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1. Introduction

At the RAN#80bis and 81 meetings, after intensive discussions, progress was made on the evaluation assumptions for both link-level and system level evaluations as summarized in [1]. In this contribution, we assume non-orthogonal multiplexing access (NOMA) as an enhanced multiuser superposition coding scheme [2] for the system level evaluations. We present the methodologies including transmission power allocation and multi-user scheduling. Then, we provide the system-level performance evaluation results for NOMA, including simulation assumptions, and parameters. In the performance evaluation, an R-ML receiver is assumed as a receiver type for the cell-center UE to cancel the inter-user interference.
2. Evaluation Methodologies for Enhanced Downlink Transmission
In this section, we describe the evaluation assumptions and methodologies that are considered in the context of NOMA.

· Transmission modes for NOMA
Among the specified transmission modes (TMs), in this study, we focus on the OL and CL single user (SU) - MIMO schemes with CRS-based TMs, i.e. TM3 and TM4 first since it is typically used in current macro network (NW) deployments. TM9/10 can also be considered for the second step of this study if the significant gains from NOMA are expected or special considerations are needed for TM9/10. Regarding the number of NOMA UEs per resource and transmission layers per UE for NOMA, 2 NOMA users and the maximum number of 2 layers per UE are assumed according to the agreements.

· Channel state information (CSI) feedback for TM3 and TM4
To assist the scheduling at the eNB, the UE measures its channel by utilizing RS and provides the channel state information (CSI) to eNB. In this study, the existing CSI feedback information including a rank indicator (RI), precoding matrix indicator (PMI), and channel quality indicator (CQI) could be reused as the baseline assumption. For the OL MIMO, RI and CQI are feedback to eNB, whereas for CL SU-MIMO, RI, PMI, CQI are feedback to eNB. 
For the CL MIMO, the best PMI is reported from UE. Once receiving the reported CSI from UEs, eNB pairs UEs reporting the same PMI. However it would lead to low pairing probability of UE paring at scheduling. Thus the system performance would suffer. To improve the system performance with same precoder restriction, CSI improvement methods that can increase pairing probability can be considered for MUST. One possible way is reporting multiple PMIs along with corresponding CSI from UEs. In this case, UEs are reporting not only the best PMI/CQI, but also the other (k-1) PMIs in the codebook and corresponding CQI, where k is the total number of reported PMIs. The knowledge of multiple PMIs and corresponding CQI would provide necessary information for eNB to find UE pairs, thus increasing the pairing probability. 
Proposal 1: CSI improvement method for the same precoder case to increase UE pairing probability can be considered.

· Scheduling methodology
Once the RI, PMI, and CQI reported from the UEs are available, the eNB conducts resource allocation to its served UEs by using the proportional fair (PF) scheduling algorithm for both orthogonal multiplexing access (OMA) based on OFDMA which is the same as the current LTE operation and multi-user superposition coding, e.g., NOMA, as follows. For simplicity, the multiplexing order of superposition coding is assumed to be two with only one layer per UE. As shown below, for NOMA, dynamic switching of NOMA and OMA is implemented.
1. Start from the first subband (i.e., Subband #1 )
2. Select one of the pair of users as (UE1, UE2) from the serving cell. Single user is selected for the OMA. For NOMA, define the combination for the rank of the paired UEs as (m-n), where m denotes the rank for NOMA UE1 with IC (near UE), and n denotes the rank for NOMA UE2 without IC (far UE). In 2x2 system, there are several different combinations of rank for NOMA paired UEs as followed. It is also noted that the combination of the precoder among paired NOMA UEs is checked when the same precoder case is assumed.
· Rank (1-1): rank 1 for UE1 with IC, rank 1 for UE2 without IC
· Rank (1-2): rank 1 for UE1 with IC, rank 2 for UE2 without IC
· Rank (2-1): rank 2 for UE1 with IC, rank 1 for UE2 without IC
· Rank (2-2): rank 2 for UE1 with IC, rank 2 for UE2 without IC
We note that rank combination (1-2) is excluded. This is because it would be difficult for UE1 with IC to decode the signal and cancel the interference from UE2 with such rank combination.
3. Select one of the transmission power sets from the predetermined multiple transmission power sets for paired NOMA UEs where the predetermined transmission power sets (α1, α2) are, for example, (0.05, 0.95), (0.1, 0.9), …, with a constraint of the total transmission power of 1 (α1+α2 =1.). Note that full transmission power is assumed for the OMA case. 
4. Calculate the scheduling SINRs for NOMA using the reported CQI assuming OMA and the power set of (α1, α2). Computation of scheduling SINR for NOMA UEs is based on an approximation of the received SINR after power-domain multiplexing as follows. 
i. Scheduling SINR of NOMA for UE1 with IC: α1×CQIUE1 

