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Background
In the previous meeting, the performance metric and simulation assumption are agreed [1][2]. Furthermore, in RAN1#94[3], the following consensus has been achieved to collect the link-level results with template-1 and 2 for typical cases:
· An exemplary list of simulation cases are included in the companion spreadsheet ‘template 1’ in R1-1809789, for initial collection of BLER vs. SNR curves.
· Companies can select among the list of simulation conditions in templates 1 & 2 when performing initial link level simulations
· Companies are encouraged to simulate enough cases to support a broad understanding for scenarios under study in NOMA
· Additional simulation cases may be captured in template 1.
· For unequal SNR distribution within range [x - a, x + a] (dB), per UE SNR is the average SNR in dB, i.e. x (dB)
· Adopt the companion spreadsheet ‘template 2’ in R1-1809789 as the template for collecting the initial evaluation results of per UE SNR at the target BLER level (in addition to BLER vs. SNR curve).
[bookmark: _GoBack]In this contribution, link-level evaluation results for the QAM-sequence based symbol-level spreading scheme (MUSA) based on the agreed LLS assumptions for template-1 are presented for all three scenarios, i.e., mMTC, URLLC and eMBB. Both MMSE hard-SIC receiver and EPA are considered for corresponding cases. All results are included in the attached excel following the format of template-1/2/3.
Overall simulation assumption
For the mMTC/URLLC and eMBB scenarios, typical cases listed in the aforementioned templated 1 are evaluated with detailed assumption shown in Table 1 in appendix. The spreading sequences, together with the combination between TBS size, SF and modulation order are elaborated in [4]. Single branch transmission per UE is conducted in this contribution. 
Meanwhile, in case of simulation considering the randomness on the MA signature, the following option is considered with the uniformly distributed TO belong to [0 1.5NCP] for potential UEs.
· For random MA signature (including RS) in LLS, companies report the details of the chosen Option(s):
· Opt 1: Fixed number of UEs, with each UE randomly selects a MA signature from a pre-configured MA signature pool
· Number of potential UEs and the pool size should be reported
The channel structure (preamble + data) proposed in [5] is used in these cases. The UE detection, channel and TO/FO estimation are conducted by the preamble (Rel-15 NR preamble with pool size = 64). 
In case of simulation with fixed MA signature, uniformly distributed TO belong to [0 0.5NCP] is considered for UEs if TO/FO is enabled. Otherwise, zero timing and frequency offset are considered. The channel structure for PUSCH in Rel-15 is used in this case and for RCE, both TO/FO and channel are estimated based on DM-RS.
W.r.t the receiver, linear MMSE with hard-SIC receiver are assumed for all the cases where the details can be found in [6]. EPA is also implementation for performance comparison for some cases. For both realistic and ideal channel estimation, NR DMRS type 2 with 1/7 overhead is adopted if number of UE is less than 12. Otherwise, we simply double the number of FDM combs to increase the orthogonal ports to e.g. 24. Consequently, the accuracy of channel estimation would suffer due to the less number of estimation samples in frequency domain. 
Preliminary link-level evaluation results for mMTC
For mMTC, in case of fixed MA signature allocation, both CP and DFT-S-OFDM are considered in the simulation. As the results shown in Figure 1~Figure 5, it can be found that in case of TBS = 10 Bytes, 24 UEs can be supported. Although the decrease of supported UE number can be observed along with the increasing of TBS, up to 10 UEs can be still supported for TBS = 75 Bytes. Moreover, with increasing the Rx number at gNB side (i.e., 4 Rx), more UEs can be supported, i.e., up to 16 for TBS = 60 and 75 Bytes as shown in Figure 6 and Figure 7, respectively.
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	[bookmark: _Ref525925595]Figure 1 Results for both ICE(left) and RCE (right) for TBS = 10 Bytes with equal SNR for CP-OFDM (Rx = 2) via MMSE-SIC
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	[bookmark: _Ref525934268]Figure 2 Results for both ICE(left) and RCE (right) for TBS = 20 Bytes with equal SNR for CP-OFDM (Rx = 2) via MMSE-SIC
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	Figure 3 Results for both ICE(left) and RCE (right) for TBS = 40 Bytes with equal SNR for CP-OFDM (Rx = 2) via MMSE-SIC
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	Figure 4 Results for both ICE(left) and RCE (right) for TBS = 60 Bytes with equal SNR  for CP-OFDM (Rx = 2) via MMSE-SIC
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	[bookmark: _Ref525925599]Figure 5 Results for both ICE(left) and RCE (right) for TBS = 75 Bytes with equal SNR for CP-OFDM (Rx = 2) via MMSE-SIC
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	[bookmark: _Ref525927207]Figure 6 Results for both ICE(left) and RCE (right) for TBS = 60 Bytes with equal SNR for CP-OFDM (Rx = 4) via MMSE-SIC
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	[bookmark: _Ref525927209]Figure 7 Results for both ICE(left) and RCE (right) for TBS = 75 Bytes with equal SNR for CP-OFDM (Rx = 4) via MMSE-SIC


