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The evaluation methodologies, performance metrics, traffic models and simulation assumptions for system-level evaluations for NOMA were discussed and agreed in RAN1 #92bis, #93 and #94 meetings[1][2][3]. And the coupling loss and downlink geometry were calibrated in the email discussion after RAN1 #94 meeting.
In this contribution, system level evaluation results for NOMA in mMTC, URLLC, and eMBB scenarios are further updated and discussed, on the basis of the contribution for last meeting [4].
SLS results for NOMA
In the evaluation, the performance comparison between baseline scheme and MUSA in mMTC, URLLC and eMBB scenarios are conducted with the agreed assumptions shown in Table A1 in the Appendix. It should be noted that some parameters do not have mandated values, should be reported by companies, e.g. number of UEs per cell, power control, and HARQ/repetition, etc.  The values used for the simulations in this contribution are given in Table 1 for mMTC, URLLC and eMBB scenarios respectively. In addition, some details of the baseline and MUSA can be also found in the table.
Table 1 Assumptions reported for MUSA system level performance evaluation in this contribution
	Parameters
	mMTC
	URLLC
	eMBB

	Carrier Frequency + ISD
	700MHz + 1732m
	4GHz + 200m
700MHz + 500m
	4GHz + 200m

	Simulation bandwidth
	6 PRBs
	12 PRBs
	12 PRBs

	Resource allocation
	Case 1: 1 PRB per UE for baseline, 1 PRB + 4ms per UE for MUSA;
Case 2: 6 PRBs per UE for baseline and MUSA;
Case 3: 1 PRB + 6ms per UE for baseline and MUSA;
For Case 1 and Case 2, spreading codes of length 4 are used [5]; 
For Case 3, spreading codes of length 2, 4, or 6 are used.
	Case 1: 3 PRBs per UE for baseline, 12 PRBs per UE for MUSA;
Case 2: 12 PRBs per UE for baseline and MUSA;
spreading codes of length 4 are used [5]
	Case 1: 3 PRBs per UE for baseline, 12 PRBs per UE for MUSA
Case 2: 12 PRBs per UE for baseline and MUSA;
spreading codes of length 4 are used [5]

	Configured grant details
	24 DMRS is assumed for each RB;
Periodicity = 4 ms for baseline and MUSA for Case 1;
Periodicity = 5 ms for baseline and MUSA for Case 2
Periodicity = 6 ms for baseline and MUSA for Case 3
	24 DMRS is assumed for each RB;
For 60 bytes packet size: periodicity = 0.5 ms for baseline and MUSA
For 200 bytes packet size: periodicity = 2 ms for baseline and MUSA
	24 DMRS is assumed for each RB;
Periodicity = 5 ms for baseline and MUSA for both Case 1 and Case 2

