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[bookmark: _GoBack]The evaluation methodologies, performance metrics, traffic models and simulation assumptions for system-level evaluations for NOMA were agreed in RAN1 #92bis, #93 and #94 meeting[1][2][3]. And the calibration on coupling loss and downlink geometry were also conducted by an email discussion after RAN1 #94 meeting, from which we observed that the calibration results are well aligned.
In this contribution, detailed system level evaluation results for NOMA in mMTC, URLLC, and eMBB scenarios are demonstrated and discussed. A evaluation results summary can be found in our companion contribution [4].
Detailed SLS results for NOMA
In the evaluation, the performance comparison between baseline scheme and NOMA in mMTC, URLLC and eMBB scenarios are conducted with corresponding assumptions shown in Table A1 in the Appendix. It should be noted that some parameters are not determined in the assumptions, which should be reported by companies, e.g. number of UEs per cell, power control, and HARQ/repetition, etc. The details of them are given in Table 1 for mMTC, URLLC and eMBB scenarios respectively. In addition, some details of the baseline and NOMA can be also found in the table.
Table 1 Assumptions reported for NOMA evaluation
	Parameters
	mMTC
	URLLC
	eMBB

	Carrier Frequency + ISD
	700MHz + 1732m for configured grant
700MHz + 500m for grant-free with random selection
	4GHz + 200m
700MHz + 500m
	4GHz + 200m

	Simulation bandwidth
	6 PRBs
	12 PRBs
	12 PRBs

	Resource allocation
	Baseline: 1 PRB per UE
NOMA: 1 PRB +4ms per UE, spreading codes of length 4 are used [5]
	Baseline: 3 PRB per UE
NOMA: 12 PRBs per UE, spreading codes of length 4 are used [5]
	Baseline: 3 PRB per UE
NOMA: 12 PRBs per UE, spreading codes of length 4 are used [5]

	Configured grant details
	24 DMRS is assumed for each RB;
Periodicity = 1 ms for baseline;
Periodicity = 4 ms for NOMA
	24 DMRS is assumed for each RB;
For 60 bytes packet size:
Periodicity = 0.25 ms for baseline;
Periodicity = 0.5 ms for NOMA
For 200 bytes packet size:
Periodicity = 1 ms for baseline;
Periodicity = 2 ms for NOMA
	24 DMRS is assumed for each RB;
Periodicity = 2 ms for baseline;
Periodicity = 5 ms for NOMA

	Packet size
	20~200 bytes Pareto distribution with shaping parameter alpha = 2.5, and 29 bytes protocol overhead
	60 bytes
200 bytes
	50~600 bytes Pareto distribution with shaping parameter alpha = 1.5, no protocol overhead

	Segmentation
	Yes, 5 bytes packet segmentation overhead is added for each TB
	No
	Yes, 5 bytes packet segmentation overhead is added for each TB

	HARQ/repetition
	For configured grant, the maximum number of HARQ transmissions is 8
For grant-free with random selection, no HARQ/repetition
	Number of transmission(s) = 1
No HARQ/repetition
	Number of transmission(s) = 1
No HARQ/repetition

	ARQ retransmission
	Not modelled, if one TB is not received correctly after HARQ/ repetition, the packet is dropped
	Not modelled
	Not modelled, if one TB is not received correctly after HARQ transmission, the packet is dropped

	Number of UEs per cell
	100
	20
	100

	UE power control
	Open loop power control:
P0 = -100 dBm, alpha = 1 for 700MHz + 1732m; 
P0 = -95 dBm, alpha = 1 for 700MHz + 500m
	Open loop power control, P0 = -90 dBm, alpha = 1
	Open loop power control, P0 = -95 dBm, alpha = 1

	Number of BS antennas
	2Rx
	4Rx
	4Rx

	BS antenna downtilt
	92 for 700MHz + 1732m
98 for 700MHz + 500m
	102 for 4GHz + 200m
98 for 700MHz + 500m
	102