For the case with unequal SNR, results for fixed MA signature allocation is shown from Figure 8 to Figure 11 for CP-OFDM and DFT-S-OFDM, respectively. It can observed that up to 24 can be supported for the case with small TBS regardless waveform. Through the performance comparison shown in Figure 9 and Figure 15, similar as aforementioned results with equal SNR, with enlarging the number of Rx at gNB side, the supported UE is increased to 16.
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	[bookmark: _Ref525927674]Figure 8 Results for both ICE(left) and RCE (right) for TBS = 20 Bytes with unequal SNR for CP-OFDM (Rx = 2) via MMSE-SIC
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	[bookmark: _Ref525928605]Figure 9 Results for both ICE(left) and RCE (right) for TBS = 60 Bytes with unequal SNR for CP-OFDM (Rx = 2) via MMSE-SIC
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	Figure 10 Results for both ICE(left) and RCE (right) for TBS = 10 Bytes with unequal SNR for DFT-S-OFDM (Rx = 2) via MMSE-SIC
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	[bookmark: _Ref525927677]Figure 11 Results for both ICE(left) and RCE (right) for TBS = 20 Bytes with unequal SNR for DFT-S- OFDM (Rx = 2) via MMSE-SIC
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	Figure 12 Results for both ICE(left) and RCE (right) for TBS = 40 Bytes with unequal SNR for DFT-S- OFDM (Rx = 2) via MMSE-SIC

	[image: ]
	[image: ]

	Figure 13 Results for both ICE(left) and RCE (right) for TBS = 60 Bytes with unequal SNR for DFT-S- OFDM (Rx = 2) via MMSE-SIC
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	[bookmark: _Ref525934697]Figure 14 Results for both ICE(left) and RCE (right) for TBS = 75 Bytes with unequal SNR for DFT-S- OFDM (Rx = 2) via MMSE-SIC
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	[bookmark: _Ref525928435]Figure 15 Results for both ICE(left) and RCE (right) for TBS = 60 Bytes with unequal SNR for CP- OFDM (Rx = 4) via MMSE-SIC


For evaluating the potential data transmission from UE, e.g., UE in RRC inactive/idle state or before accessing the system with Rel-15 procedure, simulation with random MA signature selection are conducted with results shown in Figure 16 and Figure 17 for CP-OFDM and DFT-S-OFDM, respectively. In these cases, TO belong to [0 0.5NCP] is implemented. It can be observed that up to 6 UEs can be supported.

	[image: ]
	[image: ]

	[bookmark: _Ref525929411]Figure 16 Results with RCE for TBS = 10 (left) and 20 (right) Bytes with unequal SNR and TO/FO based on random MA signature selection for CP-OFDM via MMSE-SIC
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	[bookmark: _Ref525929412]Figure 17 Results with RCE for TBS = 10 (left) and 20 (right) Bytes with unequal SNR and TO/FO based on random MA signature selection for DFT-S-OFDM via MMSE-SIC 