ii. Scheduling SINR of NOMA for UE2 without IC:  α2 /(α1 + 1/ CQIUE2)

iii. Scheduling SINR of OMA for UE1: CQIUE1 
We note that UE1 and UE2 are selected such that CQIUE1 is always higher than CQIUE2. We also assume that transmission power, α1, for UE1 is always lower than that, α2, for UE2. Then, UE1 is assumed to apply the perfect interference cancellation to remove the interference from the other user, while UE2 directly decodes its own signal. 
5. Calculate the multi-user PF metric by  
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where U denotes the candidate user set. Terms 𝑇(𝑙) and (l |U, P) denote the average throughput and instantaneous throughput of UEl, respectively. P denotes the allocated power sets.
6. Repeat Steps 2-5 with all of the combinations of candidate transmission power sets (α1, α2) and user sets (UE1, UE2). Similarly, the PF metric of OMA is also computed.
7. Select the transmission power and user sets with the highest PF metric in Step 6. Note that the PF metrics for both OMA and NOMA are compared and selected.
8. Conduct the Steps from 1 to 7 for the remaining subbands. 
When step 8 is finished, transmission power sets are optimized in each subband, and thus transmission power for a paired UE may be different for different subbands. Also, a paired UE (OMA or NOMA) and the need for IC are different for the scheduled subbands. For example, for UE#3, subband#4 is required to cancel the interference from UE#2, while the subband #5, #6, and #8 are not required as shown in Fig. 1. These assumptions may increase the complexity of decoding process at the receiver side depending on the receiver assumption. Thus, in our evaluation, alignment for the users and transmission power sets are further conducted to mitigate the complexity by the following steps. 
9. Check and count the number of subbands whether IC is required or not for each scheduled user. 
i. For a UE of interest, if the number of subbands requiring IC is the largest, those subbands are retained as the scheduled subbands requiring IC and other subbands for this UE are released. For example, for UE#1, subband #1, #2, #3, #6 and #8 are selected. 
ii. For a UE of interest, if the number of subbands not requiring IC is the largest, those subbands are retained as the scheduled subbands not requiring IC and other subbands for this UE are released.
iii. For a UE of interest, if the number of subbands not having the paired UEs is the largest, those subbands are retained as the scheduled subbands not having the paired UEs, i.e., OMA subbands, and other subbands for this UE are released.
10. Repeat Steps 2-9 for the released subband.
11. Align the transmission power sets for each user in the scheduled subband. Specifically, optimal transmission power sets for each user are exhaustively searched to achieve the highest PF metric. Note that it the different transmission powers are not allocated to different subbands of the same UE. With this restriction, the transmission power sets is uniquely determined by each user. It is also noted that the power optimization is conducted, separately (i.e., subband#1, #2, #3, #6, #8 and subband#4, #5, separately).
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Figure 1 – Example of the alignment for user sets and transmission power sets
· Adaptive modulation and coding 
After all the subbands are allocated at eNB, modulation and coding schemes (MCS) for data transmission is selected. Average SINR over scheduled RBs is calculated first, then eNB checks the BLER for each MCS at the calculated average SINR and selects the single MCS with the maximum MCS x (1-BLER) for final data transmission. It should be noted that the target BLER is set to less than 0.1. 
The above series of the operation is just one example and enhancements for the advanced scheduling schemes for the improvement of NOMA scheduling SINR could be considered, e.g. scheduling SINR estimation considering precoding vector/matrix of superposed UEs in order to improve NOMA SINR estimation at eNB.
3. Receiver candidates