	Channel estimation
	Realistic
	Realistic
	Realistic

	BS receiver
	For configured grant: 
Baseline: MMSE-IRC or MMSE-PIC
NOMA: MMSE-PIC
For grant-free with random selection: MMSE-IC for baseline and NOMA
	Baseline: MMSE-IRC or MMSE-PIC (max times of decoding for a UE = 2)
NOMA: same as baseline
	Baseline: MMSE-IRC or MMSE-PIC
NOMA: MMSE-PIC



mMTC (configured grant)
In mMTC configured grant scenario, the transmission resources including time/frequency resource and DMRS are preconfigured, and there is no DMRS collision. The maximum number of HARQ transmissions is 8. And for NOMA, the energy of spreading codes is normalized to 1 for fair comparison.
Figure 1(a) shows the packet drop rate (PDR) performances for baseline with MMSE-IRC receiver or MMSE-PIC receiver, and NOMA with MMSE-PIC receiver. From the figure, we can observe that the supported packet arrival rate (PAR) at PDR = 1% for NOMA is the double of that for baseline with MMSE-IRC receiver, and is about 50% higher than that for baseline with MMSE-PIC receiver.
The distributions of maximal number of UEs per transmission resource and resource utilization are shown in Figure 1(b) and 1(c) respectively for baseline and NOMA. It can be observed that the maximum number of UEs per transmission resource and resource utilization are increasing with the traffic load, and these metrics for NOMA are relatively higher than baseline because that multiple basic resources would be used after spreading and more users would use the same transmission resource. It should be noted that multiple times of HARQ transmissions also have impact on these metrics. The maximal number of UEs per transmission resource for baseline and NOMA would be the same at high traffic load due to the configured grant mechanism.
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(a) Packet drop rate
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(b) Max number of UEs per Tx resource
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(c) Resource utilization


Figure 1 Simulation results for mMTC configured grant

mMTC (grant free with random selection)
In this section, we demonstrate some simulation results for grant-free with random selection in mMTC scenario, where transmission resource and MA signature (including DMRS and/or spreading code) are randomly selected by each UE, and MA signature collision exists.
Due to no HARQ transmission and combination is conducted for grant-free with random selection, and to avoid introducing repetitions, which can ensure the performance but would increase the simulation complexity, 500m inter-site distance is used in the simulation.
As for the baseline scheme, 24 orthogonal ports for the enhanced DMRS configuration is assumed without spreading, while for DMRS based NOMA scheme, 64 orthogonal ports via configuration is assumed, and symbol spreading with spreading code of length 4 is used. The number of available spreading codes is 64 which are one-to-one mapping with the 64 DMRS. The 64 spreading codes are also used for data-only based NOMA.
It should be noted that blind MMSE-IC receivers are used for these three schemes, the respective PHY abstraction methods of the receivers can be found in our companion contribution [6].
Figure 2(a) shows the PDR performances for baseline, DMRS based NOMA, and data-only based NOMA. From the figure, we can observe that the supported PAR at PDR = 1% for DMRS based NOMA is the double of that for baseline, and data-only based NOMA has better performance at low traffic load.
The distributions of maximum number of UEs per transmission resource and resource utilization are also shown in Figure 2(b) and 2(c) respectively for baseline and NOMA. Similar distributions can be observed for the two NOMA schemes.
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Figure 2 Simulation results for mMTC grant-free with random selection

URLLC (configured grant)
For URLLC, configured grant scenario is simulated, the transmission resources are preconfigured, and there is no DMRS collision. For fair comparison, the energy of spreading codes for NOMA is normalized to 1. And in the evaluation, MMSE-IRC receiver and MMSE-PIC receiver are both used for baseline and NOMA.
Figure 3 shows the percentages of users satisfying reliability and latency requirements for baseline and NOMA with 60 bytes packet size, from which we can observe that the supported PAR at target percentage = 95% for NOMA would be almost 3 times of that for baseline, even with MMSE-IRC receiver. With MMSE-PIC receiver, the packet error rate can be further reduced, and the percentage of users satisfying requirements is increased for baseline, however, for NOMA, due to the packet error rate is very low with MMSE-IRC receiver, the performance improvement on the percentage of users is very small.
Figure 4 shows the percentages of users satisfying reliability and latency requirements for baseline and NOMA with 200 bytes packet size. Similar observations as above can be derived, and the performances are decreased relative to that with 60bytes packet size.
More results for reference can be found in the Appendix 2.
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(a) Percentage of UEs satisfying requirements for 4GHz + 200m and packet size = 60bytes
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(b) Percentage of UEs satisfying requirements for 700MHz + 500m and packet size = 60bytes


