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1. Introduction
In RAN1 #92bis meeting, quite a lot of agreements on performance metrics, traffic model and simulation parameters for system-level evaluations for NOMA study were achieved [1].

In this contribution, remaining evaluation methodology and assumptions for NOMA are further discussed.

2. Performance metrics

In RAN1 #92bis meeting, the following performance metrics for NOMA study from system level point of view were adopted.

Agreements:

· Adopt the following performance metrics for NOMA study from system level point of view.

For mMTC

· Focus on normal coverage.

· The performance metrics for mMTC include the following:

· Higher layer packet drop rate (PDR) vs. offered load. The definition of PDR is FFS:

· Offered load can be at least 

· Higher layer packet arrival rate (PAR) per cell for massive connectivity.
· CDF of packet drop rate per UE is optional.

· CDF of transmission latency is optional.

· CDF of the inter-cell interference-over-thermal (IOT) is optional.

· Note: companies are encouraged to provide the curve of resource utilization (RU) vs. offered load.

For URLLC

· The baseline for performance comparison is UL transmission without dynamic link adaptation (i.e., using configured grant type 1 or type 2).
· The performance metrics for URLLC include at least the following:

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

· CDF of reliability per UE is optional.

· CDF of the inter-cell interference-over-thermal (IOT) is optional.

· Note: companies are encouraged to provide the curve of resource utilization (RU) vs. PAR.

For eMBB

· The performance metrics for eMBB include the following:

· Metric 1: Higher layer packet drop rate (PDR) vs. offered load. The definition of PDR is FFS:

· Offered load can be at least 

· Higher layer packet arrival rate (PAR) per cell.
· CDF of packet drop rate per UE is optional.

· CDF of transmission latency is optional.

· CDF of the inter-cell interference-over-thermal (IOT) is optional.

· Note: companies are encouraged to provide the curve of resource utilization (RU) vs. offered load.

· Metric 2: UPT vs. offered load.

· CDF of the inter-cell interference-over-thermal (IOT) is optional.

· CDF of UE perceived throughput is optional.
· FFS whether or not to have signalling overhead as one performance metric.
From these agreements, we can see that the baseline for performance comparison for mMTC and eMBB are absent, and some details for the performance metrics are still FFS, which will be discussed below.

· mMTC

Considering the key performance requirement of this scenario is massive connectivity, and the sporadic arrival characteristic of the traffic, it is very hard to implement semi-static configuration on multiple access signatures (e.g. spreading codes, DMRS, etc) to avoid collision, so pre-configuration based grant-free transmission as in URLLC is not suitable for mMTC. “True” grant-free transmission operated from the idle/inactive mode can be considered, where dynamic grant and semi-static grant in existing grant-free operation are not needed, and collision on multiple access signatures (including DMRS) may happen. The considerations on procedures for “true” grant-free are discussed in detail in our companion contribution [2]. For fair performance comparison, the baseline can be operated in the same way without NOMA specific processing.

Since the packet size is 20~200 bytes with Pareto distribution and the higher layer protocol overhead is [29] bytes as defined in TR 45.820, which are modelled from application layer point of view, so to ensure the completeness of the system, the transmission procedures in PDCP, RLC, MAC and physical layer which are all below the higher layer need to be considered. That is to say RLC ARQ retransmissoin can be modelled with a packet dropping timer. Therefore, the packet drop rate (PDR) can be 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 decoded by the receiver beyond “packet dropping timer”, and the packet dropping timer is defined as [x]s. The value of “x” can be set to e.g. 1 considering the packet size is not large and normal coverage is focused currently.
· eMBB

For eMBB small packet transmission, grant-free NOMA and grant-based NOMA can be evaluated. For the former, “true” grant-free transmission discussed above can be considered to save the signalling overhead, so for fair performance comparison, the baseline can be operated in the same way without NOMA specific processing. For the latter, MU-MIMO can be considered as the baseline for performance comparison.

As for the definition of PDR for grant-free NOMA evaluation, the same definition discussed above for mMTC can be reused considering the similarity in the solution and the traffic model discussed in section 3.

