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Introduction
At the RAN1 #94 meeting, the following agreements were made with regard to link-level and system-level evaluation methodologies for NOMA study [1]. 
Agreements:
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).
CM/PAPR results as proposed for ‘template 3’ in R1-1809789 can be collected
· It is FFS how the CM/PAPR relates to UE performance tradeoffs, PA backoff, and UE power saving
· It is FFS how to compare the CM/PAPR results using this template, e.g. modulation order should be aligned or not
· PAPR is reported as the CCDF of instantaneous power divided by mean power over all the samples.

Agreements:
Refine the relative SINR and/or I(inter-cell interference)NR values used for link level simulations to reflect those observed in a cell, if needed
· The extent of the refinement, if any, is to be determined according to evaluations.

Agreements:
Further study how many NOMA UEs can be multiplexed in the same PRBs in practical multi-cell deployments by system-level evaluations, taking inter-cell interference and per UE performance into account

Agreements:
Adopt the calibration results in R1-1809790, to be captured in TR38.812.
· To update the legends of the results by replacing companies’ names with the reference indexing
· Further update is possible 
Further alignment on the decoding algorithm for NOMA evaluations can be considered in the future, if necessary.
· Note: this is not intended to revise the corresponding calibration results

Agreements:
Determine the value y for the evaluation with non-zero timing offset (including asynchronous)
· For Case 1: y = NCP/2
· For Case 2: y = 1.5*NCP

Agreements:
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
· Opt 2: Fixed number of randomly activated UEs, with each potential UE’s MA signature pre-configured.
· Number of potential UEs and the pool size should be reported
· Realistic UE/MA signature detection should be performed.
· DMRS extension, if any
· FFS whether to align the pool size for performance evaluations.

Agreements:
The target higher layer system PDR to be used to evaluate the supported system capability in terms of high layer system PAR for mMTC or eMBB scenarios is 1%
The target percentage of users satisfying reliability and latency requirements to be used to evaluate the supported system capability in terms per UE PAR for URLLC scenario is 95%

Agreements:
At least for eMBB, companies are encouraged to report the distribution of PDCCH RB utilization (including PDCCH outage) in each slot at each gNB, which can be used for representing the signalling overhead for grants.
· If used, companies report the system bandwidth and the scheduling mechanism used in simulation.
· The simulation should contain both DL and UL transmissions.

Agreements
For performance metric of Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}
· Same TBS is assumed for each curve
· Total SNR is used
· Total SNR is simplified as sum of average SNR conducted in dB, i.e. x+10*log10(N) (dB), where N is the number of UEs.

Agreements:
Confirm frequency offset for 4GHz carrier frequency as 
· uniform distribution between -140 and 140 Hz

Agreements:
For non-zero timing offset (for  asynchronous)
For all UEs in Case 1 or all UEs in Case 2, TO values for each UE for each transmission are i.i.d from uniform distribution [0, y], and independent between UEs. 
For mixed sync and async, X% of UEs with zero TO and (100–X)% with non-zero TO.
· X = 80
· Other values are not precluded
Note: Companies should provide the details of receiver structure and TO estimation. 

Agreements:
The packet size for NOMA evaluations in eMBB scenario
· 50~600 bytes Pareto distribution, with shaping parameter alpha = 1.5
Clarification of ‘‘8 dBi, including 3dB cable loss” for both system-level evaluation and calibration as 
· 8dBi, 0dB cable loss
In the case of packet segmentation, use 5 bytes packet segmentation overhead for each TB in the SLS evaluation of the NoMA schemes.
· Company report the details of packet segmentation

In this contribution, we provide link-level evaluation results for NOMA based on agreed assumptions, with primary focus on random MA signature selection and timing/frequency offset impairments. The complete link level and system level simulation results are captured in the tdoc as follows:
· Template 1 - NOMA_LLS_BLER_vs_SNR_Intel
· Template 2 - NOMA_LLS_SNR_at_target_BLER_Intel
· Template 3 - NOMA_LLS_PAPR&CM_Intel
· Template_for_NOMA_SLS_Evaluation_final_Intel