In addition to the MMSE-SIC receiver, additional results based on EPA for some cases are also conducted as listed in the attached templated. Significant performance gain can be observed in case of larger UEs and TBSs. For example, as shown in Figure 18, it can be observed that more UEs (24 vs 20) can be supported with similar SNR region comparing with the results based on MMSE-SIC shown in Figure 2.
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	[bookmark: _Ref525934113]Figure 18 Results for both ICE(left) and RCE (right) for TBS = 20 Bytes with equal SNR for CP-OFDM (Rx = 2) via EPA receiver


Observation 1: Overloading capability can be further enhanced via introducing more Rx antenna at gNB side.
Observation 2: Significant performance gain can be achieved for QAM-sequence based spreading via EPA comparing to MMSE-SIC.
Preliminary link-level evaluation results for URLLC
For URLLC, carrier frequency equates to both 700 MHz and 4 GHz are evaluated for CP-OFDM. Results based on MMSE-hard SIC are shown Figure 19~Figure 22. It can be found that, even with limited DM-RS overhead (1 OFDM symbol), up to 8 and 12 UEs can be well supported in case of TBS = 60 and 10 Bytes, respectively, which demonstrates that excellent overloading can be achieved by introducing QAM-sequence based symbol-level linear spreading. 
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	[bookmark: _Ref525906472]Figure 19 Results for both ICE(left) and RCE (right) for TBS = 10 Bytes at 700 MHz
 via MMSE-SIC
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	Figure 20 Results for both ICE(left) and RCE (right) for TBS = 60 Bytes at 700 MHz
 via MMSE-SIC
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	Figure 21 Results for both ICE(left) and RCE (right) for TBS = 10 Bytes at 4 GHz
via MMSE-SIC
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	[bookmark: _Ref525906494]Figure 22 Results for both ICE(left) and RCE (right) for TBS = 60 Bytes at 4 GHz
via MMSE-SIC


Preliminary link-level evaluation results for eMBB
For eMBB, results for equal SNR without TO/FO are shown in Figure 23~Figure 25 by assuming fixed MA signature allocation for each UE. It can be found that based on MMSE-SIC, up to 24 UEs can be well supported with the limitation of DM-RS overhead for both 20 and 80 Bytes. For TBS = 150 Bytes, 12 UEs can be still supported with lower SNR requirement.
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	[bookmark: _Ref525914004]Figure 23 Results for both ICE(left) and RCE (right) for TBS = 20 Bytes with equal SNR via MMSE-SIC
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	Figure 24 Results for both ICE(left) and RCE (right) for TBS = 80 Bytes with equal SNR via MMSE-SIC
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	[bookmark: _Ref525914006]Figure 25 Results for both ICE(left) and RCE (right) for TBS = 150 Bytes with equal SNR via MMSE-SIC


Furthermore, for cases with the unequal SNR and fixed MA signature allocation, simulations are firstly conducted by assuming TO/FO (i.e., TO within 0.5 NCP as aforementioned) in case of TBS = 20/80 Bytes. Based on the results are shown in Figure 26 and Figure 27, even with imperfection on the synchronization in time and frequency domain, still, up to 24 UEs can also be supported. As the results shown in Figure 28 for TBS = 150 Bytes, since it’s mainly for large data transmission with stable timing, no offsets are involved and same overloading, i.e., UE =12, is supported as equal SNR.
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	[bookmark: _Ref525915045]Figure 26 Results for both ICE(left) and RCE (right) for TBS = 20 Bytes with unequal SNR and TO/FO via MMSE-SIC
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	[bookmark: _Ref525915046]Figure 27 Results for both ICE(left) and RCE (right) for TBS = 80 Bytes with unequal SNR and TO/FO via MMSE-SIC
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	[bookmark: _Ref525921562]Figure 28 Results for both ICE(left) and RCE (right) for TBS = 150 Bytes with unequal SNR 
via MMSE-SIC


Additionally, simulation with random MA signature selection are conducted with results shown in Figure 29, it can be found that up to 8 UE is supported, which significantly enhances the overloading for the these cases. 
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	[bookmark: _Ref525923085]Figure 29 Results with RCE for TBS = 40 (left) and 80 (right) Bytes with unequal SNR and TO/FO based on random MA signature selection via MMSE-SIC