	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

	TB size
	25 bytes
	Same as packet size
	70 bytes

	HARQ/repetition
	For configured grant, the maximum number of HARQ transmissions is 8, and non-adaptive re-transmissions are assumed;
For grant-free with random selection, UEs are classified to 3 groups, different repetitions are assumed respectively
	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 configured grant;
P0 = -95 dBm, alpha = 1 for grant-free with random selection
	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
	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
MUSA: MMSE-PIC
For grant-free with random selection: MMSE-IC for baseline and MUSA
	Baseline: MMSE-IRC or MMSE-PIC (max times of decoding for a UE = 2)
MUSA: same as baseline
	Baseline: MMSE-IRC or MMSE-PIC
MUSA: 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. 
· Case 1: 1 PRB + 1 ms per UE for baseline (OMA), 1 PRB + 4ms per UE for MUSA
In this case, resource allocation with FDM mode is used, meaning that users per cell are more or less equally divided into 6 groups. At each time instant, each transmitting user occupies one of the 6 PRBs, multiple users may share the same resource. For the baseline, a user’s transmission time needs not to be aligned to the 4ms-grid for MUSA. Whether it starts from the first, the second, the third or the fourth ms depends on the configuration. However its transmit buffer would flush packets every 4ms (which is the periodicity of the configured grant), similar to MUSA simulation. For fair comparison, the energy of spreading codes for MUSA is normalized to 1.
Figure 1(a) shows the packet drop rate (PDR) performances for baseline with MMSE-IRC receiver or MMSE-PIC receiver, and MUSA with MMSE-PIC receiver. From the figure, we can observe that the supported packet arrival rate (PAR) at PDR = 1% for MUSA is about 2 times of that for baseline with MMSE-IRC receiver, and is more than 1.5 times of that for baseline with MMSE-PIC receiver.
The distributions of maximum number of UEs per transmission resource and resource utilization are shown in Figure 1(b) and 1(c) respectively for baseline and MUSA. 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 MUSA are relatively higher than baseline because that in this case more time domain resources would be used after spreading,  leading to the situation that more users would use the same transmission resource. It should be noted that multiple times of HARQ transmissions also have impact on these metrics.
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Figure 1 Simulation results for mMTC configured grant Case 1
· Case 2: 6 PRBs + 1 ms per UE for baseline and MUSA
In this case, lower code rate would be used for baseline. “Spreading” is in frequency domain.
Figure 2(a) shows the PDR performances for baseline with MMSE-IRC receiver or MMSE-PIC receiver, and MUSA with MMSE-PIC receiver. From the figure, we can observe that the supported PAR at PDR = 1% for MUSA is more than 2 times of that for baseline with MMSE-IRC receiver or MMSE-PIC receiver.
Figure 2(b) shows the maximum number of UEs per transmission resource for baseline and MUSA, the distributions are similar since 6 PRBs per UE are used for both baseline and MUSA. The CDF of the number of UEs per transmission resource for MUSA at PAR = 200 packet/s/cell and 500 packet/s/cell are also shown in Figure 2(c). More users would share the same transmission resource with the increasing of traffic load.
Figure 2(d) shows the resource utilization for baseline and MUSA, similar distributions can be also observed, and the resource utilization for MUSA is a little less due to better transmission performance.
Figure 2(e) and 2(f) shows the CDF of IoT and pre-SINR for MUSA at PAR = 200 packet/s/cell and 500 packet/s/cell, where only large scale fading and inter-cell interference is involved. With the increasing of traffic load, the impact of inter-cell interference would be more serious.
Figure 2(g) provides the MMSE post-SINR for baseline and MUSA, ~10 dB SINR gap can be observed between baseline and MUSA. Post-SINR takes into account of fast fading and cross-user/cross-cell interference rejection by MMSE-hard IC receiver when linear spreading is applied at the transmitter. Since the effective code rate of baseline is 1/8 (e.g., mother code rate of 1/5 + repetition) while the code rate of MUSA is 1/2, ~7dB SNR reduction can be expected for the demodulation requirement of baseline, considering this, better performance can still be achieved by MUSA, and inter-cell interference would have more serious impact on baseline.
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(g) CDF of MMSE post-SINR


Figure 2 Simulation results for mMTC configured grant Case 2

In the following, we would show some simulation results for this case with non-ideal inter-cell interference covariance matrix, which is assumed to be whitened.
Figure 2X shows the PDR performances for baseline and MUSA, where MMSE-PIC receiver is used. From the figure, we can observe that the supported PAR for MUSA is about 2 times of that for baseline when the PDR is close to 1%.
Compare to Figure 2(a) in the above, we can further observe that the performances with non-ideal inter-cell interference covariance matrix are worse.
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Figure 2X Simulation results for mMTC configured grant Case 2 with non-ideal inter-cell interference covariance matrix