For handling intra-cell interference, R-ML is assumed in this document. To enable robust intra-cell interference cancellation, transmission power for other paired UEs needs to be known at the receiver side. It is important to note that resource alignment and transmission power alignment highly impact the system performance and largely affect the receiver complexity and signaling overhead. For example, when resource allocation is not aligned between the paired UEs in order to achieve frequency scheduling gain through subband scheduling, the application of CWIC is considered to be unrealistic. In other word, CWIC can be assumed when the resource allocation is aligned among UEs. In order to achieve frequency scheduling gains, symbol level IC such as R-ML would be a good candidate. 
4. Simulation Evaluations
We focus on the macro scenarios and reusing NAICS scenario 1 for evaluation. The simulation parameters are shown in Table A-I in the Annex A which is aligned with the NAICS scenario 1 [3] and agreed assumptions [1]. In the following evaluation results, we assume 2 x 2 antenna configuration with SU-MIMO of TM4. When NOMA is applied, up to two superposed date layers from two co-scheduled UEs per spatial layer are supported and the maximum number of spatial layers in a cell is two. We assume 4 power sets for power allocation, where power ratios which are most likely to be chosen are selected, i.e., (α1, α2), where α1=0.14, 0.17, 0.23, 0.36. In NOMA scheduling, dynamic switching among OMA and NOMA is applied. Transmission power alignments for different subbands and the same precoder for paired UEs are assumed. The scheduling SINRs of superposed users are approximated from LTE OFDMA implicit feedback. The R-ML receiver is adopted for cell-center UE to deal with the inter-user interference. The modeling of link-to-system mapping for the R-ML is provided in Annex B. Besides, performance of NOMA with ideal IC, i.e., interference from cell-edge UE is assumed be perfectly cancelled at cell-center UE, is also provided. In the evaluation, full buffer and non-full buffer traffic are assumed. For the full buffer case, the number of UEs per cell is set as 10. In order to investigate the performance gains of NOMA, the cell throughput and cell-edge user throughput are evaluated. The cell throughput is defined as the average aggregated throughput for users scheduled per a single cell, while the cell-edge user throughput is defined as the 5% value of the cumulative distribution function (CDF) of the user throughput. For the non-full buffer case, FTP traffic model 1 with resource utilization (RU) of around 60%, 70%, 80% and 90% are assumed. For performance metrics of FTP traffic, 5/50/95% and mean user perceived throughput (UPT) are evaluated. In addition, ratio of served cell throughput over offered cell throughput is also provided. The evaluations are conducted for the subband user pairing and scheduling where data transmission of a user only occupies a part of the whole bandwidth.
Table II-a: Performance comparison of NOMA and OMA (OFDMA based) with full buffer traffic
	Throughput
(Mbps)
	OMA
	NOMA
R-ML
	NOMA
Ideal IC

	
	
	
	

	
	
	NOMA
	Gain
	NOMA
	Gain

	Cell
	23.10
	25.96
	12.38%
	26.00
	12.54%

	Cell-edge
	0.4585
	0.5285
	15.27%
	0.5304
	15.68%


Table II-b: Performance comparison of NOMA and OMA (OFDMA based) with FTP traffic

	Throughput (Mbps)
	Packet size= 0.1 Mbyte, Packet arrival rate =11.0
	Packet size= 0.1 Mbyte, Packet arrival rate =12.0

	
	OMA
	NOMA
R-ML
	NOMA
Ideal IC
	OMA
	NOMA
R-ML
	NOMA
Ideal IC

	
	
