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Introduction
In RAN1 meeting #84bis, several candidate non-orthogonal multiple access schemes were discussed, and the initial agreement regarding the multiple access schemes was that [1]:
· 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

Following these initial discussions, in RAN1 Meeting #85 is was agreed that [2]:
· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics
· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB
· Multiple UEs can share the same time and frequency resources
· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied
· Collision of  time/frequency resources from different UEs, solutions potentially including 
· E.g., code, sequence, interleaver pattern
· UL synchronization (DL synchronization assumed)
· Case 1: Timing offsets between UEs are within a cyclic prefix
· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 
· Requirement for power control
· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration
· Case 2: Realistic open-loop power control with certain alpha and P0 values
· Case 3: Close-loop power control
· Receiver impact

This contribution is an update to [3], where preliminary simulation results were presented for evaluating the performance of power-domain based non-orthogonal multiple access (NOMA) schemes for the uplink of NR. 
In this update, we present further link-level simulation results for power-domain NOMA schemes for UL NR, for both synchronous (RACH based, or Case 1 in the agreement above) and asynchronous (RACH-less, or Case 2 in the agreement above) scenarios. This contribution also discusses aspects of grant-free UL NOMA transmissions related to power control.


Asynchronous UL NOMA: motivation and discussion
For the mMTC usage scenario, one of the key performance indicators is the connection density, where the target number of connected and/or accessible devices is 1 million/km2 [4]. As the UL transmissions are expected to be small in size (e.g. up to 200 bytes UL per day, as suggested in Section 7.11 of [4]), reducing the signaling overhead of the scheduling requests and the UL grants, becomes critical. For this scenario, it is important to investigate grant-free/contention based UL transmissions.
As agreed in RAN1 Meeting #85 [2], it is assumed that the devices are DL synchronized before attempting the UL transmissions. However, for further overhead reduction as well as for delay reduction, RACH-less operation may be considered in some cases, as proposed in [5]. As a result of the RACH-less operation, the timing of UL transmissions of different UEs, as received by the eNB, may no longer be synchronized, i.e. the relative timing offsets are larger than the cyclic prefix or the guard interval (e.g. ZT or UW). Preliminary link level simulation results presented in [3] showed that power-domain UL NOMA schemes appear to be well suited for asynchronous UL multiple access: while the asynchronous aspect may not be needed for the eMBB usage scenario, the feature is forward compatible and may be beneficial for the mMTC usage scenario.
Using power-domain based UL NOMA schemes, UE transmissions may be multiplexed on shared time and frequency resources, and their signals can be separated by advanced receivers, as long as there is sufficient power difference between the individual signals. UL asynchronous operation may also be possible (at the expense of increased receiver complexity), using MMSE-SIC schemes, provided that the eNB acquires the timing of individual UE transmissions. 
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Figure 1 Asynchronous UL operation
For the asynchronous scenario described above, assuming per UE timing acquisition is performed, the eNB first aligns its FFT 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 FFT receive window is re-aligned to the second highest received UE power, and the aforementioned processing steps are repeated.
For the synchronous case, the eNB FFT receive window is aligned (within the CP/GI) to all the received UE transmissions, so the FFT window does not need to be realigned for each individual UE when performing the FFT operation. 
The following section presents updated link level simulation results for the evaluation of both synchronous and asynchronous UL NOMA, where transmissions of two UEs overlap on the same time and frequency resources, with different power and timing offsets.

Simulation results and discussions
In this section, link level simulations are presented for synchronous and asynchronous grant-free UL NOMA, using two UEs configured such that their signals are received by the eNB at different power levels. The asynchronous case was simulated by a constant timing offset of 512 samples. Additionally, the simulations were run for different waveforms: CP DFT-S-OFDM, and the ZT DFT-S-OFDM. The receiver timing acquisition for each UE, as well as the channel estimation are ideal. The detailed simulation configuration is presented for reference in the Appendix.
The BLER of UE1 (higher power, represented in blue) and UE2 (lower power, represented in green) as a function of the SNR of UE1 for a CP DFT-s OFDM waveform is shown in Figure 2. The figure shows the BLER results for various power offsets between the UEs for both the synchronous case (solid line), and the asynchronous case (dash-dot line). 
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[bookmark: _Ref456885520]Figure 2 BLER versus UE1 SNR, for CP DFT-s OFDM
In Figure 2 it can be seen that the performance of UE1 improves as its power offset with respect to UE2 increases. This is expected, as the transmission from UE2 acts as interference to UE1, so the larger the power offset between UE1 and UE2, the smaller the interference to UE1.
The BLER of UE1 and UE2 for the ZT DFT-s OFDM waveform is presented in Figure 3. The relative performance of the higher power/lower power UEs with respect to the power offset shows the same trend as for the CP DFT-s OFDM waveform.
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[bookmark: _Ref456886382]Figure 3 BLER versus UE1 SNR, for ZT DFT-s OFDM
The results presented above suggest that the UL power-domain NOMA may be suited for asynchronous operation, as long as accurate timing acquisition is performed at the receiver. This is true for both CP DFT-s OFDM and ZT DFT-s OFDM.
From the results presented in Figure 2 and Figure 3, it can be seen that the power offset that can be supported between the high power UE and the low power UE so that the overlapping transmissions can be separated in power domain, may depend on the operating SNR of the higher power UE. For example, when the operating point is 10 dB for UE1, an acceptable power offset may be 6 dB, which would lead to UE 2 BLER below 0.1 (potentially, a power offset of 9 dB may also be used, depending on the target BLER). When the higher power UE operates at a higher SNR, e.g. UE1 SNR=18 dB, the max power offset may be up to 12 dB (note that practical implementations with realistic AGC and ADC will limit the max power offset between the UEs). A high level summary for the power offsets between UE1 and UE2, such that the UE2 BLER is below 10%, is presented in Table 1 below.
[bookmark: _Ref457236798]Table 1 Max UE1 to UE2 power offset 
	UE1 SNR (dB)
	Power offset between UE1 and UE2 (dB)

