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Introduction
[bookmark: OLE_LINK9]During RAN1#84bis and following RAN1 reflector email discussion, some of link-level and system-level evaluation assumptions for MA were discussed and concluded (referring to Annex). In this contribution, we discuss the remaining issues on Link Level Simulation/ System-Level Simulation (LLS/SLS) assumptions for MA. The following five parts are discussed: controversial proposals from email discussion, modelling of interference, traffic models, performance metrics for SLS evaluation, and evaluation methodology.
Discussions on Evaluation of 5G MA Schemes
[bookmark: _Ref450664091]Remaining issues from email discussion
LLS evaluation assumption:
Most of evaluation assumptions were discussed and concluded by online and email discussion [84b-11] (details can be referred to Annex). Some parameters for LLS are still controversial and therefore could not be agreed. Further discussion of simulation parameters is needed to facilitate the comparison of performance results of different MA schemes.
Total allocated bandwidth for transmission and target spectral efficiency: The assumptions of both simulation parameters should be considered together. The proposed NOMA schemes can be compared according to the required number of transmission bits per UE at the same allocated BW. This would reveal the resource usage efficiency and reflect the advantage of each scheme. Note that it will provide a fair comparison but not impose the limitation of MCS, coding rate and etc. 
Proposal 1:
	Parameters 
	Values or assumptions 

	Total allocated bandwidth for transmission (UL)
	4RB (0.72MHz), 12RB (2.16MHz)

	Total allocated bandwidth for transmission (DL)
	4RB (0.72MHz), 12RB (2.16MHz) 



Proposal 2:
	Parameters 
	Values or assumptions 

	Suggested target spectral efficiency 
Definition: required transmission bits per user / total number of resource elements shared for data transmission 
	For 4RB case (without CRC): 120 bits, 192 bits, 264 bits
For 12RB case (without CRC): 408 bits, 624 bits, 840 bit




Equal/Unequal transmit SNR: Equal transmit SNR reflects consistent large-scale parameters and the effect of power control. The UEs are evaluated under the same environment while received SINR are different among UEs. For unequal transmit SNR, a large number of samples to reflect various received SINR distribution are needed.
Proposal 3:
	Parameters 
	Values or assumptions 

	Suggested SNR distribution of multiple UEs 
	Equal transmit SNR (short-term variation remains) 




Modeling of interference
[bookmark: OLE_LINK2][bookmark: OLE_LINK7][bookmark: OLE_LINK8]The interference modelling should be addressed in the remaining evaluation methodology. In the single chain link level simulation, the interference from other Non- Orthogonal Multiple Access (NOMA) users is modelled as Gaussian noise.  The Gaussian Approximation (GA) by modelling multi-user interference as Gaussian noise would have inaccurate and optimistic performance results. The GA for NOMA interference modelling would model the interference exactly the same as that of Orthogonal Multiple Access (OMA). Then NOMA and OMA cannot be distinguished for the Link to System mapping (L2S). This will lead to the over optimistic performance from system level simulation. Moreover, the selection of receiver algorithms would not be tested with the inaccurate modelling of interference. If the interference is modelled as Gaussian noise, the signal processing gain of Successive Interference Cancellation (SIC) receiver and Reduced complexity Maximum Likelihood (R-ML) receiver cannot reflect in the final system performance results. For accurate interference modelling, the exact interference from paired UEs should be modelled in evaluation of NOMA.
Proposal 4: The exact interference from paired UEs should be modelled in evaluation of NOMA schemes.

Traffic Models 
Traffic model in system level simulation is not yet discussed. The traffic proposals are given in Table 1.1‑1. To align with general evaluation assumption agreed in last RAN1 meeting, system throughput studies shall be assessed using full-buffer traffic model capturing continuous traffic and non-varying interference. Additionally, evaluations with time-varying interference shall be carried out by using non-full buffer traffic models.
[bookmark: _Ref450579807]Table 1.1‑1 Traffic Models
	Evaluation Scenarios
	Traffic Models

	eMBB
	Full buffer
[bookmark: OLE_LINK1]FTP model 1 (36.814 [1]) with 0.5Mbytes

	mMTC
	Modified FTP model 1(smaller File size)*


Note*: Modified FTP model 1 is a new traffic model based on FTP model 1 for mMTC scenario.