Link level evaluation
In this section, we present link-level simulation results for NOMA with random MA signature selection and timing/frequency offset impairments based on agreed assumptions.
Random MA signature selection
DMRS blind detection
As agreed in the RAN1 #94 meeting, two options can be considered for random MA signature selection procedure [1]. More specifically, first option is based on random allocation of MA signature for each user and second one is based on random selection of users with pre-configured MA signatures. 
Note that for the Option 2, collision probability when two UEs with the same pre-configured MA signature are activated depends largely on the number of potential UEs. In an extreme case, when the number of potential UEs is less than or equal to the number of orthogonal MA signatures, gNB may pre-configure UE with orthogonal MA signature, which would result in non-collided signature selection. On the other hand, when the number of potential UEs is relatively large, especially when considering the support of massive number of devices for mMTC scenario, the MA signature collision probability would be similar between the Option 1 and Option 2. 
With random selection of MA signature, DMRS blind detection needs to be performed first at the receiver. In the simulations, DMRS blind detection or UE detection is performed based on cross-correlation of DMRS signal in time domain with delayed version of all possible DMRS sequences used by UEs. When the maximum correlation value for a particular DMRS sequence exceeds a predefined threshold value, this indicates that a UE is detected and subsequent decoding procedure is continued. Figure 1 illustrates the DMRS blind detection/UE detection procedure in the simulations. 


[bookmark: _Ref525891970]Figure 1. DMRS blind detection/UE detection procedure

Link level results with random selection of DMRS APs
In the simulations, it was assumed the Option 1 in order to investigate the impact of random DMRS AP selection on the link level performance. Figure 2 illustrates the link level performance with random DMRS AP selection. In the simulations, it was assumed that the number of DMRS APs is 12. 
From the figure, it can be observed BLER error floor even when the number of UEs is relatively small. This indicates that DMRS AP collision probability would be a dominate factor to determine the overall link level performance for NOMA.  
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[bookmark: _Ref525894761]Figure 2. Link-level performance with random DMRS AP selection
Observation 1
· DMRS AP collision probability is a dominate factor to determine overall link level performance for NOMA.

Timing and frequency offset impairments
Timing and frequency offset estimation
In the presence of timing offset impairment, the aforementioned algorithm for DMRS blind detection can be jointly employed for timing offset estimation. In particular, when the DMRS sequence is successfully detected, time delay corresponding to a maximum correlation value for a particular DMRS sequence is considered as an estimated time offset. Note that in the simulations, it is assumed that if more than one UEs use the same DMRS sequence, the receiver will proceed the only one of them with maximum power. 
Further, in the presence of frequency offset impairment, additional DMRS symbol(s) can be configured and employed in conjunction with front-loaded DMRS symbol(s) for frequency offset estimation. In the simulations, phase difference between front-loaded DMRS symbol(s) and additional DMRS symbol(s) can be utilized to estimate the frequency offset for the detected UE. Note that to support the relatively large number of DMRS APs, e.g., with double front-loaded symbols, configuration of additional double DMRS symbols in the second part of slot for frequency offset estimation would lead to less resources allocated for data transmission, which may degrade the performance.  
Link level results with timing and frequency offset impairments
In the simulations, it was assumed Case 1 for timing offset evaluation, i.e., uniform distribution of the timing error in range of [0 CP/2]. For frequency offset, the agreed parameters were used: [-70 70] Hz for 700 MHz carrier frequency and [-140 140] Hz for 4 GHz carrier frequency.
Figure 3 and Figure 4 illustrate the timing and frequency offset estimation error statistics, respectively.
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[bookmark: _Ref525909522]Figure 3. Timing delay estimation error statistic
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[bookmark: _Ref525893588]Figure 4. Frequency offset estimation error statistic