	10
	6

	14
	9

	>16
	12



It should be noted that these numerical values are applicable to the specific choice of simulation parameters (e.g. the coding rate was set to 0.5 for both UEs). For example, when operating in the lower SNR region, e.g. UE1 SNR = 8 dB, it may still be possible to receive UE2 with BLER close to 10%, if UE2 is configured to use a lower coding rate (or a lower MCS, when link adaptation is enabled). Conversely, when operating in the higher SNR region, e.g. UE1 SNR > 16 dB, it is possible to improve the spectral efficiency of UE1 by using a higher coding rate (or higher order modulation).   
The simulation results presented in Figure 2 and Figure 3 suggest that the configuration of the power offset between the high power and the low power UEs is an important factor for the operation of grant-free UL power-domain NOMA. 
When each URLLC/mMTC UEs initially connects to the network, the eNB may pre-assign time and frequency resources for the UL grant-free transmissions. Given the potentially large number of connections and the limited number of resources, the eNB may pre-assign the same set of resources to multiple UEs. The assignment should attempt to group the UEs based on the power offset that can be achieved between the high power UEs and the low power UEs in the group [6]. For the actual power offset and actual SNR to be close to the target operating point, it is important that both the accuracy of the UL measurement reporting (e.g. path loss measurements) and the accuracy of the power control are improved. 
Proposal 1: Methods to improve the accuracy of both measurement reporting and power control should be studied for UL NOMA for NR.

Summary
This contribution presented simulation results for evaluating the performance of power-domain UL NOMA for grant-free UL transmissions, and discussed aspects related to power control and its impact to the receiver design. The following proposal is made:

Proposal 1: Methods to improve the accuracy of both measurement reporting and power control should be studied for UL NOMA for NR.

References
[bookmark: _Ref455734493][bookmark: _Ref434502751][bookmark: _Ref419296613][bookmark: _Ref434227915][bookmark: _Ref434501473]Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #84bis, Busan, Korea, 11th – 15th April 2016.
[bookmark: _Ref457232155]Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #85, Nanjing, China, 23rd- 27th May 2016.
R1-165058, “Performance Evaluation of Asynchronous UL NOMA”, InterDigital, 3GPP TSG RAN WG1 Meeting #85, Nanjing, China, 23rd- 27th May 2016.
3GPP TR 38.913 v0.4.0, June 2016, Study on Scenarios and Requirements for Next Generation Access Technologies; (Release 14).
R1-165174, “Uplink multiple access schemes for NR”, NTT DOCOMO, 3GPP TSG RAN WG1 Meeting #85, Nanjing, China, 23rd- 27th May 2016.
R1-165175, “Initial views and evaluation results on non-orthogonal multiple access for NR,” NTT DOCOMO, Inc., 3GPP TSG RAN WG1 Meeting #85, Nanjing, China, 23rd- 27th May 2016.


Appendix: Link Level Simulation Configuration
The evaluation parameters for link level simulations used in this contribution are based on the agreements in [1], and are presented in Table 1 below. 

[bookmark: _Ref450666646]Table 2 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 2)

	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 3 Additional simulation assumptions
	Parameters
	Values or assumptions

	Number of UEs 
	2

	Power offset between UEs 
	6, 9, 12 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
	[bookmark: _GoBack]Ideal

	Receiver type
	MMSE-SIC

	Numerology
	CP DFT-s-OFDM: 1024 IFFT, 
14 OFDM symbols per TTI
CP length = [88 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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