3GPP TSG RAN WG1 Meeting #94                                                             R1-1808154
Gothenburg, Sweden, August 20th - 24th, 2018

Source: 	ZTE
[bookmark: Title]Title:	Preliminary system-level simulation results for NOMA
[bookmark: Source]Agenda Item:	7.2.1.4
[bookmark: DocumentFor]Document for:	Discussion/Decision
[bookmark: _Ref409106980]Introduction
In RAN1 #92bis meeting and RAN1 #93 meeting, most of the aspects on performance metrics, traffic models and simulation parameters for system-level evaluations for NOMA were determined, and the agreement on system-level assumptions for calibration purpose were also achieved [1][2].
In this contribution, system level calibration results are provided, and preliminary system level evaluation results for NOMA are demonstrated and discussed.
SLS calibration
The CDF of coupling loss and downlink geometry are shown in Figure 1 and Figure 2 respectively, which are derived based on the system-level assumptions for calibration in Table A1 in the Appendix, and some additional assumptions described in the following.
· Minimum distance between UE and gNB: 10m. For Case 1, 35m can be also used, the differences are minor.
· Building penetration loss: The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for frequencies below 6 GHz, which is in alignment with the agreement for NOMA evaluation [2].
· UE noise figure: Since below 6 GHz carrier frequency is assumed for all cases, the UE noise figure can be set to 9dB according to Table A.2.1-1 in TR 38.802.
· Handover margin: 0dB, which is usually used for calibration and evaluation.
Proposal 1: Consider the following additional assumptions for system level calibration:
· Minimum distance between UE and gNB: 10m.
· Building penetration loss: The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for frequencies below 6 GHz.
· UE noise figure: 9dB;
· Handover margin: 0dB;
Proposal 2: Capture the calibration results on coupling loss and downlink geometry into the TR 38.812, which are shown in Figure 1 and 2, respectively.
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Figure 1 CDF of coupling loss			Figure 2 CDF of downlink geometry
Preliminary SLS results
[bookmark: _GoBack]In the preliminary evaluation, the performance comparison between baseline scheme and NOMA in mMTC, URLLC and eMBB scenarios are conducted with corresponding assumptions shown in Table A2 in the Appendix. It should be noted that some parameters are not determined in existing agreement, 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. In addition, some details of the baseline scheme and NOMA scheme can be also found in Table 1 and below.
As for the packet size for NOMA evaluations in eMBB scenario, it is still FFS. From our view [3], the packet size of 40~600 bytes Pareto distribution with shaping parameter alpha = 1.5 is basically in alignment with the packet size distributions for heavier background traffic and IM traffic that have been studied in “LTE_eDDA” [4], so we propose to confirm this packet size distribution for eMBB scenario.
Table 1 Assumptions reported for NOMA evaluation
	Parameters
	mMTC
	URLLC
	eMBB

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

	Simulation bandwidth
	6 PRBs
	12 PRBs
	12 PRBs

	Resource allocation
	Baseline: 1 PRB per UE
NOMA: 1 PRBs +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]

	Packet size
	20~200 bytes Pareto distribution with shaping parameter alpha = 2.5, and 29 bytes protocol overhead
	60 bytes
	40~600 bytes Pareto distribution with shaping parameter alpha = 1.5, no protocol overhead

	Segmentation
	Yes
	No
	Yes

	HARQ/repetition
	For configured grant:
Case 1: HARQ transmission(s)
Case 2: Repetition
Details can be found below
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
	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
	102

	Channel estimation
	Realistic
	Realistic
	Ideal, or realistic

	BS receiver
	Baseline: MMSE-IRC
NOMA: MMSE-PIC
	Baseline: MMSE-IRC or MMSE-PIC (max times of decoding for a UE = 2)
NOMA: same as baseline
	Baseline: MMSE-IRC
NOMA: MMSE-PIC



mMTC (configured grant)
In mMTC configured grant scenario, there is no DMRS collision, and the following case is simulated:
· Case 1: Maximum number of HARQ transmission(s) = 8, the energy of spreading codes for NOMA is normalized to 1 for fair comparison.
Figure 3(a) shows the packet drop rate (PDR) performance of baseline and NOMA for Case 1. As shown in the figure, obvious performance gain can be observed for NOMA relative to the baseline. Distribution of maximal number of UEs per transmission resource and resource utilization for Case 1 are shown in Figure 3(b) and 3(c) respectively. 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.
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Figure 3(a) Packet drop rate for Case 1
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Figure 3(b) Max number of UEs per Tx resource for Case 1
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Figure 3(c) Resource utilization for Case 1

	
	
