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1. Introduction
An unofficial email discussion on system-level evaluation methodology and assumptions for NOMA has been launched after RAN1#92 meeting. This contribution summarizes companies’ views which also expressed in their contributions.
2. Evaluation methodology and performance metrics

2.1. mMTC
(1) Evaluation methodology

· System level simulation with non-full buffer traffic.

· Mainly focus on normal coverage.

· Benchmark for comparison:

· Contention-based PUSCH, DMRS collision should be considered.

· MMSE-IRC receiver (Note: Advanced receiver is not precluded).

Any comment or suggestion?
	Company
	View

	ZTE
	Agree to mainly focus on normal coverage to avoid the overlap with the wide area (e.g., extreme coverage) scenario to be addressed in NB-IoT or eMTC.

The baseline performance for comparison can be contention-based PUSCH, where DMRS collision should be considered due to the idle/inactive mode operation. MMSE-IRC receiver can be the assumption for baseline performance.

	Huawei
	Note that in the NoMA SID, it is said that contention based OFDMA should be the baseline to compare with, so we mainly discuss grant-free (GF) based evaluation methodologies in the following.

In the GF based SLS evaluation, Non-full buffer traffic model (e.g., FTP 3) is used for each user with inter packet arrival rate (PAR) and packet size distribution such as Pareto distribution on [X1 bytes, X2 bytes].
Each UE is pre-configured with some GF resources, and upon the data packet arrival, the UE is assumed to transmit the packet with [K] repetitions in a one-shot transmission, where [K] can be determined according to its coverage level or channel condition of a UE. The early stop during the transmissions of [K] repetitions may or may not be applied.

To identify the UE activity among GF transmissions, the pre-configuration of UE specific DMRS and the DMRS based UE activity detection are assumed in the current NR Rel-15 GF transmissions, which can be reused in the NoMA SLS evaluation. In the case that the number of potential UEs configured onto the same GF configuration exceeds the number of DMRS ports supported in NR, new design to extend the DMRS ports needs to be discussed.

Simplified baseline defined in Rel-14 MA study can be used for platform calibration while Rel-15 NR grant-free can be a starting point to define the baseline for NoMA benefit justification.

	CATT
	Coverage extension should not be considered for mMTC

	Nokia
	The NOMA evaluation should in the first place focus on UL grant-free for each usage scenario. If NOMA for grant-based is evaluated, the baseline scheme for comparison should be UL MU-MIMO.

	Ericsson


	Baseline schemes have comparable receiver complexity to NOMA and allow spatial separability to be exploited. [Schemes supported in Rel-15 that allow non-orthogonal access without UE specific transmit signal processing for PUSCH are the most relevant baselines.]

	DOCOMO
	The performance metrics and assumptions for system-level evaluations of NOMA in Rel-14 can be the starting point.

	Vodafone
	NoMA SI should not target any Low Power Wide Area (LPWA) use cases and shall focus on only “normal coverage” use cases which corresponds to UE spectral efficiency values greater than 0.1 bps/Hz for establishing the feasibility of NoMA.

Non-full-buffer traffic model should be the focus of the NoMA SI, with full buffer traffic model being used as a baseline for eMBB.

To evaluate the system level gain of NoMA over existing NR, the baseline reference system configuration shall include MU-MIMO (for grant-based operation) and the existing grant-free operation. This baseline configuration should be mandatory for SLS.


(2) Performance metrics

· Higher layer packet drop rate vs. higher layer packet arrival rate. 

· Option 1: Packet drop rate is defined as (the number of packets in outage) / (the number of packets generated), where a packet is in outage if this packet failed to be successfully received by destination receiver beyond “packet dropping timer”, and the packet dropping timer is defined as [x]s. (Note: The value of “x” can be discussed in the evaluation assumptions.)

· Option 2: Packet drop rate is defined as (the number of packets dropped) / (the number of packets generated), where a packet is dropped if this packet failed to be successfully received by destination receiver beyond “max number of (re-)transmissions”, and the max number of (re-)transmissions is defined as [y]. (Note: The value of “y” can be discussed in the evaluation assumptions.)

· CDF of packet drop rate per UE is optional.

Any comment or suggestion?

	Company
	View

	ZTE


	Prefer option 2 to simplify the simulation scenario and reduce the simulation complexity. CDF of transmission latency can also be optionally reported.

	Huawei


	Supported system capacity in terms of system PAR at a given system PDR.

System packet arrival rate (PAR) [X, in the unit of packet/ms/cell] at given system packet drop rate (PDR) threshold [Y, e.g., Y=5%], where a packet is dropped if the transmission of the packet exceeds a given timer of [T, e.g., T=1s] or/and a maximum number of [R, e.g., R=8] repetitions or retransmissions.>>>>>>>>>>[System PDR v.s. system PAR]

Note the waiting time of a packet in the queue before its transmission should also be counted in the total latency.
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	CATT
	For mMTC, the performance metric of PDR vs. PAR can be reused and applied to eMBB as well.

	CMCC
	The curve of packet drop rate (PDR) vs packet arrival rate (PAR) and the curve of resource utilization (RU) v.s. PAR for OMA should be used as the evaluation metrics in mMTC scenario. The RU is defined as “RU= Number of RB per cell used by traffic during observation time / Total number of RB per cell available for traffic over observation time”, where one RB allocated to one (e.g., SU-MIMO) or more (e.g., MU-MIMO or NOMA) users within a cell is counted as used only one time, which is different from the definition in TR36.814.
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In practical network, when RU exceeds a threshold α% (e.g., 70%) in busy hours, it should be considered to increase the network capacity by adding carriers or by other methods. So we suggest that the curve of RU v.s. PAR for OMA is also provided as a metric in the SLS performance evaluation, which can be used to give us a guidance on whether the PAR or RU is practical or not for practical network. As shown in Fig. 1 (b), the value of PAR is β when RU is equal to α% (e.g., 70%) for OMA. Therefore, the performance gains of NOMA scheme 1 over OMA when PAR is less than β are more valuable for practical network.