Observation 3: (Preamble + data) channel structure is beneficial to asynchronous transmission with TO belong to [0 1.5 NCP].
Sum-throughput results
The sum-throughput is agreed as metric to demonstrate the overloading performance of NOMA via LLS. For mMTC case, the corresponding results for the case with equal and unequal SNR are shown in Figure 31 and Figure 32, it can be found that for all these cases, high sum-throughout can be achieved with introducing the QAM-sequence based symbol-level linear spreading. Same observations can also be made for the eMBB cases according to the results shown in Figure 33 and Figure 34.
	[image: ]
	[image: ]

	[bookmark: _Ref525931681]Figure 31 Sum- throughput for both DFT-S-OFDM and CP-OFDM with equal SNR based on RCE via MMSE-SIC
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	[bookmark: _Ref525931682]Figure 32 Sum- throughput for both DFT-S-OFDM and CP-OFDM with unequal SNR based on RCE via MMSE-SIC
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	[bookmark: _Ref525932082]Figure 33 Sum- throughput for CP-OFDM with equal SNR based on RCE via MMSE-SIC
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	[bookmark: _Ref525932083]Figure 34 Sum- throughput for CP-OFDM with unequal SNR based on RCE via MMSE-SIC


Observation 4: With MMSE hard-SIC receiver, NOMA with QAM-sequence based symbol-level linear spreading can achieve excellent overloading capability with very limited per UE performance loss in all the interested use scenarios for mMTC, URLLC and eMBB. 
Conclusion
In this contribution, we provided some link level simulations and preliminary performance comparisons among different NOMA schemes from various aspects. Some proposals and observations were made as follows.
Observation 1: Overloading capability can be further enhanced via introducing more Rx antenna at gNB side.
Observation 2: Significant performance gain can be achieved for QAM-sequence based spreading via EPA comparing to MMSE-SIC.
Observation 3: (Preamble + data) channel structure is beneficial to asynchronous transmission with TO belong to [0 1.5 NCP].
Observation 4: With MMSE hard-SIC receiver, NOMA with QAM-sequence based symbol-level linear spreading can achieve excellent overloading capability with very limited per UE performance loss in all the interested use scenarios for mMTC, URLLC and eMBB. 
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Appendix
[bookmark: _Ref525893380]Table 1 Simulation assumptions used for preliminary evaluations
	Parameters
	mMTC
	URLLC
	eMBB

	Carrier Frequency
	700 MHz
	700 MHz or 4 GHz
	4 GHz

	Waveform
	CP-OFDM and DFT-s-OFDM
	CP-OFDM
	CP-OFDM

	Channel coding
	LDPC

	Numerology (data part)
	SCS = 15 kHz,
	Case 1: SCS = 60 kHz, #OS = 7
Case 2: SCS = 30 kHz, #OS = 4
	SCS = 15 kHz

	Allocated bandwidth
	6 RB
	12 for SCS = 60 kHz
24 for SCS = 30kHz
	12 RB

	TBS per UE
	[10, 20, 40, 60, 75] Bytes.
	[10,60] Bytes
	[20, 40, 80, 150] Bytes.

	Target BLER for one transmission
	10%
	0.10%
	10%

	RS overhead
	1/7
	1/7 for #OS 7, and 1/4 for #OS 4
	1/7

	BS antenna configuration
	2 and 4 Rx
	4 Rx
	4Rx

	UE antenna configuration
	1 Tx

	Propagation channel & UE velocity
	TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h

	Max number of HARQ 
	1
	1
	1

	Channel estimation
	Both ICE and RCE are considered

	MA signature allocation (for data and DMRS)
	Random/Fixed
	Fixed
	Random/Fixed

	Distribution of avg. SNR
	Both equal and unequal
	Equal
	Both equal and unequal

	Timing offset
	0 or uniform distribution between [0, 0.5/1.5NCP]
	0
	0 or uniform distribution between [0, 0.5/1.5NCP]

	Frequency error
	0 Hz or uniform distribution between -70 and 70 Hz for 700MHz
	0 Hz
	0 Hz or uniform distribution between -140 and 140 Hz for 4GHz

	Traffic model 
	Full buffer
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