Figure 5 illustrates link level simulation results with timing and frequency offset impairments for LCRS scheme. In the simulations, two DMRS patterns were assumed: 
· 12 DMRS APs: double front-loaded DMRS symbols and additional 2-symbol DMRS is configured in the second part of slot.
· 6 DMRS APs: single front-loaded DMRS symbol and additional 1-symbol DMRS is configured in the second part of slot
From the figure, it can be seen that in the presence of timing and frequency offset impairments, link level performance is largely degraded when the number of UEs or TBS size is relatively large. In particular, a BLER error floor can be observed under certain simulation assumptions. Based on the simulation results, it is expected that in practical scenario, the number of supported UEs for NOMA can be limited. 
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[bookmark: _Ref525903715]Figure 5. Link-level results with timing/frequency offset impairments

Observation 2
· In the presence of timing and frequency offset impairments, link level performance is largely degraded when the number of UEs or TBS size is relatively large.
· In practical scenario, the number of supported UEs for NOMA can be limited.

Conclusions
In this contribution, we provided link-level evaluation results for NOMA based on agreed assumptions, with primary focus on random MA signature selection and timing/frequency offset impairments. Based on the discussions presented, we summarize our views through the following observations:
Observation 1
· DMRS AP collision probability is a dominate factor to determine overall link level performance for NOMA.
Observation 2
· In the presence of timing and frequency offset impairments, link level performance is largely degraded when the number of UEs or TBS size is relatively large.
· In practical scenario, the number of supported UEs for NOMA can be limited.
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Annex: Evaluation assumption
[bookmark: _Ref521540669]	Table 1 LLS evaluation assumption
	Parameters
	mMTC
	URLLC
	eMBB

	Carrier Frequency
	700 MHz
	700 MHz or 4 GHz 
	4 GHz, 700 MHz as optional

	Waveform 
(data part)
	CP-OFDM and DFT-s-OFDM
	CP-OFDM as starting point
	CP-OFDM as starting point

	Channel coding
	URLLC: NR LDPC
eMBB: NR LDPC 
mMTC: NR LDPC

	Numerology 
(data part)
	SCS = 15 kHz, #OS = 14
	Case 1: SCS = 60 kHz, #OS = 7 (normal CP), optionally 6 (ECP)
Case 2: SCS = 30 kHz, #OS = 4

	SCS = 15 kHz
#OS = 14

	Allocated bandwidth
	6 as the starting point
	12 as the starting point
	12 as the starting point

	TBS per UE
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
Lower than 0.1 bits/RE is optional
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
	At least five TBS that are [20, 40, 80, 120, 150] bytes. Other values higher than 20 bytes are not precluded.

	Target BLER for one transmission
	10%
	0.1%
	10%

	Number of UEs multiplexed in the same allocated bandwidth
	To be reported by companies. 


	BS antenna configuration
	2 Rx for 700MHz,
4Rx for 4 GHz 

	UE antenna configuration
	1Tx

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

	Max number of HARQ transmission
	1 as starting point. 
	1 as starting point. More values, 2 for URLLC can be used.
	1 as starting point.

	Channel estimation
	Ideal channel estimation results should be reported for calibration

Realistic channel estimation

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


	Distribution of avg. SNR
	Both equal and unequal

	Equal
	Both equal and unequal

	Timing offset
	0 as starting point. For grant-free without perfect TA
Uniformly distribute delay [0 CP/2]

	Frequency error
	0 as starting point.
Uniformly distribute frequency offset [-70 70] for 700MHz carrier frequency
Uniformly distribute frequency offset [-140 140] for 4GHz carrier frequency 

	Traffic model for link level
	Full buffer as starting point

	For link level calibration purpose only
	OMA single user whose spectral efficiency is the same as per UE SE in NOMA. AWGN curves can be provided also.
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