	NOMA
	Gain
	NOMA
	Gain
	
	NOMA
	Gain
	NOMA
	Gain

	Average UPT
	13.52
	13.92
	2.96%
	13.99
	3.48%
	11.20
	11.74
	4.82%
	11.78
	5.18%

	95% UPT
	40.00
	42.11
	5.28%
	42.11
	5.28%
	36.36
	36.36
	0.00%
	36.36
	0.00%

	50% UPT
	8.989
	9.412
	4.71%
	9.524
	5.95%
	7.143
	7.619
	6.66%
	7.692
	7.68%

	5% UPT
	1.762
	1.861
	5.62%
	1.865
	5.85%
	1.325
	1.435
	8.33%
	1.439
	8.64%

	RU (%)
	65.65%
	64.89%
	-
	64.78%
	-
	73.99%
	72.89%
	-
	72.80%
	-

	Served vs. offered
	0.9981
	0.9982
	-
	0.9982
	-
	0.9974
	0.9977
	-
	0.9976
	-

	Throughput (Mbps)
	Packet size= 0.1 Mbyte, Packet arrival rate =13.5
	Packet size= 0.1 Mbyte, Packet arrival rate =14.5

	
	OMA
	NOMA
R-ML
	NOMA
Ideal IC
	OMA
	NOMA
R-ML
	NOMA
Ideal IC

	
	
	NOMA
	Gain
	NOMA
	Gain
	
	NOMA
	Gain
	NOMA
	Gain

	Average UPT
	7.872
	8.677
	10.22%
	8.696
	10.46%
	5.72
	6.824
	19.31%
	6.848
	19.73%

	95% UPT
	27.59
	28.57
	3.57%
	28.57
	3.57%
	20.51
	23.53
	14.71%
	23.53
	14.71%

	50% UPT
	4.598
	5.229
	13.73%
	5.263
	14.47%
	3.054
	3.865
	26.58%
	3.884
	27.20%

	5% UPT
	0.8164
	0.963
	17.92%
	0.9604
	17.64%
	0.526
	0.6957
	32.21%
	0.6903
	31.19%

	RU (%)
	85.32%
	83.94%
	-
	83.91%
	-
	91.63%
	89.74%
	-
	89.69%
	-

	Served vs. offered
	0.9965
	0.9969
	-
	0.9969
	-
	0.9950
	0.9958
	-
	0.9959
	-


As shown in Table II-a, we can observe that NOMA can achieve sufficient performance gain compared to OMA for full buffer traffic, when the practical R-ML receiver is applied for inter-user interference even with the same precoder restriction. The performance of NOMA with R-ML is slightly lower than, but very close to that with ideal IC. As shown in Table II-b, performance of NOMA with R-ML for FTP traffic is provided, with RU ranging from about 60% to 90%. From the results, we can observe that performance gains of NOMA with both R-ML and ideal IC improve when RU increases. It indicates that performance of NOMA highly depends on the traffic load of FTP traffic. With middle traffic load, i.e. RU= 60% or 70%, NOMA gains are limited due to the low pairing probability of UE pairing at scheduling. However, when traffic load is high, i.e. RU increases to 80% or 90%, significant performance gain of NOMA can be achieved for both average UPT and 5% UPT. Similar to the full buffer case, there is no difference between the performance of NOMA with R-ML and ideal IC for FTP traffic case. It should be noted that some combinations of MCSs for NOMA paired users degrades the link performance of the R-ML. For example, when assuming that modulation order of cell-center UE is 64QAM and cell-edge is 16QAM, such combination might result in poor performance with the R-ML. However, the probability of such kinds of MCS combinations is very limited in the system. Therefore, it can be seen that the performance loss of NOMA with R-ML compared to that with ideal IC is negligible. 
In Table III, performance of NOMA with multiple PMIs reporting is shown. FTP traffic model is assumed. The performance of NOMA with 1 PMI/CQI reporting and 2 PMI/CQI reportings are provided for comparison. From the results, we can observe that larger performance gains for NOMA can be achieved when multiple PMIs reporting is applied, compared to those with 1 PMI reporting. This is because the knowledge of multiple PMIs and corresponding CQI would provide necessary information for eNB to find UE pairs, thus increasing the pairing probability. Therefore, the system performance improves. 
Table III: Performance of NOMA with multiple PMIs reporting (FTP traffic)
	Throughput (Mbps)
	Packet size= 0.1 Mbyte, Packet arrival rate =13.5
	Packet size= 0.1 Mbyte, Packet arrival rate =14.5