	Intel
	PDR (Packet drop rate) vs. PAR(Packet arrival rate)

	Qualcomm
	Massive connectivity should be considered as the evaluation metric for mMTC case.

	Ericsson


	The TR 38.802 packet drop rate metric is interpreted as an outage requirement of 1%, implying that the connection density (number of generated packets) should be provided at the point where 99% of all users are served by the system.

A packet dropping timer should be started when upper layers triggers an attempt to access the system for the purpose of initiating a data transfer. The timer is terminated when the data has been delivered by the receiver.

The packet drop timer is to be declared and service latency performance is to be presented when presenting the achieved connection density.

	DOCOMO
	The performance metrics and assumptions for system-level evaluations of NOMA in Rel-14 can be the starting point.

	Vodafone


	The output metrics of total latency and throughput for system-level simulations should include cumulative distribution functions (CDFs) of average throughput and average latency for each user in the system, derived for both NoMA and the baseline performance, instead of just a single average throughput and latency value averaged across all users in the system.


2.2. URLLC
(1) Evaluation methodology

· System level simulation with non-full buffer traffic.

· Target reliability?

· How to simplify the simulation and meanwhile reflect the reliability?

· Benchmark for comparison:

· UL transmission with configured grant type 1 (DMRS is pre-configured, i.e. collision free).

· MMSE-IRC receiver (Note: Advanced receiver is not precluded).

Any comment or suggestion?

	Company
	View

	ZTE


	Since system level simulation would be conducted, reliability of 10-5 and user plane latency of 1ms should be considered.

The following two methods can be discussed to simplify the simulation and meanwhile reflect the reliability, depending on the receiver and link to system model used:

Method 1: Calculating the receiving SINR of a packet transmitted by a UE, deriving the BLER based on the SINR and link to system model, then after the simulation is over, average BLER of all packets transmitted by the UE during the configured simulation time can be calculated, and the average BLER can be set as the transmission reliability of this UE.

Method 2: Calculating the receiving SINRs without intra-cell interference of packets transmitted by multiple UEs sharing the same resources respectively, deriving the BLERs based on the SINRs and link to system model, then after the simulation is over, average BLER of all packets transmitted by a UE during the configured simulation time can be calculated, and the average BLER can be set as the transmission reliability of this UE.

The baseline performance for comparison can be UL transmission with configured grant type 1 for URLLC, where DMRS is pre-configured, i.e. collision free, and MMSE-IRC receiver can be  the assumption for baseline performance.

	Huawei


	One simplified methodology, which people have used to reduce the simulation samples, is to determine the actual PDR per UE from the average BLER of all the packets simulated for that UE. The reliability of the i-th UE is calculated as [image: image3.png]1
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, where [image: image4.png]


 is the BLER for the i-th UE’s k-th packet after finishing the configured K repetitions within the target latency budget, and  Ki is the total number of packets arrived at i-th UE during simulation time Tsim. Assume R0 is the reliability requirement, e.g., R0=1-10-5, then if Ri >R0, then the UE can be considered as satisfied.

The above simplified methodology can reduce the SLS simulation time. However, in order to ensure the accuracy of the simulation, it is found the total packet number in each round of UE drop in the simulation should not be less than the inverse of the target BLER. The main procedure for this simplified methodology is summarized in Figure 1.
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Simplified baseline defined in Rel-14 MA study can be used for platform calibration while Rel-15 NR grant-free can be a starting point to define the baseline for NoMA benefit justification.

	Nokia


	The NOMA evaluation should in the first place focus on UL grant-free for each usage scenario. If NOMA for grant-based is evaluated, the baseline scheme for comparison should be UL MU-MIMO.

	DOCOMO


	The performance metrics and assumptions for system-level evaluations of NOMA in Rel-14 can be the starting point.

	Vodafone


	Non-full-buffer traffic model should be the focus of the NoMA SI, with full buffer traffic model being used as a baseline for eMBB.

To evaluate the system level gain of NoMA over existing NR, the baseline reference system configuration shall include MU-MIMO (for grant-based operation) and the existing grant-free operation. This baseline configuration should be mandatory for SLS.


(2) Performance metrics

· Percentage of users satisfying reliability and latency requirements under configured traffic load.

· CDF of reliability per UE is optional.

Any comment or suggestion?
	Company
	View

	ZTE
	Agree.

	Huawei


	Supported system capacity with required latency and reliability.

Per UE PAR [X, in the unit of packets/ms/UE] at the given ratio of satisfied #UEs over all #UEs [Y%, e.g., Y=90], where a UE is satisfied if its PDR or average BLER is lower than [R, e.g., R=1e-5] and a packet will be dropped if it is not correctly decoded within the [L, e.g., L=1ms] delay bound. >>>>>>>[Ratio of satisfied UE v.s. PAR]
The supported system capacity is the per cell PAR when Y% of the users can meet the URLLC reliability and latency requirements R and L.
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	CATT


	For URLLC, the key metric should be the percentage of UEs satisfying URLLC requirement vs. PAR.

	CMCC


	The curve of the reliability which can be achieved by 95% UEs v.s. PAR and the curve of resource utilization (RU) v.s. PAR for OMA should be used as the evaluation metrics in URLLC scenarios.
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the curve of RU v.s. PAR for OMA should also be taken as an evaluation metric to give us a guidance on whether the PAR or RU is practical or not for practical network and whether the performance gain is achievable or not in practical network. The RU definition is the same as for mMTC.