For eMBB services, the full buffer traffic model and the FTP model are both considered to evaluate the UE/cell spectrum efficiency and UE experienced rate respectively. The FTP model is the same as the FTP model 1 in 36.814 [1], where the file size is 0.5Mbytes.
For mMTC services, the traffic model mainly focus on IoT (Internet of Things) like traffic in order to meet the requirement of large connection density, e.g. 1 000 000 device/km2. This mMTC service reflects smaller packet size and large packet inter-arrival time. The details are provided in Figure 1.1‑1 (the same rule as user arrival of traffic model 1) and Table 1.1‑2, which is FTP model 1 with smaller file size meanwhile user arrival rate λ is derived by file dropping rate from simulation. RU is not needed in the model for comparison. File dropping rate, e.g. 1% is defined as one of SLS performance metrics. The purpose is to calculate the number of connected UE through user arrival rate at a certain file dropping rate.


[bookmark: _Ref450653745]Figure 1.1‑1 Traffic generation of FTP Model 1

[bookmark: _Ref450640541]Table 1.1‑2 Modified FTP Traffic Model 1
	Parameter
	Statistical Characterization

	File size, S

	20 bytes for 4PRBs
65 bytes for 12PRBs
 (one user downloads a single file) (Note 1)

	User arrival rate λ
	Poisson distributed with arrival rate λ (Note 2)


Note 1: In the mMTC scenario, taking into account the performance and complexity of the non-orthogonal receiver, the modulation order is assumed not higher than 2, e.g. QPSK or BPSK. The file size is 20 bytes for 4PRBs and 65 bytes for 12 PRBs and during the transmission procedure one packet is assumed not split into more than one transmission opportunity.

Proposal 5: To adapt traffic model in Table 1.1-1 and Table 1.1-2 and their notes in SLS.

Performance Metrics for SLS Evaluation
The following performance metrics are considered for modified FTP traffic model1 in mMTC.
According to 38.913 [3], 3GPP needs to achieve this target by designing highly connection efficient RAT, in which connection efficiency is measured as number of supported UEs per TRP per unit frequency resource (UE/TRP/MHz).
· User connection efficiency = system packet arrival rate (packet/s) * unit time /TRP number/ transmission bandwidth
· Since the mMTC traffic is small packet traffic with sparse packet interval, one packet transmission can be completed within one TTI. The system packet arrival rate can be considered as the number of supported UEs per TRP in the unit time.
· System packet arrival rate should meet the requirement of file dropping rate 1%.
· The file dropping criteria is given as follows.
· Drop a file if its channel condition is worse than the SINR requirement of BLER=1%.
· Drop a file if its transfer is not completed within a maximum transfer time T_drop, e.g. 10s [4].
· For the case when the system is overloaded, the file dropping processing can be reasonably simplified, which is FFS.
Proposal 6：File dropping rate is included as one performance metric in SLS for mMTC and system packet arrival rate should meet the requirement of file dropping rate 1%
Evaluation Methodology
In this section, the evaluation methodology mainly focuses on the user connection efficiency in mMTC scenario, which should meet the performance requirement, e.g. system file dropping rate = 1% per transmission.  In the system simulation, it can obtain the system file dropping rate for UE/system arrival rate. By changing the value of the system file dropping rate, the proper value should be derived to satisfy various QoS. The details of the evaluation methodology are given as follows.
Step 1: Set a certain UE/system packet arrival rate Npacket packet/ ms. 
Step 2: Generate the UE traffic packet according to the modified FTP model 1 in 1.1.
Step 3: Run simulation and obtain the file dropping rate at the system packet arrival rate set.
Step 4: For the different system packet arrival rates and corresponding system file dropping rates, keep doing step 3 to find the system packet arrival rate X satisfying the file dropping rate 1%.
Step 5: Calculate UE connection efficiency by system packet arrival rate X*unit time/TRP number/bandwidth. 
Proposal 7: To include evaluation methodology step 1-5 for mMTC scenario.
Conclusion
In this contribution, we discuss the remaining issues on link/system-level evaluation assumptions for MA. The following five parts are discussed: controversial proposals from email discussion, modelling of interference, traffic models, performance metrics for SLS evaluation, and evaluation methodology.
The proposals are as follows:
Proposal 1:
	Parameters 
	Values or assumptions 

	Total allocated bandwidth for transmission (UL)
	4RB (0.72MHz), 12RB (2.16MHz)

	Total allocated bandwidth for transmission (DL)
	4RB (0.72MHz), 12RB (2.16MHz) 



Proposal 2:
	Parameters 
	Values or assumptions 

	Suggested target spectral efficiency 
Definition: required transmission bits per user / total number of resource elements shared for data transmission 
	For 4RB case (without CRC): 120 bits, 192 bits, 264 bits
For 12RB case (without CRC): 408 bits, 624 bits, 840 bit