Signalling overhead reduction can be achieved by NOMA or grant-free for eMBB small packet transmission, however, the benefit would be different for different solutions. Considering the exact analysis for signalling overhead would be very complex, and may be beyond the RAN1 scope, some qualitative analyses can be conducted in RAN1 to identify the benefits of grant-free transmission.

Proposal 1: For mMTC, the baseline for performance comparison can be UL transmission without grant (including dynamic grant and semi-static grant in existing grant-free operation), where DMRS collision should be considered.
Proposal 2: For mMTC and eMBB performance metric 1, the packet drop rate (PDR) can be 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 decoded by the receiver beyond “packet dropping timer”, and the packet dropping timer is defined as [x]s. The value of “x” can be set to e.g. 1 considering the packet size is not large and normal coverage is focused currently.
Proposal 3: For eMBB, the baseline for performance comparison for grant-free NOMA can be UL transmission without grant (including dynamic grant and semi-static grant in existing grant-free operation), where DMRS collision should be considered; the baseline for performance comparison for grant-based NOMA can be MU-MIMO.
3. Traffic models

In RAN1 #92bis meeting, the agreement on traffic model for mMTC scenario was reached, whereas no consensuses were reached on traffic models for URLLC scenario and eMBB scenario, as shown below.

Agreements:

· The traffic model below is used for NOMA evaluations in mMTC scenario:

· Packet arrival per UE: Poisson arrival with arrival rate λ;

· Packet size: 20~200 bytes Pareto + higher layer protocol overhead of [29] bytes, as defined in TR 45.820 to be the starting point

· Other packet sizes are not precluded.

· The traffic model for NOMA evaluations in URLLC scenario is to be decided in May meeting.

· The traffic model for NOMA evaluations in eMBB scenario is to be decided in May meeting.

In the following, the traffic models for different scenarios will be discussed.

· mMTC

For evaluation purpose, higher layer protocol overhead can be confirmed to 29 bytes, which corresponds to the case with IP header compression as defined in TR 45.820.

In addition, the protocol overhead below higher layer may also need to be clarified for alignment, for example, the header overhead for PDCP, RLC, MAC and the CRC overhead can be 1 byte, 1 byte, 1 byte and 2 bytes respectively. And MAC segmentation can be implemented and reported by companies.

· URLLC

According to [3], for critical communications in typical traffic scenarios, e.g. industrial factory/processing automation or control, the transaction payloads are expected to be small, e.g., <50 bytes or 50-100 bytes. So for NOMA evaluations in URLLC scenario, the packet size can be set to 50 bytes, which is also one of the options in “Table A.2.4-1: Simulation assumptions for URLLC” in TR 38.802.
As for the packet arrival of the traffic model, FTP model 3 with Poisson arrival can be used, which is more general for evaluation.
· eMBB

Enhancements for diverse data applications have been studied in “LTE_eDDA” [4], where some traffic scenarios have been investigated by companies, e.g. background traffic and instant messaging (IM), which have the top priority, and some traffic traces on IP packet sizes (including IP headers) are provided as shown in Figure 4.2.1-6 and Figure 4.2.1-12 for light background traffic and heavier background traffic respectively, and Figure 4.2.2-6 for IM traffic. These figures are also shown in the Appendix of this contribution for convenience. Here we focus on the packet sizes of traffic in uplink.
From these distributions of packet sizes for different traffic scenarios, we can observed that they are basically coincide with Pareto distributions with different parameters, and the minimum value of packet sizes is about 40 bytes. Figure 1 shows the Pareto distributions with scale parameter (or minimum value) xm = 40 and different shape parameters alpha. From Figure 1 and these figures in the Appendix, we can further observed that Pareto distribution with alpha = 2 is basically in alignment with the packet size distribution for light background traffic, and Pareto distribution with alpha = 1.5 is basically in alignment with the packet size distributions for heavier background traffic and IM traffic. And the mean packet size for these two cases are about 80 bytes and 120 bytes respectively.
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Figure 1 Pareto distributions with scale parameter xm = 40 and different shape parameters alpha
Therefore, for eMBB small packet, the packet size can be also modelled by Pareto distribution, like that in mMTC, but with different parameters, including minimum value, shape parameter, and maximum value. In specific, the following two options can be considered for the packet size of the traffic model for eMBB:

· Option 1: the packet size distribution is a Pareto distribution with shape parameter alpha = 2 and minimum packet size = 40 bytes, and with a cut off of 600 bytes i.e. packet sizes higher than 600 bytes are assumed to be 600 bytes. It should be noted that the packet size generated already includes the higher layer protocol overhead, since the packet size in [4] is the IP packet size including IP header.
· Option 2: the packet size distribution is a Pareto distribution with shape parameter alpha = 1.5 and minimum packet size = 40 bytes, and with a cut off of 600 bytes i.e. packet sizes higher than 600 bytes are assumed to be 600 bytes. As discussed above, the packet size generated already includes the higher layer protocol overhead.
As for the packet arrival of the traffic model, FTP model 3 with Poisson arrival can be used, which is more general for evaluation.
Proposal 4: For mMTC, higher layer protocol overhead can be confirmed to 29 bytes for evaluation purpose, and the protocol overhead below higher layer need to be clarified for alignment.
Proposal 5: For URLLC, FTP model 3 with Poisson arrival can be used, and the packet size can be set to 50 bytes.
Proposal 6: For eMBB, FTP model 3 with Poisson arrival can be used, and the following two options can be considered for the packet size of the traffic model:
· Option 1: the packet size distribution is a Pareto distribution with shape parameter alpha = 2 and minimum packet size = 40 bytes, and with a cut off of 600 bytes i.e. packet sizes higher than 600 bytes are assumed to be 600 bytes. The packet size generated already includes the higher layer protocol overhead.
· Option 2: the packet size distribution is a Pareto distribution with shape parameter alpha = 1.5 and minimum packet size = 40 bytes, and with a cut off of 600 bytes i.e. packet sizes higher than 600 bytes are assumed to be 600 bytes. The packet size generated already includes the higher layer protocol overhead.
4. Evaluation assumptions

In RAN1 #92bis meeting, the parameters in the following table I for system-level evaluations for NOMA study were adopted, where some parameters are still not decided, especially for mMTC and URLLC.

Agreements:

· Adopt the parameters in the following table for system-level evaluations of NOMA study

Table I: System-level evaluation assumptions

	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Layout
	Single layer - Macro layer: Hex. Grid
	

	Inter-BS distance
	[1732]m 
	[500m]
	200m
	

	Carrier frequency
	700MHz
	[4GHz. 700MHz]
	4GHz
	

	Simulation bandwidth
	[6] PRBs
	12 PRBs
	12 PRBs
	

	Number of UEs per cell
	Companies report
	

	Channel model
	UMa in TR 38.901
	

	UE Tx power
	Max 23 dBm
	

	BS antenna configurations
	2 Rx or 4 Rx for 700MHz;

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: companies to report, FFS a single value

4 Rx or 16 Rx for 4GHz;

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;

dH = 0.5λ, dV = 0.8λ;

BS antenna downtilt: companies to report, FFS a single value
	

	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 as starting point
	

	UE antenna height
	Follow the modelling of TR 38.901
	

	UE antenna gain
	0dBi as starting point
	

	UE distribution
	For mMTC:

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

Companies are encouraged to check whether the percentage of UEs whose CL > 144 dB is significant (e.g., 5%) and the CDF of the CL. Further discuss the percentage of outdoor UEs, to be finalized in May meeting.

For URLLC:
[20%] of users are outdoors (3km/h), [80%] of users are indoor (3km/h); Users dropped uniformly in entire cell

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

	UE power control
	Open loop PC for mMTC. Companies report the PC mechanisms used for eMBB and URLLC.
	

	HARQ/repetition
	Companies report (including HARQ mechanisms).
	

	Channel estimation
	Realistic
	

	BS receiver
	Advanced receiver, with baseline scheme is MU-MIMO (e.g., has the capability of spatial differentiation)

Companies to provide analysis of complexity between baseline vs. advanced receivers
	

	Packet dropping criterion
	
	
	
	


Note: other values can be considered.