	Intel
	Outage UE rate vs. PAR

Outage UE can be defined as the UE which does not satisfy the required latency and requirement

	DOCOMO


	The performance metrics and assumptions for system-level evaluations of NOMA in Rel-14 can be the starting point.

	InterDigital


	For URLLC, we suggest providing the CDF of packet latency, where latency is defined as the amount of time it took to successfully receive a packet, including the queueing time.

	Vodafone


	The output metrics of total latency and throughput for system-level simulations should include cumulative distribution functions (CDFs) of average throughput and average latency for each user in the system, derived for both NoMA and the baseline performance, instead of just a single average throughput and latency value averaged across all users in the system.


2.3. eMBB
(1) Evaluation methodology

· System level simulation with non-full buffer traffic.

· Benchmark for comparison:

· Contention-based PUSCH, DMRS collision can be considered.

· MMSE-IRC receiver (Note: Advanced receiver is not precluded).

Any comment or suggestion?
	Company
	View

	ZTE


	For eMBB small packets transmission, signaling overhead can be a serious issue. So for NOMA in eMBB, grant-free transmission can be considered and evaluated, which is beneficial to signaling overhead reduction. Therefore, the baseline performance for comparison can be contention-based PUSCH, where DMRS collision should be considered. MMSE-IRC receiver can be the assumption for baseline performance.

	Huawei


	Simplified baseline defined in Rel-14 MA study can be used for platform calibration while Rel-15 NR grant-free can be a starting point to define the baseline for NoMA benefit justification.

	Nokia


	The NOMA evaluation should in the first place focus on UL grant-free for each usage scenario. If NOMA for grant-based is evaluated, the baseline scheme for comparison should be UL MU-MIMO.

	Qualcomm


	when UL transmission operates in synchronized (with timing advance) and grant-based mode, the implementation of NR MU-MIMO is immediately applicable. Therefore, NR MU-MIMO should be considered as a baseline in evaluating the performance gains of NR NOMA.

	Ericsson


	Baseline schemes have comparable receiver complexity to NOMA and allow spatial separability to be exploited. [Schemes supported in Rel-15 that allow non-orthogonal access without UE specific transmit signal processing for PUSCH are the most relevant baselines.]

	DOCOMO


	The performance metrics and assumptions for system-level evaluations of NOMA in Rel-14 can be the starting point.

	Vodafone


	Non-full-buffer traffic model should be the focus of the NoMA SI, with full buffer traffic model being used as a baseline for eMBB.

To evaluate the system level gain of NoMA over existing NR, the baseline reference system configuration shall include MU-MIMO (for grant-based operation) and the existing grant-free operation. This baseline configuration should be mandatory for SLS.


(2) Performance metrics

· Higher layer packet drop rate vs. higher layer packet arrival rate. 

· Definition of higher layer packet drop rate is as same as in mMTC

· Company report the system resource utilization at each packet arrival rate.

· CDF of packet drop rate per UE is optional.
· CDF of transmission latency is optional.

Any comment or suggestion?
	Company
	View

	ZTE

[R1-1803618]
	Agree to the performance metrics. Prefer option 2 for the definition of packet drop rate to simplify the simulation scenario and reduce the simulation complexity.

	Huawei


	User perceived throughput (UPT) [UPT v.s. PAR(s) at given PDR]
UPT for various per UE PAR [X, in the unit of packet/ms/UE] at given # of users per cell and system PDR [Y%], where a packet is dropped if it exceeds a given timer of [T, e.g., T=1s] or/and achieves the maximum number of [R, e.g., R=4] repetitions or retransmissions.

The 50% user perceived throughput (UPT) and the 5% UPT can be evaluated based on per UE PAR at given PDR and the traffic model.
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	CATT
	For mMTC, the performance metric of PDR vs. PAR can be reused and applied to eMBB as well.

	CMCC


	For grant-based eMBB case, user perceived throughput (UPT) should be taken as the evaluation metric.

For grant-free eMBB case, the same evaluation metrics as in mMTC could be used, which are the curve of PDR vs PAR and the curve of RU vs PAR for OMA.

	Intel
	UPT (User packet throughput) vs. PAR (Packet arrival rate)

	Qualcomm


	For the system-level evaluation of the eMBB use case with small payload:

· The uplink per-packet latency should be reported as a function of the arrival rate. 

· The TDD configuration used for eMBB small payload use case needs to be modelled and reported to account for the resulting impact on latency.

· For eMBB small payload use case, downlink control signalling overhead should be included as one of the performance criteria. The average number of UEs scheduled in each slot at each gNB can be used as the performance metric representing the signalling overhead for grants.

	InterDigital


	For eMBB, the CDF of user packet throughput should be provided where user packet throughput is defined as the amount of data transmitted per packet over the packet latency.

	DOCOMO


	The performance metrics and assumptions for system-level evaluations of NOMA in Rel-14 can be the starting point.

	Vodafone


	The output metrics of total latency and throughput for system-level simulations should include cumulative distribution functions (CDFs) of average throughput and average latency for each user in the system, derived for both NoMA and the baseline performance, instead of just a single average throughput and latency value averaged across all users in the system.