· Case 3: 1 PRB + 6ms per UE for baseline and MUSA
In this case, lower code rate would be used for baseline, and spreading codes with different length would be evaluated for MUSA. “Spreading” is in time domain.
Figure 3(a) shows the PDR performances for baseline and MUSA with different spreading factor. MMSE-PIC receiver is used for baseline and MUSA. From the results, we can observe that the supported PAR at PDR = 1% for MUSA with SF = 2 is more than 1.5 times of that for baseline, and better performances can be achieved for MUSA with large spreading factor, which is beneficial to interference suppression in multi-cell deployment.
Figure 3(b) shows the maximum number of UEs per transmission resource for baseline and MUSA with different spreading factor, the distributions are similar, and the maximum number of UEs per transmission resource for MUSA is a little less due to better transmission performance. The CDF of the number of UEs per transmission resource for baseline and MUSA at PAR = 500 packet/s/cell and 1000 packet/s/cell are shown in Figure 3(c). More users would share the same transmission resource with the increasing of traffic load.
Figure 3(d) shows the resource utilization for baseline and MUSA with different spreading factor, similar distributions can be also observed, and the resource utilization for MUSA is a little less due to better transmission performance.
Figure 3(e) provides the MMSE post-SINR for baseline and MUSA. Similar as above, obvious SINR gap can be observed between baseline and MUSA, because of the interference rejection capability of MMSE-hard IC in the case of linear spreading. Since the effective code rate of baseline is 1/8 while the code rate of MUSA with SF = 2, 4 and 6 is 1/4, 1/2 and 3/4 respectively, certain coding gain is expected for the baseline. Even so, better performance can still be achieved by MUSA, and inter-cell interference would have more serious impact on baseline.
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Figure 3 Simulation results for mMTC configured grant Case 3

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.
As for baseline, 24 orthogonal ports for the enhanced DMRS configuration is assumed without spreading, while for MUSA, 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.
In the simulation, UEs in a cell are classified to 3 groups, different resource pools are configured for these groups respectively, and 1 PRB would be randomly selected by a UE from the corresponding resource pool for transmission, i.e. mMTC resource allocation case 1 as described above. In addition, 1, 4 and 16 repetitions are configured for the 3 groups respectively for baseline, while for MUSA, since spreading codes of length 4 are used, 1, 1 and 4 repetitions are configured for the 3 groups respectively, and the energy of spreading codes used by UEs in the first group is normalized to 1. 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 [6].
Figure 4(a) shows the PDR performances for baseline and MUSA. From the figure, we can observe that the supported PAR at PDR = 1% for MUSA is about 2 times of that for baseline. The distributions of maximum number of UEs per transmission resource and resource utilization are also shown in Figure 4(b) and 4(c) respectively for baseline and MUSA.
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Figure 4 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. In the evaluation, MMSE-IRC and MMSE-PIC receiver are both used for baseline and MUSA.
· Case 1: 3 PRBs + 0.25 ms per UE for baseline (OMA), 12 PRBs + 0.25 ms per UE for MUSA
In this case, resource allocation with FDM mode is used for baseline, where at each time instant, each transmitting user occupies 3 PRBs without overlapping with others. For MUSA, at each time instant, users can share 12 PRBs. For fair comparison, the power consumption for baseline and MUSA are kept to be the same.
Figure 5 shows the percentages of users satisfying reliability and latency requirements for baseline and MUSA with 60 bytes packet size, from which we can observe that the supported PAR at target percentage = 95% for MUSA 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 MUSA, 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 6 shows the percentages of users satisfying reliability and latency requirements for baseline and MUSA with 200 bytes packet size. Similar observations as above can be derived, and the performances are decreased relative to that with 60bytes packet size.
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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 5 Simulation results for URLLC Case 1 (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 6 Simulation results for URLLC Case 1 (packet size = 200bytes)
· Case 2: 12 PRBs + 0.25 ms per UE for baseline and MUSA
In this case, lower code rate would be used for baseline. “Spreading” is in frequency domain.
Figure 7 shows the percentages of users satisfying reliability and latency requirements for baseline and MUSA with 60 bytes packet size in the scenario of 4GHz + 200m. From the results, we can observe that at target percentage = 95% the supported PAR is about 2000 packet/s/cell for MUSA, however, for baseline, even PAR = 500 packet/s/cell can not be supported.
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Figure 7 Simulation results for URLLC Case 2 (4GHz + 200m, packet size = 60bytes)