Figure 3 Simulation results for URLLC (packet size = 60bytes)
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(a) Percentage of UEs satisfying requirements for 4GHz + 200m and packet size = 200bytes
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(b) Percentage of UEs satisfying requirements for 700MHz + 500m and packet size = 200bytes


Figure 4 Simulation results for URLLC (packet size = 200bytes)

eMBB (configured grant)
For eMBB, the scenario of configured grant with no DMRS collision is also firstly simulated. For fair comparison, the energy of spreading codes for NOMA is normalized to 1.
Figure 5(a) shows the PDR performances for baseline with MMSE-IRC receiver or MMSE-PIC receiver, and NOMA with MMSE-PIC receiver. From the figure, we can observe that the supported PAR at PDR = 1% for NOMA is more than 2 times of that for baseline with MMSE-IRC receiver, and is more than 50% higher than that for baseline with MMSE-PIC receiver.
The distributions of maximal number of UEs per transmission resource and resource utilization are also shown in Figure 5(b) and 5(c) respectively for baseline and NOMA. Similarly, the maximum number of UEs per transmission resource and resource utilization are increasing with the traffic load, and these metrics for NOMA are relatively higher than baseline because that multiple basic resources would be used after spreading and more users would use the same transmission resource. For NOMA, the maximal number of UEs per transmission resource would be 16 at PAR = 2000 packet/s/cell, where PDR = 1% can be reached. It means that DMRS enhancement is necessary to support more users transmitted on the same resources by NOMA.
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(b) Max number of UEs per Tx resource
	[image: ]
(c) Resource utilization


Figure 5 Simulation results for eMBB

Observation 1: For mMTC configured grant scenario, the supported packet arrival rate (PAR) at packet drop rate (PDR) = 1% for NOMA is the double of that for baseline with MMSE-IRC receiver, and is about 50% higher than that for baseline with MMSE-PIC receiver.
Observation 2: For mMTC grant free with random selection scenario, the supported PAR at PDR = 1% for DMRS based NOMA is the double of that for baseline, and data-only based NOMA has better performance at low traffic load.
Observation 3: For URLLC configured grant scenario, the supported PAR at target percentage of users satisfying requirements = 95% for NOMA would be almost 2~3 times of that for baseline, even with MMSE-IRC receiver. And the performances with 200 bytes packet size are decreased relative to that with 60bytes packet size.
Observation 4: For eMBB configured grant scenario, the supported PAR at PDR = 1% for NOMA is more than 2 times of that for baseline with MMSE-IRC receiver, and is more than 50% higher than that for baseline with MMSE-PIC receiver.
Observation 5: The number of UEs per transmission resource and resource utilization are increasing with the traffic load, and multiple times of re-transmissions have impact on these metrics. And the number of UEs per transmission resource and resource utilization for NOMA are relatively higher than that of baseline.
Observation 6: DMRS enhancement is necessary to support more users transmitted on the same resources by NOMA.

