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Introduction
Based on the agreement in RAN1 Meeting #85 [1], we provided simulation assumptions and results using UW DFT-s-OFDM via the 3GPP RAN WG1 reflector on the 4th of August [2] with subject “[85-17] Collect information for NR waveform”. In this contribution, we provide further details on Tx and Rx structures, simulation parameters and configurations.
Simulation Configuration
2.1 Target UE
In [2] we provided simulation results, including Block Error Rate (BLER), Spectral Efficiency (SE) for Cases 1b, 3 and 4, and Power Spectral Density (PSD) for Case 1b. The Tx and Rx functional blocks in the link level simulation test bench used to generate those results for the Target UE is shown in Figure 2‑1. The detailed description of some of those blocks is given below.
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[bookmark: _Ref458437208]Figure 2‑1 Transmitter and Receiver Structure

Encoder and QAM Modulator
The encoder operation is the same as the one in LTE for UL [3], which includes CRC attachment, code block segmentation, channel coding, rate matching and code block concatenation. No control channel is multiplexed with the data channel. To align with agreed simulation assumptions for NR waveform evaluation, the coding rate and QAM modulation are ½ and 64QAM, respectively .   
DFT and Unique Word
The size of the DFT, M, is set corresponding to 720 KHz sub-channel bandwidth with 15 KHz subcarrier spacing. The value of M depends on the number of tones used for guard band in the sub-channel, as follows. For Case 1b and Case 4, M = 48. For Case 3, M = 44 since two tones on each side of sub-channel are used for guard tones. 
As described in [4][5], the basic operation of UW DFT-s-OFDM is to insert a few fixed (time invariant) symbols at the top (as header) and bottom (as tail) of the DFT input, which serve as CP but can also be used for other purposes [6]. In our simulation configuration, we chose to use two header symbols and two tail symbols of the DFT input as the unique words, which are randomly selected in the simulation. The selection of the UW size is a result of a trade-off among the desired spectral containment, the coverage of the channel delay spread, and the desired spectral efficiency.  
Resource Mapping and IFFT 
The resource mapping block maps the output of the DFT block to the input of the IFFT block. The size of the IFFT block is N = 1024 which corresponds to a 10 MHz channel bandwidth or 600 subcarriers, indexed from -300 to 299. For Case 1b, the output of the DFT block with a size of 48 tones maps from indices 252 to 299. For Case 3, the output of the DFT block with a size of 44 tones maps from indices 50 to 93. For Case 4, the output of the DFT block with a size of 48 tones maps from indices 48 to 95.   
PA Model
The PA model used in our simulation is the 9-th order polynomials provided in [7]. The output power is set to 22 dBm. And, for the phase offset, we use the common phase compensation with value 75.5 degrees. 
Channel Model
The channel model of TDL-C with 300 ns delay spread is used to generate all simulation results.
Receiver
At the receiver side, since we assumed ideal channel estimation, the channel equalizer takes the channel impulse responses from the channel model directly and provides them (after converting to frequency domain) to the MMSE algorithm. 
The Turbo decoder uses max-log-MAP algorithm and the number of iterations is 8. 
2.2 Interferer UEs and Guard Bands for Case 3 and 4 
The interference signals required for Case 3 and 4 tests are generated using a similar transmitter structure as the one shown in Figure 2‑1, except that the QAM modulated symbols are randomly generated without encoding process. 
Case 3:
In this case, two transmitters transmit UW DFT-s-OFDM signals. Each transmitter uses a DFT block with output size M=44. The first transmitter maps the DFT output to tones from 0 to 45 of its IFFT input, and the second transmitter maps the DFT output to tones from 98 to 141 of its IFFT input. Figure 2‑2 shows the allocation of interfering tones relative to the target UE. As shown in this figure, two tones on each side of 720 KHz channels for both target and interferer UEs are not used, which creates guard band with 60 KHz  bandwidth between adjacent sub-channels.   
The UW DFT-s-OFDM waveform generated from the two transmitters also use 2-symbol header and tail, respectively.
In the time domain, the interfering signals are transmitted with a delay of 128 samples relative to the signal for target UE.
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[bookmark: _Ref458503275]Figure 2‑2 Resource allocation for target and interferer UEs for Case 3 
Case 4:
In this case, two transmitters transmit UW DFT-s-OFDM interfering signals with the numerology corresponding to 30 KHz subcarrier spacing in the frequency domain. As such, the IFFT size of the interferers is N = 512 to cover 10 MHz channel bandwidth or 300 subcarriers, indexed from -150 to 149. In this case, the DFT block with size of M=20 are used in both transmitters. The outputs of the DFT block of the first interfering signal are mapped to the tones indexed from 2 to 21, which creates interfering sub-channel on the lower frequencies relative to the target sub-channel.  The outputs of the DFT of another interfering UE are mapped to the tones indexed from 50 to 69 first, then shifted by +15 KHz to create the interfering sub-channel on the higher frequencies relative to the target sub-channel. By using this method, two interfering sub-channels are allocated relative to the target sub-channel symmetrically. The effective bandwidth of the guard band, if measured from two adjacent used tones in two adjacent sub-channels, is 90 KHz. Figure 2‑3 depicts the concepts.  
The UW DFT-s-OFDM waveform generated from the two transmitters also use 2-symbol header and tail, respectively.
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[bookmark: _Ref458513534]Figure 2‑3 Resource allocation for target and interferer UEs for Case 4

