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Introduction
In RAN1 meeting #84bis, several candidate non-orthogonal multiple access schemes were discussed in the context of the 5G usage scenarios [1]. During the discussions, it was indicated that the key performance indicators (KPI) defined in [2] translate into different design considerations for the multiple access (MA) schemes for each usage scenario. For example, in one submission [3] it was pointed out that for mMTC it may be beneficial to use a contention-based grant-free multiple access scheme that would reduce the signaling overhead. Relaxing the uplink synchronization requirements (and allowing asynchronous transmission) for mMTC may also be beneficial.
The initial agreements [4] regarding the multiple access schemes for NR include the following:
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases
· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied

In this contribution, we present our views and preliminary link-level simulation results for power-domain based non-orthogonal multiple access (NOMA) schemes for the uplink of NR. We also discuss the applicability of NOMA schemes to usage scenarios which may require grant-free asynchronous access. 

Asynchronous UL NOMA for mMTC
For the mMTC usage scenario, the key performance indicator is the connection density, where the target number of connected and/or accessible devices is 1 million/km2 [2]. Additionally, the devices are expected to be low cost, have only small packets to transmit, and have a target battery life which may be as high as 15 years [2]. For this scenario (high connection density, small packet size), the existing schedule based approach to UL transmissions, that uses the random access procedure to achieve timing alignment of the users, and scheduling requests and scheduling grants before the UL data transmission, may result in excessive signalling overhead, as well as increased power consumption for the end-devices. 
Contention based grant-free transmission may be desirable for mMTC, as it would eliminate transmission of scheduling requests in the uplink and resource allocation information in the downlink. The signalling overhead may be further reduced by relaxing the uplink synchronization requirements, allowing asynchronous transmission. These would also reduce the UE power consumption, extending the battery life. 
Using power-domain based non-orthogonal multiple access (NOMA) schemes, UE transmissions may be multiplexed on shared time and frequency resources, and their signals can be separated by advanced MUD receivers, as long as there is sufficient power difference between the individual signals (refer to [5] for system level simulation results). Moreover, UL asynchronous operation may be enabled by these schemes, potentially at the expense of increased eNB receiver complexity. Specifically, SIC or MMSE-SIC schemes with per UE timing acquisition may be used to demodulate the individual UE transmissions.


Figure 1 shows an example of multiple asynchronous UL UE transmissions, superposed in the eNB receiver window. 
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[bookmark: _Ref450839322]Figure 1 Asynchronous UL transmissions
For the asynchronous scenario described above, assuming per UE timing acquisition is performed, the receiver first aligns the receive window to the UE with the highest received power. The receiver then detects and decodes the data of the highest power UE (performing MMSE equalization per subcarrier, followed by the channel decoder). After cancelling the highest power UE signal from the received signal, the receive window is re-aligned to the second highest received UE power, and the aforementioned processing steps are repeated. 
One potential challenge associated to this scheme is how to assign transmission opportunities to the UEs (to enable grant-free transmissions), such that when multiple UEs transmit on the same time and frequency resources, there is enough power difference between the UE signals received at the eNB. Careful design is needed to account for power control when assigning the UL transmission opportunities to UEs. Additionally, a mechanism to enable per UE timing acquisition is needed.  
The following section presents an initial evaluation of the asynchronous UL NOMA performance, using a link level simulation, where transmissions of two UEs overlap on the same time and frequency resources, with different power and timing offsets.

Simulation Results and Discussion
In this section, link level simulations are presented to provide a preliminary assessment of the asynchronous UL NOMA, using two UEs configured such that their signals are received by the eNB at different power levels. As a baseline for comparison, the BLER of each UE was measured for the synchronous case (no timing offset). The asynchronous case was simulated by a timing offset of 512 samples. Additionally, the simulations were run with different waveforms: CP DFT-S-OFDM, as well as the ZT DFT-S-OFDM. The detailed simulation configuration is presented for reference in the Appendix. 
The BLER of each UE as a function of SNR (Es/No), for both the synchronous and the asynchronous case, using CP DFT-S-OFDM and a 3 dB power difference between the UEs, is shown in Figure 2. From Figure 2 it can be seen that in the operating range of interest (10-2 to 10-1 BLER), the performance for the asynchronous case is very similar to the synchronous case, for both the high power and the low power UE. It can also be seen that the performance of the lower power UE is better than the performance of the higher power UE. This is due to the fact that the low power UE’s signal always acts as interference for the high power UE’s signal, which is detected first by the receiver. However, once the high power UE’s signal is detected and cancelled from the received signal, the lower power UE does not suffer from interference. Lastly, it can be seen that at high SNR, there is a small degradation of the BLER performance in the asynchronous case with respect to the synchronous case, for both UEs. 
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[bookmark: _Ref450837639]Figure 2 LL BLER: Asynch UL NOMA using CP DFT-S-OFDM, 3 dB power offset
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[bookmark: _Ref450837641]Figure 3 LL BLER: Asynch UL NOMA using ZT DFT-S-OFDM, 3 dB power offset
Figure 3 shows the UE BLER performance for both the synchronous and the asynchronous case, also using a 3 dB power difference between the UEs, for ZT DFT-s OFDM. The simulation results using ZT DFT-S-OFDM shown in Figure 3 exhibit a similar behaviour to the CP DFT-S-OFDM UL NOMA simulations. Specifically, the performance of the lower power UE is better than the performance of the higher power UE, because after cancelling the signal of the higher power UE, the lower power UE experiences a higher SINR. 
However, it is interesting to note that when using ZT DFT-S-OFDM, the BLER performance of both UEs in the asynchronous case is better than for the corresponding synchronous case. This is due to the fact that in the presence of the timing offset, the zero tail of one UE’s signal creates less interference to the other, as explained below.
For the synchronous case, subcarrier k of one UE is interfered only by subcarrier k of the other UE. However, with timing offset, the interfering UE (i.e. the lower power UE) causes inter-carrier interference to the detected UE (i.e. the higher power UE). This additional interference may cause some loss in BLER at high SNR, where the system is interference-limited. However, when the timing offset is large, the data portion of a UE may align with the zero tail of the other UE, resulting in reduced interference due to the low power of the tail samples, as illustrated in Figure 4. The reduced interference improves the BLER, as observed in Figure 3, where the performance of both UEs (using the ZT waveform) improves when the timing offset between the UEs is large. 
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[bookmark: _Ref450843267]Figure 4 Impact of timing offset on inter-UE interference, for ZT DFT-S-OFDM