3. Evaluation assumptions

3.1. mMTC
Table 1 System-level simulation assumptions for NOMA evaluations in mMTC scenario

	Parameters
	Assumptions
	References

	Layout
	Single layer - Macro layer: Hex. Grid
	TR 38.802 Table A.2.1-3

	Inter-BS distance
	1732m
	TR 38.802 Table A.2.1-3

	Carrier frequency
	700MHz
	TR 38.802 Table A.2.1-3

	Simulation bandwidth
	Up to 6 PRBs
	Link level assumption

	Number of UEs per cell
	Companies report
	TR 38.802 Table A.2.2-2

	Channel model
	3D UMa
	TR 38.802 Table A.2.1-3

	UE Tx power
	23 dBm
	TR 38.802 Table A.2.1-3

	BS antenna configurations
	Rx: 2 or 4 ports;

2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), 2 TXRU;

4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;

dH = dV = 0.5λ;

BS antenna downtilt: [96] degree.
	TR 38.802 Table A.2.1-3

TR 36.873 Table 7.1-1

	BS antenna height
	25m
	TR 38.802 Table A.2.1-3

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss
	TR 38.802 Table A.2.1-3

TR 36.873 Table 7.1-1

	BS receiver noise figure
	5dB
	TR 38.802 Table A.2.1-3

	UE antenna configuration
	1Tx
	TR 38.802 Table A.2.1-3

	UE antenna height
	Follow the modelling of TR 36.873, i.e. multi-floor
	TR 36.873 Table 6-1

	UE antenna gain
	0dBi
	

	Traffic model
	Packet arrival per UE: Poisson arrival with arrival rate λ;

packet size: [40] bytes;

Opt 1: Packet dropping timer: 1s as baseline.

Opt 2: max number of (re-)transmissions: 8 as baseline
	TR 38.802 Table A.2.2-2

	UE distribution
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell
	TR 38.802 Table A.2.1-3

	UE power control
	Companies report
	

	HARQ
	Companies report
	TR 38.802 Table 9.1.2-7

	BS receiver
	MMSE-IRC as the baseline receiver;

Note: Advanced receiver is not precluded.
	TR 38.802 Table A.2.1-3

	Channel estimation
	Realistic
	TR 38.802 Table A.2.1-3


Q: Any comment on the parameters listed in the above table or is there any missing parameter?

	Company
	View

	ZTE


	Since carrier frequency of 700MHz is used for mMTC, 2 Rx is more preferred, 4 Rx can be optional.

For Traffic model, physical packet size can be fixed to 40 bytes. For the definition option 2 for packet drop rate, the number of transmissions (including initial transmission) can be 8 as baseline.

	Huawei


	In the GF based SLS evaluation, Non-full buffer traffic model (e.g., FTP 3) is used for each user with inter packet arrival rate (PAR) and packet size distribution such as Pareto distribution on [X1 bytes, X2 bytes].
Each UE is pre-configured with some GF resources, and upon the data packet arrival, the UE is assumed to transmit the packet with [K] repetitions in a one-shot transmission, where [K] can be determined according to its coverage level or channel condition of a UE. The early stop during the transmissions of [K] repetitions may or may not be applied.

If a packet fails to be successfully received by the destination, a retransmission process could be applied. For the transmission of bursty and short packets, fast link adaptation may not be efficient or possible due to the disconnected channel information, so the retransmissions can keep the same MCS, the same number of repetitions within a one-shot transmission to simplify the evaluation. Also, to meet the latency constraint, it is a valid assumption to serve the old packets in repetition or retransmission with higher priority.

To support variable packet size from a general traffic model, packet segmentation is needed. In this case, a packet can be claimed to be successfully received by the base station only when all the segments of the packet are successfully received by the destination within the target latency.

At least open-loop power control is applied. Closed-loop power control can also be applied wherever possible. As the power control parameters will have big impact on the performance, a reasonable assumption setup for evaluation among different MA schemes including baselines would be inevitable. One way is to keep the transmit power density per RB the same for different MA schemes; the other is to keep the transmitted total power per symbol per UE the same across different MA schemes, both under the constraint of the maximum UE power.

	CATT

	Inter-BS distance: 500m;

BS antenna downtilt: 102 degree

DMRS/MA signature allocation/selection: Companies report

	CMCC


	UE antenna gain: -4dBi, refer to TR 38.802 Table A.2.1-3

	Intel


	BS antenna configuration: 2, 4 tx 
Both FTP Model 3 and periodic packet arrivals with packet size 10, 40, 75 bytes 

	Qualcomm


	The performance metrics and assumptions for system-level simulations can be reused from Release 14 multiple access scheme evaluations, together with the following additions:

· For gNB antenna configuration for 4GHz scenarios, 64 TXRU should be included as an option

· For the UE antenna configuration, 2 TXRU should be included as an option

Traffic model for mMTC: as specified in 45.820

Companies should report the power control parameters assumed and the statistics of the inter-cell interference-over-thermal (IOT) observed at each gNB antenna.

	InterDigital


	For UE antenna configuration: only 1 TX antenna should be considered.

For traffic model: Packet dropping timer: 1s as baseline.

For power control: we suggest using (α, P0) = (1.0, -120 dBm).
For channel estimation: channel estimation error model, consider modeling the effect of colliding DMRS.

For HARQ: 1 as baseline. [As a baseline, we suggest not using any retransmissions. Increasing the number of HARQ retransmissions can only improve detection and retransmissions can be used to enhance the performance once the basic performance of NOMA schemes is understood.]

	Ericsson


	Baseline schemes have comparable receiver complexity to NOMA and allow spatial separability to be exploited. [Schemes supported in Rel-15 that allow non-orthogonal access without UE specific transmit signal processing for PUSCH are the most relevant baselines.]

Evaluations use a traffic model with variably sized packets as well as with random arrival.

Channel estimation is realistic, takes into account interference, and accounts for overhead.

Focus evaluations on where the minimum number of receive antennas is no less than 4 in any scenario, 8 receive antennas should also be evaluated above 700 MHz, 2 receive antennas can be optionally evaluated.

5G channel models are used for all system level evaluations, A fixed virtualization is used to model a classical (non-FDMIMO) antenna. [17 dBi gain per antenna column (8 elements per column), 3 dB cable loss]

The packet drop timer is to be declared and service latency performance is to be presented when presenting the achieved connection density.