Proposal 3:
	Parameters 
	Values or assumptions 

	Suggested SNR distribution of multiple UEs 
	Equal transmit SNR (short-term variation remains) 
Unequal transmit SNR (the SNR distribution is FFS, e.g., uniformly distributed within a range of 3dB, and proponents should report their assumption) 



Proposal 4: The exact interference from paired UEs is modelled in the evaluation of NOMA scheme.
Proposal 5: To adapt traffic model in Table 1.1-1 and Table 1.1-2 and their notes in SLS. 
Proposal 6: File dropping rate is included as one performance metric in SLS for mMTC and system packet arrival rate should meet the requirement of file dropping rate 1%.
Proposal 7: To include evaluation methodology step 1-5 for mMTC scenario.
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Annex
Table 1 Evaluation parameters – LLS for UL
	Parameters 
	Values or assumptions 

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM /SC-FDMA 
Other waveform is not precluded 

	Channel coding
	LTE Turbo as start point, other coding schemes are not precluded.

	Numerology 
	Same as Release 13 

	System Bandwidth 
	10 MHz 

	Total allocated bandwidth for transmission 
	Companies need to report this value.

	Overhead 
	2 DMRS symbols, no SRS, i.e., 144 available RE per RB for data transmission, or equivalent overhead 

	Target spectral efficiency 
	Proponents report per UE spectral efficiency and the number of UEs multiplexed if multi-UEs LLS is assumed 

	BS antenna configuration 
	2/4 Rx as baseline 
8Rx optional 

	UE antenna configuration 
	1Tx 

	Transmission mode 
	TM1 (refer to TS36.213) 

	SNR distribution of Multiple UEs 
	Proponents report if single-user or multi-user LLS is used, and what SNR distribution is assumed. 

	Suggested SNR distribution of multiple UEs 
	Equal transmit SNR (short-term variation remains) 
Unequal transmit SNR (the SNR distribution is FFS, e.g., uniformly distributed within a range of 3dB, and proponents should report their assumption) 

	Propagation channel & UE velocity NOTE2
	TDL for in TR38.900 as mandatory 
EPA, EVA, ETU as optional 
3km/h, 30km/h, 120km/h 

	Max number of HARQ transmission 
	1, 4 

	Given BLER level (to calculate sum throughput) 
	0.1 for 1 transmission as starting point, other numbers not precluded, e.g.,
0.01 for 1 transmission 

	Overloading factor
(Optional, definition refers to R1-163881)
	Some example values:
100%, 150%, 200%, 300% 


Note1: Non-ideal effects (e.g., channel estimation, frequency offset) evaluation FFS.
Note2: Companies could choose the propagation model for bringing evaluations at RAN1#85, but companies are expected to provide evaluations at least for the channels listed in the table by RAN1#86.

Table 2 Evaluation parameters – LLS for DL 
	Parameters
	Values or assumptions

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM 
Other waveform is not precluded 

	Channel coding
	LTE Turbo as starting point, other coding schemes are not precluded.

	Numerology 
	Same as Release 13 

	System Bandwidth 
	10 MHz 

	Total allocated bandwidth for transmission 
	Companies need to report this value. 

	Overhead 
	2 PDCCH symbols, 2 CRS ports for TM2 , i.e., 132 REs per RB for data transmission, or equivalent overhead 

	Target spectral efficiency 
	Proponents report per UE spectral efficiency and the number of UEs multiplexed if multi-UEs LLS is assumed 

	BS antenna configuration 
	2/4 Tx as baseline 
8Tx optional 

	UE antenna configuration 
	2 Rx 

	Transmission mode 
	TM2 as starting point (refer to TS36.213) 

	SNR distribution of Multiple UEs 
	Fixed gap {0, 5, 10, 15, 20} dB between UEs 

	Number of UEs 
	2 UEs as start point 

	SNR of the reference UE 
	0dB
(The SNR of the other UE would be 0, 5, 10, 15, or 20dB)

	Power allocation between UEs 
	Dynamic 

	Propagation channel & UE velocity NOTE2
	CDL in TR38.900 as mandatory 
EPA, EVA, ETU as optional 
3km/h, 30km/h, 120km/h 

	Max number of HARQ transmission 
	1, 4 

	Given BLER level (to calculate sum rate region) 
	0.1 for 1 transmission as starting point 


[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Note1: Non-ideal effects (e.g., channel estimation, frequency offset) evaluation FFS.
Note2: Companies could choose the propagation model for bringing evaluations at RAN1#85, but companies are expected to provide evaluations at least for the channels listed in the table by RAN1#86.
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