Conclusions
In this contribution, detailed system level evaluation results for NOMA in mMTC, URLLC, and eMBB scenarios are demonstrated and discussed.
Based on this contribution, we make the following observations:
Observation 1: For mMTC configured grant scenario, the supported packet arrival rate (PAR) at packet drop rate (PDR) = 1% for NOMA is the double of that for baseline with MMSE-IRC receiver, and is about 50% higher than that for baseline with MMSE-PIC receiver.
Observation 2: For mMTC grant free with random selection scenario, the supported PAR at PDR = 1% for DMRS based NOMA is the double of that for baseline, and data-only based NOMA has better performance at low traffic load.
Observation 3: For URLLC configured grant scenario, the supported PAR at target percentage of users satisfying requirements = 95% for NOMA would be almost 2~3 times of that for baseline, even with MMSE-IRC receiver. And the performances with 200 bytes packet size are decreased relative to that with 60bytes packet size.
Observation 4: For eMBB configured grant scenario, the supported PAR at PDR = 1% for NOMA is more than 2 times of that for baseline with MMSE-IRC receiver, and is more than 50% higher than that for baseline with MMSE-PIC receiver.
Observation 5: The number of UEs per transmission resource and resource utilization are increasing with the traffic load, and multiple times of re-transmissions have impact on these metrics. And the number of UEs per transmission resource and resource utilization for NOMA are relatively higher than that of baseline.
Observation 6: DMRS enhancement is necessary to support more users transmitted on the same resources by NOMA.
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Appendix 1 System-level assumptions for NOMA
Table A1 System-level assumptions for NOMA evaluation
	Parameters
	mMTC
	URLLC
	eMBB

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m
	200m for 4GHz
500m for 700MHz
	200m

	Carrier frequency
	700MHz
	4GHz or 700MHz
	4GHz

	Simulation bandwidth
	6 PRBs as starting point
	12 PRBs
	12 PRBs

	Number of UEs per cell
	Companies report

	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 SLS with frequencies below 6 GHz.

	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, 0dB 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

For URLLC:
20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell;
Note: Other option(s) not precluded, e.g., 500m ISD, 80% of users are outdoors (3km/h), 20% of users are indoor (3km/h).

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



Appendix 2 More SLS results for NOMA

URLLC (configured grant)
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(a) Percentage of UEs satisfying requirements
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(b) Max number of UEs per Tx resource
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(c) Resource utilization


Figure 6.1-1 Simulation results for URLLC (4GHz + 200m, packet size = 60bytes)
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(a) Percentage of UEs satisfying requirements
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(b) Max number of UEs per Tx resource
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(c) Resource utilization


Figure 6.1-2 Simulation results for URLLC (700MHz + 500m, packet size = 60bytes)
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(a) Percentage of UEs satisfying requirements
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(b) Max number of UEs per Tx resource
	[image: ]
(c) Resource utilization


Figure 6.1-3 Simulation results for URLLC (4GHz + 200m, packet size = 200bytes)
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(a) Percentage of UEs satisfying requirements
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(b) Max number of UEs per Tx resource
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(c) Resource utilization


Figure 6.1-4 Simulation results for URLLC (700MHz + 500m, packet size = 200bytes)

image7.emf
500 1000 1500 2000 2500 3000 3500 4000

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

Traffic Arrival Rate (packet/s/cell)

Percentage of UEs Satisfying Requirements

 

 

Baseline, MMSE-IRC

Baseline, MMSE-PIC(2)

NOMA, MMSE-IRC

NOMA, MMSE-PIC(2)


image8.emf
500 1000 1500 2000 2500 3000 3500 4000

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

Traffic Arrival Rate (packet/s/cell)

Percentage of UEs Satisfying Requirements

 

 

Baseline, MMSE-IRC

Baseline, MMSE-PIC(2)

NOMA, MMSE-IRC

NOMA, MMSE-PIC(2)


image9.emf
200 400 600 800 1000 1200 1400 1600 1800 2000

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

Traffic Arrival Rate (packet/s/cell)

Percentage of UEs Satisfying Requirements

 

 

Baseline, MMSE-IRC

Baseline, MMSE-PIC(2)

NOMA, MMSE-IRC

NOMA, MMSE-PIC(2)


image10.emf
200 400 600 800 1000 1200 1400 1600 1800 2000

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

Traffic Arrival Rate (packet/s/cell)

Percentage of UEs Satisfying Requirements

 

 

Baseline, MMSE-IRC

Baseline, MMSE-PIC(2)

NOMA, MMSE-IRC

NOMA, MMSE-PIC(2)


image11.emf
500 1000 1500 2000 2500 3000 3500 4000

10

-4

10

-3

10

-2

10

-1

10

0

Traffic Arrival Rate (packet/s/cell)

Packet Drop Rate (PDR)

 

 