Attributes

Values or assumptions

Layout

Single layer - Macro layer: Hex. Grid

Inter-BS distance

1732m (RMa) or 500m (UMa)

Carrier frequency

700MHz

Simulation bandwidth

Companies report simulation bandwidth used in evaluation

Channel model

5G RMa or UMa.

UE Tx power

Max 23dBm

BS antenna configuration

Rx: 4 ports (8 as optional)

2 xpol branches / column; column spacing = 0.5[image: image10.png]



2 columns (4 as optional)

BS element pattern

Follow the modeling of TR38.901

BS antenna height

According to TR38.901

BS antenna gain

17 dBi

BS cable loss

3 dB

BS receiver noise figure

5 dB

UE antenna elements

1Tx

UE antenna height

According to TR38.901

UE antenna gain

-4dBi

UE distribution

According to TR38.901
Baseline Scheme

MU-MIMO

BS receiver

Advanced receiver.  Comparable complexity for NOMA and baseline.

UL power control

Companies report power control scheme

Channel estimation

Realistic

Attributes  

Value or assumptions 

Data packet arrival rate per UE 

Poisson arrival with arrival rate  λ 

Number of UEs per cell

Companies report the number of UEs per cell

Packet size 

Follow TR45.820: 20-200 byte Pareto + {65 or 29} bytes higher layer protocol overhead; 29 is used if ROHC is supported. FFS: whether ROHC is or is not used.

Simulation Bandwidth

Companies report the simulation bandwidth

Target coverage 

99% of users are served at the target connection density

Companies report service latency performance 

Companies report resource utilization

Companies report HARQ/retransmission assumption.

Packet dropping timer

Companies report value used



	DOCOMO


	The performance metrics and assumptions for system-level evaluations of NOMA in Rel-14 can be the starting point.

	Vodafone


	For 700MHz carrier frequency: 1 UE Tx and 2 BS Rx antennas.

NoMA performance gains should be evaluated as a function of packet size variation.

Companies should focus on a uniform spatial distribution of UE drops within a cell when running system-level simulations.


3.2. URLLC
Table 2 System-level simulation assumptions for NOMA evaluations in URLLC scenario

	Parameters
	Assumptions
	References

	Layout
	Single layer - Macro layer: Hex. Grid
	TR 38.802 Table A.2.4-1

	Inter-BS distance
	500m
	TR 38.802 Table A.2.4-1

	Carrier frequency
	4GHz
	TR 38.802 Table A.2.4-1

	Simulation bandwidth
	12 PRBs
	Link level assumption

	Number of UEs per cell
	Companies report
	

	Channel model
	3D UMa
	TR 38.802 Table A.2.4-1

	UE Tx power
	23 dBm
	TR 38.802 Table A.2.4-1

	BS antenna configurations
	Rx: 4 or 8 ports;

4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;

8 ports: (M, N, P, Mg, Ng) = (10, 4, 2, 1, 1), 8 TXRU;

dH = 0.5λ, dV = 0.8λ;

BS antenna downtilt: [96] degree
	TR 38.802 Table A.2.1-4

TR 36.873 Table 7.1-1

	BS antenna height
	25m
	TR 38.802 Table A.2.4-1

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss
	TR 36.873 Table 7.1-1

	BS receiver noise figure
	5dB
	TR 38.802 Table A.2.4-1

	UE antenna configuration
	1Tx
	TR 38.802 Table A.2.1-3

	UE antenna height
	Follow the modelling of TR 36.873, i.e. multi-floor
	TR 36.873 Table 6-1

	UE antenna gain
	0dBi
	

	Traffic model
	FTP Model 3 with Poisson arrival, packet size is [32] bytes.
	TR 38.802 Table A.2.4-1

	UE distribution
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell
	TR 38.802 Table A.2.1-3

	UE power control
	Companies report
	

	HARQ/Repetition
	Companies report
	TR 38.802 Table 9.1.2-7

	BS receiver
	MMSE-IRC as the baseline receiver;

Note: Advanced receiver is not precluded.
	TR 38.802 Table A.2.4-1

TR 38.802 Table A.2.1-3

	Channel estimation
	Realistic
	TR 38.802 Table A.2.4-1


Q: Any comment on the parameters listed in the above table or is there any missing parameter?

	Company
	View

	ZTE


	Agree.

	CATT

	BS antenna downtilt: 102 degree

DMRS/MA signature allocation/selection: Companies report

	CMCC


	BS antenna configurations: Rx: 4 or 16 ports;

4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;

16 ports: (M, N, P, Mg, Ng) = (10, 8, 2, 1, 1), 16 TXRU;

	Intel
	Both FTP Model 3 and periodic packet arrivals 

with packet size 10, 40, 75 bytes.

	Qualcomm


	The performance metrics and assumptions for system-level simulations can be reused from Release 14 multiple access scheme evaluations, together with the following additions:

· For gNB antenna configuration for 4GHz scenarios, 64 TXRU should be included as an option

· For the UE antenna configuration, 2 TXRU should be included as an option

Traffic model for URLLC: FTP model 3, small packet size (e.g. 32 bytes)

Companies should report the power control parameters assumed and the statistics of the inter-cell interference-over-thermal (IOT) observed at each gNB antenna.

	DOCOMO


	The performance metrics and assumptions for system-level evaluations of NOMA in Rel-14 can be the starting point.

	InterDigital


	For UE antenna configuration: only 1 TX antenna should be considered.

For power control: we suggest using (α, P0) = (1.0, -120 dBm).
For channel estimation: channel estimation error model, consider modeling the effect of colliding DMRS.

For HARQ/Repetition: 1 as baseline. [As a baseline, we suggest not using any retransmissions. Increasing the number of HARQ retransmissions can only improve detection and retransmissions can be used to enhance the performance once the basic performance of NOMA schemes is understood.]