In the following, remaining parameters for mMTC and URLLC will be further discussed.

· mMTC

For mMTC, simulation bandwidth with 6 PRBs can be the starting point, the packet dropping criterion is already discussed above in the section 2 for performance metrics.

As for inter-BS distance and UE distributions, the coupling loss can be verified by simulation with UMa channel model in TR 38.901, where it is mentioned that for backwards compatibility with TR 36.873, the following building penetration model should be used for UMa and UMi single-frequency simulations at frequencies below 6 GHz.

Table 7.4.3-3 [5]: O2I building penetration loss model for single-frequency simulations <6 GHz

	Parameter
	Value

	
[image: image2.wmf]tw

PL


	20 dB

	
[image: image3.wmf]in

PL


	0.5 
[image: image4.wmf]in

2D

-

d


with 
[image: image5.wmf]in

2D

-

d

 being a single, link-specific, uniformly distributed variable between 0 and 25 m

	
[image: image6.wmf]P

s


	0 dB

	
[image: image7.wmf]SF

s


	7 dB (note: replacing the respective value in Table 7.4.1-1)


Figure 2 shows the coupling loss distribution with UMa channel model in TR 38.901 and the building penetration model in above table, where the inter-BS distance is 1732m, the percentage of outdoor UEs and indoor UEs are 20% and 80% respectively, 50 UEs per cell is assumed. From the result, we can observed that the percentage of UEs whose CL > 144 dB is already quite small for 20% of outdoor UEs + 80% of indoor UEs. Hence, there is no need to adjust the percentage of outdoor and indoor UEs to further reduce the coupling loss. Inter-BS distance = 500m is not suggested due to that too good coupling loss distribution would be generated that may be unrealistic.
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Figure 2 Coupling loss distribution for mMTC
· URLLC

For URLLC, coupling loss under the following cases are simulated with UMa channel model in TR 38.901 and the building penetration model in above table, where the inter-BS distance is 500m, 50 UEs per cell is assumed.

· Case A: Carrier frequency is 4GHz, inter-BS distance = 500m, 20% of outdoor UEs + 80% of indoor UEs;

· Case B: Carrier frequency is 4GHz, inter-BS distance = 500m, 50% of outdoor UEs + 50% of indoor UEs;

· Case C: Carrier frequency is 4GHz, inter-BS distance = 500m, 80% of outdoor UEs + 20% of indoor UEs;

· Case D: Carrier frequency is 4GHz, inter-BS distance = 500m, 100% of outdoor UEs;

· Case E: Carrier frequency is 700MHz, inter-BS distance = 500m, 20% of outdoor UEs + 80% of indoor UEs.

Figure 3 shows the coupling loss distribution for different cases, where the coupling loss for Case A and Case B may not be favorable for URLLC deployment. So for NOMA evaluation in URLLC, Case C, Case D and Case E can be considered.
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Figure 3 Coupling loss distribution for different cases potentially for URLLC
Proposal 7: For mMTC, simulation bandwidth with 6 PRBs can be the starting point, inter-BS distance should be 1732m, and there is no need to adjust the percentage of outdoor and indoor UEs to further reduce the coupling loss.
Proposal 8: For URLLC, the following three cases can be considered:

· Case C: Carrier frequency is 4GHz, inter-BS distance = 500m, 80% of outdoor UEs + 20% of indoor UEs;

· Case D: Carrier frequency is 4GHz, inter-BS distance = 500m, 100% of outdoor UEs;

· Case E: Carrier frequency is 700MHz, inter-BS distance = 500m, 20% of outdoor UEs + 80% of indoor UEs.

Proposal 9: To adopt the parameters in the following table II for system-level evaluations for NOMA study.

Table II: System-level evaluation assumptions

	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Inter-BS distance
	1732m 
	500m
	200m
	

	Carrier frequency
	700MHz
	4GHz or 700MHz
	4GHz
	

	Simulation bandwidth
	6 PRBs as starting point
	12 PRBs
	12 PRBs
	

	Channel model
	UMa in TR 38.901;
The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for frequencies below 6 GHz.
	