Baseline, MMSE-IRC

Baseline, MMSE-PIC

NOMA, MMSE-PIC


image12.emf
500 1000 1500 2000 2500 3000 3500 4000

6

8

10

12

14

16

18

20

Traffic Arrival Rate (packet/s/cell)

Max Number of UEs Per Tx Resource

 

 

Baseline

NOMA


image13.emf
500 1000 1500 2000 2500 3000 3500 4000

0

10

20

30

40

50

60

70

80

90

100

Traffic Arrival Rate (packet/s/cell)

Resource Utilization [%]

 

 

Baseline

NOMA


image14.emf
500 1000 1500 2000 2500 3000 3500 4000

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

Traffic Arrival Rate (packet/s/cell)

Max Number of User Per Tx Resource

 

 

Baseline

NOMA


image15.emf
500 1000 1500 2000 2500 3000 3500 4000

0

10

20

30

40

50

60

70

80

90

100

Traffic Arrival Rate (packet/s/cell)

Resource Utilization [%]

 

 

Baseline

NOMA


image16.emf
500 1000 1500 2000 2500 3000 3500 4000

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

Traffic Arrival Rate (packet/s/cell)

Max Number of User Per Tx Resource

 

 

Baseline

NOMA


image17.emf
500 1000 1500 2000 2500 3000 3500 4000

0

10

20

30

40

50

60

70

80

90

100

Traffic Arrival Rate (packet/s/cell)

Resource Utilization [%]

 

 

Baseline

NOMA


image18.emf
200 400 600 800 1000 1200 1400 1600 1800 2000

3

4

5

6

7

8

9

10

Traffic Arrival Rate (packet/s/cell)

Max Number of User Per Tx Resource

 

 

Baseline

NOMA


image19.emf
200 400 600 800 1000 1200 1400 1600 1800 2000

0

10

20

30

40

50

60

70

80

90

100

Traffic Arrival Rate (packet/s/cell)

Resource Utilization [%]

 

 

Baseline

NOMA


image20.emf
200 400 600 800 1000 1200 1400 1600 1800 2000

3

4

5

6

7

8

9

10

11

12

Traffic Arrival Rate (packet/s/cell)

Max Number of User Per Tx Resource

 

 

Baseline

NOMA


image21.emf
200 400 600 800 1000 1200 1400 1600 1800 2000

0

10

20

30

40

50

60

70

80

90

100

Traffic Arrival Rate (packet/s/cell)

Resource Utilization [%]

 

 

Baseline

NOMA


image1.emf
200 400 600 800 1000 1200 1400 1600 1800 2000

10

-3

10

-2

10

-1

10

0

Traffic Arrival Rate (packet/s/cell)

Packet Drop Rate (PDR)

 

 

Baseline, MMSE-IRC

Baseline, MMSE-PIC

NOMA, MMSE-PIC


image2.emf
200 400 600 800 1000 1200 1400 1600 1800 2000

4

6

8

10

12

14

16

18

20

Traffic Arrival Rate (packet/s/cell)

Max Number of UEs Per Tx Resource

 

 

Baseline

NOMA


image3.emf
0 200 400 600 800 1000 1200 1400 1600 1800 2000

0

10

20

30

40

50

60

70

80

90

100

Traffic Arrival Rate (packet/s/cell)

Resource Utilization [%]

 

 

Baseline

NOMA


image4.emf
100 200 300 400 500 600 700 800 900 1000

10

-3

10

-2

10

-1

10

0

Traffic Arrival Rate (packet/s/cell)

Packet Drop Rate (PDR)

 

 

Baseline

NOMA, DMRS based

NOMA, Data-only based


image5.emf
100 200 300 400 500 600 700 800 900 1000

3

4

5

6

7

8

9

10

11

Traffic Arrival Rate (packet/s/cell)

Max Number of UEs Per Tx Resource

 

 

Baseline

NOMA, DMRS based

NOMA, Data-only based


image6.emf
100 200 300 400 500 600 700 800 900 1000

0

10

20

30

40

50

60

70

80

90

100

Traffic Arrival Rate (packet/s/cell)

Resource Utilization [%]

 

 

Baseline

NOMA, DMRS based

NOMA, Data-only based