	Ericsson


	NOMA simulation assumptions for URLLC should be aligned with the URLLC study

	Vodafone


	For 4GHz carrier frequency: 1 UE Tx and 16 BS Rx antennas.

NoMA performance gains should be evaluated as a function of packet size variation.

Companies should focus on a uniform spatial distribution of UE drops within a cell when running system-level simulations.


3.3. eMBB
Table 3 System-level simulation assumptions for NOMA evaluations in eMBB scenario

	Parameters
	Assumptions
	References

	Layout
	Single layer - Macro layer: Hex. Grid
	TR 38.802 Table A.2.2-1

	Inter-BS distance
	200m
	TR 38.802 Table A.2.2-1

	Carrier frequency
	4GHz
	TR 38.802 Table A.2.2-1

	Simulation bandwidth
	12 PRBs
	Link level assumption

	Number of UEs per cell
	Companies report
	

	Channel model
	3D UMa
	TR 38.802 Table A.2.1-1

	UE Tx power
	23 dBm
	TR 38.802 Table A.2.1-1

	BS antenna configurations
	Rx: 4 or 8 ports;

4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;

8 ports: (M, N, P, Mg, Ng) = (10, 4, 2, 1, 1), 8 TXRU;

dH = 0.5λ, dV = 0.8λ;

BS antenna downtilt: [96] degree
	TR 38.802 Table A.2.2-1

TR 36.873 Table 7.1-1

	BS antenna height
	25m
	TR 38.802 Table A.2.1-1

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss
	TR 36.873 Table 7.1-1

	BS receiver noise figure
	5dB
	TR 38.802 Table A.2.1-1

	UE antenna configuration
	1Tx
	TR 38.802 Table A.2.2-1

	UE antenna height
	Follow the modelling of TR 36.873, i.e. multi-floor
	TR 36.873 Table 6-1

	UE antenna gain
	0dBi
	

	Traffic model
	FTP Model 3 with Poisson arrival, packet size is [100] bytes.

Opt 1: Packet dropping timer: 1s as baseline.

Opt 2: max number of (re-)transmissions: 8 as baseline
	TR 36.881 Table A1.7-2

	UE distribution
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell
	TR 38.802 Table A.2.1-3

	UE power control
	Companies report
	

	HARQ
	Companies report
	TR 38.802 Table 9.1.2-7

	BS receiver
	MMSE-IRC as the baseline receiver;

Note: Advanced receiver is not precluded.
	TR 38.802 Table A.2.1-3

	Channel estimation
	Realistic
	TR 38.802 Table A.2.1-3


Q: Any comment on the parameters listed in the above table or is there any missing parameter?

	Company
	View

	ZTE


	For the definition option 2 for packet drop rate, the number of transmissions (including initial transmission) can be 8 as baseline.

	CATT

	Inter-BS distance: 500m;

BS antenna downtilt: 102 degree

DMRS/MA signature allocation/selection: Companies report

	CMCC


	BS antenna configurations: Rx: 4 or 16 ports;

4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;

16 ports: (M, N, P, Mg, Ng) = (10, 8, 2, 1, 1), 16 TXRU;

	Intel


	Both FTP Model 3 and periodic packet arrivals 

with packet size 20, 80, 150 bytes. 

TCP is modeled (optional)

	Qualcomm


	The performance metrics and assumptions for system-level simulations can be reused from Release 14 multiple access scheme evaluations, together with the following additions:

· For gNB antenna configuration for 4GHz scenarios, 64 TXRU should be included as an option

· For the UE antenna configuration, 2 TXRU should be included as an option

Traffic model for eMBB: FTP model 3, small packet size

Companies should report the power control parameters assumed and the statistics of the inter-cell interference-over-thermal (IOT) observed at each gNB antenna.

	InterDigital


	For UE antenna configuration: only 1 TX antenna should be considered.

For power control: we suggest using (α, P0) = (1.0, -120 dBm).
For channel estimation: channel estimation error model, consider modeling the effect of colliding DMRS.

For HARQ/Repetition: 1 as baseline. [As a baseline, we suggest not using any retransmissions. Increasing the number of HARQ retransmissions can only improve detection and retransmissions can be used to enhance the performance once the basic performance of NOMA schemes is understood.]

	Ericsson


	Baseline schemes have comparable receiver complexity to NOMA and allow spatial separability to be exploited. [Schemes supported in Rel-15 that allow non-orthogonal access without UE specific transmit signal processing for PUSCH are the most relevant baselines.]

Evaluations use a traffic model with variably sized packets as well as with random arrival.

Channel estimation is realistic, takes into account interference, and accounts for overhead.

Focus evaluations on where the minimum number of receive antennas is no less than 4 in any scenario, 8 receive antennas should also be evaluated above 700 MHz, 2 receive antennas can be optionally evaluated.

5G channel models are used for all system level evaluations, A fixed virtualization is used to model a classical (non-FDMIMO) antenna. [17 dBi gain per antenna column (8 elements per column), 3 dB cable loss]

Attributes 

dense urban (macro only)

rural

Layout

Single frequency layer: Hex. Grid

Single layer:   Hex. Grid

Inter-BS distance 

Macro layer: 500m (UMa) or 200m (UMi)

1732m 

Carrier frequency 

4GHz for the single layer

700MHz

Simulation bandwidth

20MHz Note: For FDD, simulation BW is split equally between UL and DL

Channel model

5G UMa and 5G UMi

5G RMa

UE Tx power 

23dBm

BS antenna configurations

4, 8, [16] Rx

2, 4, [8] columns

4 Rx (8 optional)

2 columns (4 columns optional)

2 xpol branches / column; column spacing = 0.5[image: image11.png]



BS antenna height 

According to TR38.901

BS antenna gain 

17 dBi

BS Cable Loss

3 dB

BS receiver noise figure

5 dB

UE antenna configuration

1 TX

UE antenna height

According to TR38.901

UE antenna gain

Follow the modeling of TR38.901

UE receiver noise figure

9dB

Traffic model

FTP model 1, 100kB or 500 kB packet size

NOTE: Full buffer may be provided for simulation calibration purposes, but is not used for technical scheme down selection.