	
	OMA
	NOMA R-ML
w/ 1 PMI reporting
	NOMA R-ML
w/ 2 PMIs reporting
	OMA
	NOMA R-ML
w/ 1 PMI reporting
	NOMA R-ML
w/ 2 PMIs reporting

	
	
	NOMA
	Gain
	NOMA
	Gain
	
	NOMA
	Gain
	NOMA
	Gain

	Average UPT
	7.872
	8.677
	10.22%
	9.002
	14.35%
	5.72
	6.824
	19.31%
	7.148
	24.97%

	95% UPT
	27.59
	28.57
	3.57%
	29.63
	7.41%
	20.51
	23.53
	14.71%
	24.24
	18.17%

	50% UPT
	4.598
	5.229
	13.73%
	5.442
	18.36%
	3.054
	3.865
	26.58%
	4.041
	32.34%

	5% UPT
	0.8164
	0.963
	17.92%
	1.0102
	23.74%
	0.526
	0.6957
	32.21%
	0.7317
	39.05%

	RU (%)
	85.32%
	83.94%
	-
	83.22%
	-
	91.63%
	89.74%
	-
	89.27%
	-

	Served vs. offered
	0.9965
	0.9969
	-
	0.9970
	-
	0.9950
	0.9958
	-
	0.9960
	-


Observation 1: R-ML provides a similar NOMA gain to that for ideal IC although further evaluation would be needed.

Observation 2: For the multiuser superposition scheme that allows the UEs with the same precoder to be paired, UE reporting of multiple PMIs/CQIs increases the opportunity for UE paring and improves the UE throughput.
5. Conclusion
In this contribution, we presented NOMA as an enhanced multiuser superposition transmission schemes and explained evaluation methodologies for NOMA. Regarding the NOMA receiver, we assumed the practical R-ML and provided the link-to-system modeling of the R-ML. The validation of the modeling was also confirmed as shown in the Annex B. Based on those methodologies and receiver assumptions, we provided the system level evaluation results. According to the current evaluation results, we could make the following proposal and observation.
Proposal 1: CSI improvement method for the same precoder case to increase UE pairing probability can be considered.
Observation 1: R-ML provides a similar NOMA gain to that for ideal IC although further evaluation would be needed.
Observation 2: For the multiuser superposition scheme that allows the UEs with the same precoder to be paired, UE reporting of multiple PMIs/CQIs increases the opportunity for UE paring and improves the UE throughput.
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Annex A: Simulation assumption
Table A-I. Simulation parameters

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites (ISD = 500 m)

	System bandwidth per carrier
	10 MHz 

	Carrier frequency 
	2.0 GHz

	Total BS TX power (Ptotal per carrier)
	46 dBm

	Distance-dependent path loss
	ITU UMa

	Penetration loss
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU Uma

	Antenna pattern
	3D (referring to TR36.819)

	Antenna Height: 
	25 m

	UE antenna Height
	1.5 m

	Antenna gain + connector loss
	17 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa

	Antenna configuration
	BS: 2Tx (0.5 lambda), cross-polarized
UE: 2Rx (0.5 lambda), cross-polarized 

	Number of UEs per cell 
	10

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	minimum distance from macro-cell to UEs
	35 m

	Traffic model
	FTP: 0.1 or 0.5 MByte, RU=60%, 80%, 90%
Full buffer (10 UEs/cell)