Lastly, simulation results for the case of 6 dB offset between the UEs are presented in Figure 5 and Figure 6 for CP DFT-S-OFDM and ZT DFT-S-OFDM, respectively. The high level trends for the BLER performance, observed for the 3 dB power offset, also hold for the case of the 6 dB power offset. Specifically: 
· The lower power UE has better BLER performance compared to the higher power UE
· The BLER performance of CP DFT-S-OFDM for the asynchronous case is very similar to the performance for the synchronized case,
· The BLER performance of ZT DFT-S-OFDM, in the asynchronous case appears to be better.

Additionally, it can be seen that the BLER performance of both UEs improve with a larger transmit power difference between them.

Based on the BLER results shown in this section, it appears that the power-domain based NOMA schemes, with sufficient power difference between the UEs, may be well suited for UL grant-free asynchronous multiple access. 

Observation 1: Power-domain NOMA schemes appear to be well suited for asynchronous UL multiple access and may be beneficial for the mMTC usage scenario. 
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[bookmark: _Ref450842306]Figure 5 LL BLER: Asynch UL NOMA using CP DFT-S-OFDM, 6 dB power offset
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[bookmark: _Ref450842309]Figure 6 LL BLER: Asynch UL NOMA using ZT DFT-S-OFDM, 6 dB power offset

Conclusions
This contribution discussed power-domain NOMA schemes for UL NR, and presented link level simulation results for initial performance evaluation of the scheme, in the presence of various relative timing offsets between the UE transmissions at the eNB receiver input.
The following observation was made: 
Observation 1: Power-domain NOMA schemes appear to be well suited for asynchronous UL multiple access and may be beneficial for the mMTC usage scenario.
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Appendix: Link Level Simulation Configuration
The evaluation parameters for link level simulations used in this contribution are based on the agreements in [4], and are presented in Table 1 below. 

[bookmark: _Ref450666646]Table 1 Link Level Simulation Parameters
	Parameters
	Values or assumptions

	Carrier Frequency
	2 GHz

	Waveform 
	SC-FDMA (CP DFT-s OFDM), ZT DFT-s OFDM

	Numerology
	Same as Release 13 (More details in Table 3)

	System Bandwidth
	10 MHz

	BS antenna configuration
	2 Rx 

	UE antenna configuration
	1Tx 

	Transmission mode
	TM1

	Propagation channel & UE velocity
	EPA, 3km/h

	Max number of HARQ transmission
	1




As previously indicated, UL transmissions from 2 UEs are simulated, with different power offsets between the UEs, and also with different timing offsets at the input of the eNB receiver. The additional parameters are shown in Table 2 below.


[bookmark: _Ref450666633]Table 2 Additional simulation assumptions
	Parameters
	Values or assumptions

	Number of UEs 
	2

	Power offset between UEs 
	[3] dB

	Relative timing offset of the UEs, at the eNB receiver input 
	Synchronous
Asynchronous (512 samples offset)

	Channel coding
	LTE Turbo, coding rate 1/2

	Modulation
	QPSK

	Channel estimation
	Ideal

	Receiver timing acquisition
	Ideal

	Receiver type
	MMSE-SIC

	Numerology
	CP DFT-s-OFDM: 1024 IFFT, 
14 OFDM symbols per TTI
CP length = [80 samples (1st symbol), 72 samples]

	
	ZT DFT-s-OFDM: 1024 IFFT, 
15 symbols OFDM symbols per TTI
ZT length = 72 samples
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