Traffic load (Resource utilization)

For baseline scheme: 50%, 75% and 25% (optional)

Companies report service latency performance

UE distribution

According to 38.901
In the case of full buffer simulations for calibration only, 10 users per TRP is the baseline. 20 users or other value is not precluded. 

According to 38.901

10 users per TRP for full buffer traffic used for calibration purposes only, other values not precluded



	DOCOMO


	The performance metrics and assumptions for system-level evaluations of NOMA in Rel-14 can be the starting point.

	Vodafone


	For 4GHz carrier frequency: 1 UE Tx and 16 BS Rx antennas.

NoMA performance gains should be evaluated as a function of packet size variation.

Companies should focus on a uniform spatial distribution of UE drops within a cell when running system-level simulations.


4. Others
	Company
	View

	Huawei


	The SLS platform is far more complicated than the LLS platform. In order to analyze the final results generated and presented by different companies, some intermediate results for calibration are useful and insightful, which may include but not limited to

· Single UE AWGN reference curve under the configured MCS

· CDF of the Effective SNR before and after applying physical layer abstraction for the receiver

· CDF of the inter-cell interference over the thermal noise. This is to see whether the system is working in a healthy multi-cell status as a whole.

· PDF of the number of UEs multiplexed for each TTI. Note that this statistics can be interpreted as an indication of resource utilization (RU) under NoMA transmissions with all kinds of resource spreading schemes, where the traditional RU statistics for orthogonal transmission may not work directly.



	CATT

	For the link-to-system mapping model of NOMA, a novel physical abstraction method should be considered for NOMA. Here we suggest a GO (GIC(Genie-aided Interference Cancellation)-only) method [1]. The proposed GO method only utilizes the GIC receiver as an upper bound with a fitting parameter and does not use the MMSE receiver as the lower bound, which avoids the large SINR fluctuations of the MMSE receiver when the number of resource is smaller than the number of users.


5. Summary
Proposal: 

Focus on grant-free for each scenario (mMTC, URLLC, eMBB small packet).

5.1. mMTC
Proposals: 

Mainly focus on normal coverage.

The baseline for performance comparison is contention-based PUSCH transmission.

· FFS considering DMRS collision.

· FFS using MMSE-IRC receiver.

The performance metrics for mMTC include the following:

· Higher layer packet drop rate (PDR) vs. higher layer packet arrival rate (PAR). The definition of PDR is FFS:

· Option 1: Packet drop rate is defined as (the number of packets in outage) / (the number of packets generated), where a packet is in outage if this packet failed to be successfully received by the receiver beyond “packet dropping timer”, and the packet dropping timer is defined as [x]s. (Note: The value of “x” can be discussed in the evaluation assumptions.)

· Option 2: Packet drop rate is defined as (the number of packets dropped) / (the number of packets generated), where a packet is dropped if this packet failed to be successfully received by the receiver beyond “max number of (re-)transmissions”, and the max number of (re-)transmissions is defined as [y]. (Note: The value of “y” can be discussed in the evaluation assumptions.)

· CDF of packet drop rate per UE is optional.
· CDF of transmission latency is optional.
· The curve of resource utilization (RU) vs. PAR for baseline is optional, where the RU is defined as “RU = Number of RB per cell used by traffic during observation time / Total number of RB per cell available for traffic over observation time”, where one RB allocated to one or more users within a cell is counted as used only one time.

· CDF of the inter-cell interference-over-thermal (IOT) is optional.
· The traffic model below is used for NOMA evaluations in mMTC scenario:

· Packet arrival per UE: Poisson arrival with arrival rate λ;
· Packet size is FFS:

· Option 1: Fixed [40] bytes;

· Option 2: Multiple fixed packet size, e.g. [10, 40, 75] bytes, for simulation separately;

· Option 3: Follow TR45.820: 20-200 byte Pareto + higher layer protocol overhead; the higher layer protocol overhead is FFS.

· Option 4: [40, 60, 80, 100] bytes with percentage of [40, 40, 15, 5]% respectively, random generated for UEs.

To adopt the simulation assumptions in Table 1 for NOMA evaluations in mMTC scenario.

Table 1 Simulation assumptions for NOMA evaluations in mMTC scenario

	Parameters
	Assumptions

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m

	Carrier frequency
	700MHz

	Simulation bandwidth
	Up to 6 PRBs

	Number of UEs per cell
	Companies report

	Channel model
	3D UMa

	UE Tx power
	23 dBm

	BS antenna configurations
	Rx: 2 or 4 ports;

2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), 2 TXRU;

4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;

dH = dV = 0.5λ;

BS antenna downtilt: [96] degree.

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	1Tx

	UE antenna height
	Follow the modelling of TR 36.873, i.e. multi-floor

	UE antenna gain
	0dBi

	Traffic model
	Packet arrival per UE: Poisson arrival with arrival rate λ;

Packet size is FFS;

The definition of packet drop rate is FFS.

[Opt 1: Packet dropping timer: 1s as baseline.]
[Opt 2: max number of (re-)transmissions: 8 as baseline]

	UE distribution
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell

	UE power control
	Companies report

	DMRS/MA signature allocation/selection
	Companies report

	HARQ
	Companies report

	BS receiver
	FFS

[MMSE-IRC as the baseline receiver. Note: Advanced receiver is not precluded.]