eMBB (configured grant)
For eMBB, the scenario of configured grant with no DMRS collision is also firstly simulated.
· Case 1: 3 PRBs + 1ms per UE for baseline (OMA), 12 PRBs + 1ms per UE for MUSA
In this case, resource allocation with FDM mode is used for baseline. For fair comparison, the power consumption for baseline and MUSA are kept to be the same.
Figure 8(a) shows the PDR performances for baseline with MMSE-IRC receiver or MMSE-PIC receiver, and MUSA with MMSE-PIC receiver. From the figure, we can observe that the supported PAR at PDR = 1% for MUSA is more than 2 times of that for baseline with MMSE-IRC receiver, and is about 1.5 times of that for baseline with MMSE-PIC receiver.
Figure 8(b) shows the maximum number of UEs per transmission resource for baseline and MUSA, more users would share the same transmission resource with the increasing of traffic load, and the maximum number of UEs per transmission resource for baseline and MUSA would be some specific values at high traffic load due to the configured grant mechanism. For MUSA, the maximum 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. The CDF of the number of UEs per transmission resource for MUSA at PAR = 2000 packet/s/cell is also shown in Figure 8(c).
Figure 8(d) shows the resource utilization for baseline and MUSA. Figure 8(e) and 8(f) shows the CDF of IoT and pre-SINR for MUSA at PAR = 2000 packet/s/cell, where only large scale fading and inter-cell interference is involved. These curves can be used for reference.
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(f) CDF of pre-SINR (PAR = 2000 packet/s/cell)


Figure 8 Simulation results for eMBB configured grant Case 1

· Case 2: 12 PRBs + 1ms per UE for baseline and MUSA
In this case, lower code rate would be used for baseline relative to Case 1. “Spreading” is in frequency domain.
Figure 9(a) shows the PDR performances for baseline with MMSE-IRC receiver or MMSE-PIC receiver, and MUSA with MMSE-PIC receiver. From the figure, we can observe that the supported PAR at PDR = 1% for MUSA is about 3 times of that for baseline with MMSE-IRC receiver, and is about 2 times of that for baseline with MMSE-PIC receiver.
Figure 9(b) shows the maximum number of UEs per transmission resource for baseline and MUSA, the distributions are similar since 12 PRBs per UE are used for both baseline and MUSA. The CDF of the number of UEs per transmission resource for MUSA at PAR = 2000 packet/s/cell is also shown in Figure 9(c). More than 12 users would share the same transmission resource when the PAR is larger than 1500 packet/s/cell, where PDR = 1% can be reached with MUSA.
Figure 9(d) shows the resource utilization for baseline and MUSA, similar distributions can be also observed.
Figure 9(e) and 9(f) shows the CDF of IoT and pre-SINR for MUSA at PAR = 2000 packet/s/cell, where only large scale fading and inter-cell interference is involved. These curves can be used for reference.
Figure 9(g) provides the MMSE post-SINR for baseline and MUSA. Similar as mMTC scenario, obvious SINR gap can be observed between baseline and MUSA because of interference rejection capability of MMSE-hard IC receiver when linear spreading is applied at the transmitter. Since the effective code rate of baseline is 1/6 while the code rate of MUSA is 2/3, certain coding gain is expected for baseline. Nevertheless, better performance can still be achieved by MUSA, and inter-cell interference would have more serious impact on baseline.
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(g) CDF of MMSE post-SINR