	UE receiver
	· MMSE-IRC is assumed for inter-cell interference suppression (IRC for rank1 UE both in OMA and NOMA, MMSE for rank 2 UE both in OMA and NOMA)
· R-ML for inter-spatial-layer (rank 2 UE both in OMA and NOMA)
· R-ML/ideal SIC for inter-user interference

	Transmission  mode 
	2x2 TM4 (BLER curves: ideal channel estimation)

	UE noise figure
	9 dB

	UE speed
	3 km/h

	Cell selection criteria
	RSRP

	Handover margin
	3 dB

	Scheduling algorithm
	Proportional fairness maximization

	Control delay (scheduling, AMC)
	5 msec

	HARQ 
	Chase combining

	Round trip delay (HARQ)
	8 msec

	Granularity of CSI feedback 
	5 msec

	Granularity of rank adaptation
	100 msec

	CQI quantization 
	Yes

	Codebook
	LTE Rel. 8

	Power ratio sets
	4 power sets, i.e. (α1, α2), where α1=0.14, 0.17,  0.23, 0.36; 

	OLLA
	No

	Number of superposed signals in superposition transmission
	2

	Receiver impairment modeling for demodulation

	Non-ideal CRS-based channel estimation

	EVM
	Tx EVM: 8%, UE Rx EVM: 4%


Annex B: Link-to-System Modeling of R-ML receiver
We present the link-to-system modelling scheme when the R-ML is employed for NOMA, which is applied in our system-level evaluation. The link-to system modelling of the R-ML receiver was provided in [3] for handling of inter-cell interference in Rel-12 NAICS. For the inter-cell interference handling, there are numerous sets of the received signal power ratios between desired signal and interfering signal. Thus, it is challenging to directly apply a well-known effective exponential SINR mapping (EESM) scheme. However, for NOMA, unlike Rel-12 NAICS, the situation is different since the transmission power sets between superposed UEs would be restricted, and thus the existing ESSM scheme would be applied. Figure B1 shows the EESM scheme for the NOMA. For a given transmission power set (p1, p2) and the modulation scheme for the cell-center UE, the other UE’s modulation order will be determined. Therefore, the number of parameters for the NOMA would be significantly less than those for Rel-12 NAICS. If the parameter, , is properly adjusted, the EESM is considered to be more accurate since the impact of channel estimation and actual decoding performance can be taken in to account. 

[image: image5]
Figure B1 – L2S mapping for NOMA applying R-ML.

For the validation for above L2S mapping scheme, we conducted the link evaluation. In the evaluation, we assumed the same simulation assumption described in Sect. 2 of [4]. In summary, we assumed 2-by-2 antenna configuration and NOMA with Gray mapping as a superposed scheme. Fixed transmission rank and precoder are assumed for both cell-center and cell-edge UEs as follows:

· Rank-1/1: Rank 1 codebook index 0 for both UEs

· Rank-2/2: Rank 2 codebook index 1 for both UEs

· Rank-2/1: Rank 2 codebook index 1 for cell-center UE and rank 1 codebook index 0 for cell-edge UE
The modulation order of cell-edge UE is always QPSK and the transmission power ratio for cell-center UE is set to 0.14, 0.23, and 0.36. The parameter for the EESM,  was adjusted such that the BLER to effective SINR curve is well aligned with the reference curve on BLER = 0.1. Figure B2, B3 and B4 show the validation results for the cell-center UE with QPSK, 16QAM and 64QAM, respectively. From the results, it was observed that we can accurately estimate the BLER performance of R-ML to be used in the system level simulation by the proposed scheme.
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(a) Rank-1/1                                     (b) Rank-2/1                                       (c) Rank-2/2
Figure B2. Validation results for cell-center UE (R-ML) assuming QPSK with code rate = 0.33
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(a) Rank-1/1                                     (b) Rank-2/1                                       (c) Rank-2/2
Figure B3. Validation results for cell-center UE (R-ML) assuming 16QAM with code rate = 0.39
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 (a) Rank-2/1                                    (b) Rank-2/2
Figure B4. Validation results for cell-center UE (R-ML) assuming 64QAM with code rate = 0.47
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