	UE distribution
	For mMTC:

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

For URLLC:
4GHz: 80% of users are outdoors (3km/h), 20% of users are indoor (3km/h); or 100% of users are outdoor (3km/h);
700MHz: 20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); 

Users dropped uniformly in entire cell

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


5. Conclusions

In this contribution, remaining evaluation methodology and assumptions for NOMA are further discussed.

Based on this contribution, we make the following proposals:

Proposal 1: For mMTC, the baseline for performance comparison can be UL transmission without grant (including dynamic grant and semi-static grant in existing grant-free operation), where DMRS collision should be considered.
Proposal 2: For mMTC and eMBB performance metric 1, the packet drop rate (PDR) can be 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 decoded by the receiver beyond “packet dropping timer”, and the packet dropping timer is defined as [x]s. The value of “x” can be set to e.g. 1 considering the packet size is not large and normal coverage is focused currently.
Proposal 3: For eMBB, the baseline for performance comparison for grant-free NOMA can be UL transmission without grant (including dynamic grant and semi-static grant in existing grant-free operation), where DMRS collision should be considered; the baseline for performance comparison for grant-based NOMA can be MU-MIMO.
Proposal 4: For mMTC, higher layer protocol overhead can be set to 29 bytes for evaluation purpose, and the protocol overhead below higher layer need to be clarified for alignment.
Proposal 5: For URLLC, FTP model 3 with Poisson arrival can be used, and the packet size can be set to 50 bytes.
Proposal 6: For eMBB, FTP model 3 with Poisson arrival can be used, and the following two options can be considered for the packet size of the traffic model:
· Option 1: the packet size distribution is a Pareto distribution with shape parameter alpha = 2 and minimum packet size = 40 bytes, and with a cut off of 600 bytes i.e. packet sizes higher than 600 bytes are assumed to be 600 bytes. The packet size generated already includes the higher layer protocol overhead.
· Option 2: the packet size distribution is a Pareto distribution with shape parameter alpha = 1.5 and minimum packet size = 40 bytes, and with a cut off of 600 bytes i.e. packet sizes higher than 600 bytes are assumed to be 600 bytes. The packet size generated already includes the higher layer protocol overhead.
Proposal 7: For mMTC, simulation bandwidth with 6 PRBs can be the starting point, inter-BS distance should be 1732m, and there is no need to adjust the percentage of outdoor and indoor UEs to further reduce the coupling loss.
Proposal 8: For URLLC, the following three cases can be considered:

· Case C: Carrier frequency is 4GHz, inter-BS distance = 500m, 80% of outdoor UEs + 20% of indoor UEs;

· Case D: Carrier frequency is 4GHz, inter-BS distance = 500m, 100% of outdoor UEs;

· Case E: Carrier frequency is 700MHz, inter-BS distance = 500m, 20% of outdoor UEs + 80% of indoor UEs.

Proposal 9: To adopt the parameters in the following table II for system-level evaluations for NOMA study.

Table II: System-level evaluation assumptions

	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Inter-BS distance
	1732m 
	500m
	200m
	

	Carrier frequency
	700MHz
	4GHz or 700MHz
	4GHz
	

	Simulation bandwidth
	6 PRBs as starting point
	12 PRBs
	12 PRBs
	

	Channel model
	UMa in TR 38.901;
The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for frequencies below 6 GHz.
	

	UE distribution
	For mMTC:

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

For URLLC:
4GHz: 80% of users are outdoors (3km/h), 20% of users are indoor (3km/h); or 100% of users are outdoor (3km/h);
700MHz: 20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); 

Users dropped uniformly in entire cell

For eMBB:
20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell
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7. Appendix
Figure 4.2.1-6, Figure 4.2.1-12 and Figure 4.2.2-6 copied from [4] are shown here for convenience.
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Figure 4.2.1-6 [4]: Light Background Traffic - Packet Size CDFs (uplink)
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Figure 4.2.1-12 [4]: Heavier Background Traffic - Packet Size CDFs (uplink)
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Figure 4.2.2-6 [4]: IM Traffic - Packet Size CDFs (uplink)
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