Figure 9 Simulation results for eMBB configured grant Case 2

Observation 1: For mMTC configured grant scenario with FDM resource allocation, the supported packet arrival rate (PAR) at packet drop rate (PDR) = 1% for MUSA is about 2 times of that for baseline with MMSE-IRC receiver, and is more than 1.5 times of that for baseline with MMSE-PIC receiver.
Observation 2: For mMTC configured grant scenario with 6 PRBs per UE for baseline and MUSA, the supported PAR at PDR = 1% for MUSA is more than 2 times of that for baseline with MMSE-IRC receiver or MMSE-PIC receiver.
Observation 3: For mMTC grant free with random selection scenario, the supported PAR at PDR = 1% for DMRS based MUSA is about 2 times of that for baseline.
Observation 4: For URLLC configured grant scenario with FDM resource allocation for baseline, the supported PAR at target percentage of users satisfying requirements = 95% for MUSA 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 5: For URLLC configured grant scenario with 12 PRBs per UE for baseline and MUSA, 60 bytes packet size and 4GHz + 200m scenario, at target percentage = 95% the supported PAR is about 2000 packet/s/cell for MUSA, however, for baseline, even PAR = 500 packet/s/cell can not be supported.
Observation 6: For eMBB configured grant scenario with FDM resource allocation for baseline, the supported PAR at PDR = 1% for MUSA is more than 2 times of that for baseline with MMSE-IRC receiver, and is about 1.5 times of that for baseline with MMSE-PIC receiver.
Observation 7: For eMBB configured grant scenario with 12 PRBs per UE for baseline and MUSA, the supported PAR at PDR = 1% for MUSA is about 3 times of that for baseline with MMSE-IRC receiver, and is about 2 times of that for baseline with MMSE-PIC receiver.
Observation 8: 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.
Observation 9: DMRS enhancement is necessary to support more users transmitted on the same resources.
Observation 10: Large spreading factor is beneficial to interference suppression for MUSA in multi-cell deployment.
Observation 11: Inter-cell interference would have more serious impact on low code rate based baseline.
Observation 12: For mMTC configured grant scenario with 6 PRBs per UE for baseline and MUSA, and with non-ideal inter-cell interference covariance matrix, the supported PAR for MUSA is about 2 times of that for baseline when the PDR is close to 1%. And the performances with non-ideal inter-cell interference covariance matrix are worse than that with ideal inter-cell interference covariance matrix.

Conclusions
In this contribution, system level evaluation results for NOMA in mMTC, URLLC, and eMBB scenarios are further demonstrated and discussed.
Based on this contribution, we make the following observations:
Observation 1: For mMTC configured grant scenario with FDM resource allocation, the supported packet arrival rate (PAR) at packet drop rate (PDR) = 1% for MUSA is about 2 times of that for baseline with MMSE-IRC receiver, and is more than 1.5 times of that for baseline with MMSE-PIC receiver.
Observation 2: For mMTC configured grant scenario with 6 PRBs per UE for baseline and MUSA, the supported PAR at PDR = 1% for MUSA is more than 2 times of that for baseline with MMSE-IRC receiver or MMSE-PIC receiver.
Observation 3: For mMTC grant free with random selection scenario, the supported PAR at PDR = 1% for DMRS based MUSA is about 2 times of that for baseline.
Observation 4: For URLLC configured grant scenario with FDM resource allocation for baseline, the supported PAR at target percentage of users satisfying requirements = 95% for MUSA 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 5: For URLLC configured grant scenario with 12 PRBs per UE for baseline and MUSA, 60 bytes packet size and 4GHz + 200m scenario, at target percentage = 95% the supported PAR is about 2000 packet/s/cell for MUSA, however, for baseline, even PAR = 500 packet/s/cell can not be supported.
Observation 6: For eMBB configured grant scenario with FDM resource allocation for baseline, the supported PAR at PDR = 1% for MUSA is more than 2 times of that for baseline with MMSE-IRC receiver, and is about 1.5 times of that for baseline with MMSE-PIC receiver.
Observation 7: For eMBB configured grant scenario with 12 PRBs per UE for baseline and MUSA, the supported PAR at PDR = 1% for MUSA is about 3 times of that for baseline with MMSE-IRC receiver, and is about 2 times of that for baseline with MMSE-PIC receiver.
Observation 8: 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.
Observation 9: DMRS enhancement is necessary to support more users transmitted on the same resources.
Observation 10: Large spreading factor is beneficial to interference suppression for MUSA in multi-cell deployment.
Observation 11: Inter-cell interference would have more serious impact on low code rate based baseline.
Observation 12: For mMTC configured grant scenario with 6 PRBs per UE for baseline and MUSA, and with non-ideal inter-cell interference covariance matrix, the supported PAR for MUSA is about 2 times of that for baseline when the PDR is close to 1%. And the performances with non-ideal inter-cell interference covariance matrix are worse than that with ideal inter-cell interference covariance matrix.
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Appendix 1 Agreed 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
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