2.3 Frame Structure
The frame structure for UW DFT-s-OFDM used in our simulation is shown in Figure 2‑4. Each Transmission Time Interval (TTI) contains 15 OFDM symbols, each of which contains N samples, where N is the FFT size. For numerology with 15 KHz subcarrier spacing, the TTI is 1 ms and N is 1024. For numerology with 30 KHz subcarrier spacing, the TTI is 0.5 ms and N is 512. 
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[bookmark: _Ref458514588]Figure 2‑4 The frame structure for UW DFT-s-OFDM

2.4 TBS, Bandwidth and Spectral Efficiency
Using the parameters presented above, the transport block size is calculated as
Case 1b and Case 4:
	TBS = 15 (OFDM symbols/TTI) x 44 (QAM symbols/OFDM symbol) x 6 (bits/QAM symbol) x 0.5 (coding rate) = 1980 bits
Case 3: 
TBS = 15 (OFDM symbols/TTI) x 40 (QAM symbols/OFDM symbol) x 6 (bits/QAM symbol) x 0.5 (coding rate) = 1800 bits  
The bandwidth, BW, of the target sub-channel is 720 KHz for all cases.
The Spectral efficiency is calculated using the following expression:

Where  is the TTI duration, which is 1ms for all test cases.

A summary of simulation parameters used in our results is provided in the table in the Appendix. 
For convenience, we also include SE and BLER simulation results for Case 1b, 3 and 4 in the Appendix of this contribution as reference.   
Conclusion 
In this contribution, we provided detailed information about the configuration of the link level simulation test bench and parameters that generated the results in [2]. 
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Appendix
1.1 [bookmark: _Ref450856314]Summary of Simulation Assumptions
	Parameters 
	Value 

	Carrier frequency
	4GHz 

	Duplex 
	FDD

	System Bandwidth 
	10 MHz 

	TTI length 
	1 ms for all UEs in case 1b and 3, and target UE in case 4; 0.5ms for interferer UEs in case 4

	Subcarrier spacing 
	15KHz for all UEs in case 1b and 3, and target UE in case 4; 30KHz for interferer UEs in case 4

	Guard time interval
	5.5556  for all UEs in cases

	FFT size 
	1024 for all UEs in case 1b and 3, and target UE in case 4; 512 for interfere UEs in case 4

	Data transmission bandwidth 
	720KHz for all UEs in all cases

	Antenna  configuration
	1T1R 

	MIMO mode
	SISO for UL 

	MCS 
	64QAM, coding rate 1/2 

	Control Overhead 
	Zero

	Channel estimation 
	Ideal (CIR used in the equalization is refreshed every 1ms)

	Channel Model
	TDL-C 300ns, 3Km/h

	Bandwidth of guard band between neighbor UEs (between two used tones)
	Case 3: 65KHz
Case 4: 90KHz

	Power offset of the interferer UEs
	10dB





1.2 Simulation Results
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             (a)                                      (b)
Figure 5‑1 SE and BLER simulation results for Case 1b
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             (a)                                      (b)
Figure 5‑2 SE and BLER simulation results for Case 3
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             (a)                                      (b)
Figure 5‑3 SE and BLER simulation results for Case 4
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