	Channel estimation
	Realistic


5.2. URLLC
Proposals: 

The baseline for performance comparison is UL transmission with configured grant type 1.

· DMRS is pre-configured, i.e. collision free.

· FFS using MMSE-IRC receiver.

The performance metrics for URLLC include the following:

· Percentage of users satisfying reliability and latency requirements vs. packet arrival rate (PAR).

· FFS average BLER of all packets transmitted by a UE during the simulation time is set as the reliability of the UE.

· CDF of reliability per UE is optional.
· The curve of resource utilization (RU) vs. PAR for baseline is optional, where the RU is defined as “RU = Number of RB per cell used by traffic during observation time / Total number of RB per cell available for traffic over observation time”, where one RB allocated to one or more users within a cell is counted as used only one time.

· CDF of the inter-cell interference-over-thermal (IOT) is optional.
The traffic model below is used for NOMA evaluations in URLLC scenario:

· FTP Model 3 with Poisson arrival;
· Packet size is FFS:

· Option 1: Fixed [32] bytes;

· Option 2: Multiple fixed packet size, e.g. [10, 40, 75] bytes, for simulation separately;

To adopt the simulation assumptions in Table 2 for NOMA evaluations in URLLC scenario.

Table 2 Simulation assumptions for NOMA evaluations in URLLC scenario

	Parameters
	Assumptions

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4GHz

	Simulation bandwidth
	12 PRBs

	Number of UEs per cell
	Companies report

	Channel model
	3D UMa

	UE Tx power
	23 dBm

	BS antenna configurations
	Rx: 4 or 8 ports;

4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;

8 ports: (M, N, P, Mg, Ng) = (10, 4, 2, 1, 1), 8 TXRU;

dH = 0.5λ, dV = 0.8λ;

BS antenna downtilt: [96] degree

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	1Tx

	UE antenna height
	Follow the modelling of TR 36.873, i.e. multi-floor

	UE antenna gain
	0dBi

	Traffic model
	FTP Model 3 with Poisson arrival; 
FFS packet size is [32] bytes.

	UE distribution
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell

	UE power control
	Companies report

	DMRS/MA signature allocation/selection
	Pre-configured

	HARQ/Repetition
	Companies report

	BS receiver
	FFS

[MMSE-IRC as the baseline receiver. Note: Advanced receiver is not precluded.]

	Channel estimation
	Realistic


5.3. eMBB
Proposals: 

The baseline for performance comparison is contention-based PUSCH transmission.

· FFS considering DMRS collision.

· FFS using MMSE-IRC receiver.

The performance metrics for eMBB include the following:

· Higher layer packet drop rate (PDR) vs. higher layer packet arrival rate (PAR). The definition of PDR is FFS:

· Option 1: Packet drop rate is defined as (the number of packets in outage) / (the number of packets generated), where a packet is in outage if this packet failed to be successfully received by the receiver beyond “packet dropping timer”, and the packet dropping timer is defined as [x]s. (Note: The value of “x” can be discussed in the evaluation assumptions.)

· Option 2: Packet drop rate is defined as (the number of packets dropped) / (the number of packets generated), where a packet is dropped if this packet failed to be successfully received by the receiver beyond “max number of (re-)transmissions”, and the max number of (re-)transmissions is defined as [y]. (Note: The value of “y” can be discussed in the evaluation assumptions.)

· CDF of packet drop rate per UE is optional.
· CDF of user perceived throughput (UPT) is optional.

· Or average / 50% / 5% UPT vs PAR is optional.

· CDF of transmission latency is optional.
· The curve of resource utilization (RU) vs. PAR for baseline is optional, where the RU is defined as “RU = Number of RB per cell used by traffic during observation time / Total number of RB per cell available for traffic over observation time”, where one RB allocated to one or more users within a cell is counted as used only one time.

· CDF of the inter-cell interference-over-thermal (IOT) is optional.
· CDF of number of UEs per TTI is optional.
· Or average number of UEs per TTI vs PAR is optional.
The traffic model below is used for NOMA evaluations in URLLC scenario:

· FTP Model 3 with Poisson arrival;
· Packet size is FFS:

· Option 1: Fixed [100] bytes;

· Option 2: Multiple fixed packet size, e.g. [20, 80, 150] bytes, for simulation separately;

To adopt the simulation assumptions in Table 3 for NOMA evaluations in eMBB scenario.

Table 3 Simulation assumptions for NOMA evaluations in eMBB scenario
	Parameters
	Assumptions

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	200m

	Carrier frequency
	4GHz

	Simulation bandwidth
	12 PRBs

	Number of UEs per cell
	Companies report

	Channel model
	3D UMa

	UE Tx power
	23 dBm

	BS antenna configurations
	Rx: 4 or 8 ports;

4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;

8 ports: (M, N, P, Mg, Ng) = (10, 4, 2, 1, 1), 8 TXRU;

dH = 0.5λ, dV = 0.8λ;

BS antenna downtilt: [96] degree

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	1Tx

	UE antenna height
	Follow the modelling of TR 36.873, i.e. multi-floor

	UE antenna gain
	0dBi

	Traffic model
	FTP Model 3 with Poisson arrival;

FFS packet size is [100] bytes.

The definition of packet drop rate is FFS.

[Opt 1: Packet dropping timer: 1s as baseline.]
[Opt 2: max number of (re-)transmissions: 8 as baseline]

	UE distribution
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell

	UE power control
	Companies report

	DMRS/MA signature allocation/selection
	Companies report

	HARQ
	Companies report

	BS receiver
	FFS

[MMSE-IRC as the baseline receiver. Note: Advanced receiver is not precluded.]

	Channel estimation
	Realistic
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