform distributed random variable between [-6, 6] dB and [-3 3] dB, respectively. In high speed scenario, short structure 1 is better than short structure 2 in terms of less channel estimation mismatch; while short structure 2 is better than short structure 1 in terms of less inter-user inference among different block spreading codes. However, either short ACK/NAK structure has significantly worse BER than the original long structure, especially with non-ideal conditions such as timing offset and/or near-far effect. 

Figures 5 – 7 show the ACK/NAK BERs of the original structure and short structure 1 (shown in Figure 2) in low speed environment. The short structure 1 has about 0.4 dB degradation compared to the original long ACK/NAK structure.
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Figure 5: Long vs. Short ACK/NAK Structure, 18 UEs @ 3km/h, AWGN, 1 (left) or 2 (right) ACK/NAK Bits
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Figure 6: Long vs. Short ACK/NAK Structure, 18 UEs @ 3km/h, PA Channel, 1 (left) or 2 (right) ACK/NAK Bits
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Figure 7: Long vs. Short ACK/NAK Structure, 18 UEs @ 3km/h, SC Channel, 1 (left) or 2 (right) ACK/NAK Bits

3. Conclusions
In this contribution, we study the impact of timing offset and near-far effects on ACK/NAK BER with the shortened ACK/NAK structure. Symbol-wise random cyclic shift hopping and slot based random orthogonal covering hopping are included in the simulations. Simulations show that the short ACK/NAK structure has a 0.4 dB loss compared to the original ACK/NAK structure in low speed environment. In high speed, the short ACK/NAK structure has significant error floors. Note that if short ACK/NAK structure is adopted, even UEs without simultaneous UL SRS need to use the short structure, which degrades the ACK/NAK performance.
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