	


mMTC (grant free with random selection)
In this section, we demonstrate some preliminary simulation results for grant-free with random selection in mMTC scenario, where transmission resource and DMRS are randomly selected by each UE, and DMRS 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 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 code is 64 which are one-to-one mapping with the 64 DMRS. The PHY abstraction of the receiver can be found in our companion contribution [6].
Figure 5(a) shows the PDR performance of baseline and NOMA. We can observe that grant-free NOMA with random selection has obvious gain. Maximum number of UEs per transmission resource and resource utilization are also shown in Figure 5(b) and 5(c) respectively. Similar to above, 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 the user identification procedure may be a little ideal in the current simulation, which would be further studied in the future. And we think that grant-free transmission with random selection is worthy of research in NOMA study.
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Figure 5(a) Packet drop rate
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Figure 5(b) Max number of UEs per Tx resource
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Figure 5(c) Resource utilization


URLLC
For URLLC, configured grant scenario is simulated and there is no DMRS collision. The transmission resource including time/frequency resource and DMRS are preconfigured. And for NOMA scheme, the energy of spreading codes is normalized to 1 for fair comparison.
Figure 6(a) shows the percentage of users satisfying reliability and latency requirements, from which we can observe that NOMA has significant performance gain compared to 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 scheme, due to the packet error rate is very low with MMSE-IRC receiver, the performance improvement on the percentage of users can not be obviously observed.
Maximum number of UEs per transmission resource and resource utilization are shown in Figure 6(b) and 6(c) respectively. Similar to mMTC scenario, 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.
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Figure 6(a) Packet drop rate
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Figure 6(b) Max number of UEs per Tx resource
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Figure 6(c) Resource utilization


eMBB
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 7(a) shows the PDR performance of baseline and NOMA with ideal channel estimation (ICE) and realistic channel estimation (RCE). We can observe obvious performance gain for NOMA relative to baseline from this figure, with both ICE and RCE.
Maximum number of UEs per transmission resource and resource utilization are also shown in Figure 7(b) and 7(c) respectively. 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.
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Figure 7(a) Packet drop rate
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Figure 7(b) Max number of UEs per Tx resource
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Figure 7(c) Resource utilization


Observation 1: Spreading based NOMA has obvious performance gain in mMTC, URLLC and eMBB scenarios.
Observation 2: The number of UEs per transmission resource and resource utilization are increasing with the traffic load, and multiple times of HARQ transmissions or repetitions have impact on these metrics.
Observation 3: The number of UEs per transmission resource and resource utilization for NOMA are relatively higher than that of baseline.
Proposal 3: Confirm the packet size for NOMA evaluations in eMBB scenario: 40~600 bytes Pareto distribution, with shaping parameter alpha = 1.5.
Proposal 4: Grant-free transmission with random selection of MA signatures should be studied in NOMA SI to demonstrate the NOMA gain.
Conclusions
In this contribution, system level calibration results are provided, and preliminary system level evaluation results for NOMA are demonstrated and discussed. It should be noted that more cases with scheme or parameter adjustments should be studied and evaluated to fully understand the performance of NOMA, which would be done in the following meetings.
Based on this contribution, we make the following observations and proposals:
Observation 1: Spreading based NOMA has obvious performance gain in mMTC, URLLC and eMBB scenarios.
Observation 2: The number of UEs per transmission resource and resource utilization are increasing with the traffic load, and multiple times of HARQ transmissions or repetitions have impact on these metrics.
Observation 3: The number of UEs per transmission resource and resource utilization for NOMA are relatively higher than that of baseline.
Proposal 1: Consider the following additional assumptions for system level calibration:
· Minimum distance between UE and gNB: 10m.
· Building penetration loss: The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for frequencies below 6 GHz.
· UE noise figure: 9dB;
· Handover margin: 0dB;
Proposal 2: Capture the calibration results on coupling loss and downlink geometry into the TR 38.812, which are shown in Figure 1 and 2, respectively.
Proposal 3: Confirm the packet size for NOMA evaluations in eMBB scenario: 40~600 bytes Pareto distribution, with shaping parameter alpha = 1.5.
Proposal 4: Grant-free transmission with random selection of MA signatures should be studied in NOMA SI to demonstrate the NOMA gain.
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Appendix 1 System-level assumptions for calibration
Table A1 System-level assumptions for calibration purpose
	Parameters
	Case 1
	Case 2
	Case 3

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m
	500m
	200m

	Carrier frequency
	700MHz
	700MHz
	4GHz

	Channel model
	UMa in TR 38.901

	UE Tx power
	Max 23 dBm

	BS Tx power
	Max 46 dBm

	BS antenna configurations
	2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), +-45 Polarization;
dH = dV = 0.8λ;

	BS antenna downtilt
	92
	98
	102

	BS antenna height
	25m

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

	BS receiver noise figure
	5dB

	UE antenna configuration
	1

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi

	UE distribution
	Follow the evaluation assumptions

	UE power control
	Open loop PC, P0 = [-90] dBm, alpha = 1.

	HARQ/repetition
	1

	UE attachment
	Refer to 36.873



Appendix 2 System-level assumptions for NOMA
Table A2 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, 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

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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