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Introduction
In RAN1#84bis meeting [1], it was agreed that
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases;
· SLS is used for comparison of proposals, and verification with traffic/scheduling/multi-cell interference dynamics.
In order to study the system-level performances of the various non-orthogonal multiple access schemes, the methodology should first be agreed in order to facilitate meaningful and fair comparisons. In this contribution, we focus on the system level simulation methodology and in particular on the physical layer abstraction methodology for the uplink. When applied for the mMTC scenario, we described how to compare the main performance metric of connection efficiency and connection density.

Connection efficiency 
The connection density/connection efficiency is the main KPI for the mMTC scenario [2]. The evaluation needs to show what connection density could guarantee a system outage rate (packet drop rate, PDR). 
It is noted that the connection density would results in a system traffic load. When the connection density is increased, the traffic load would be increased accordingly. Assume the device number is N in the system per km2 and the average inter-packet arrival time is Tpackect (in second), the system traffic loading rate is given by L= N / Tpackect (in packets/km2/s).
[image: ]
Figure.1 Schematic diagram of PDR vs. system traffic loading
The evaluation would produce the PDR vs number of devices N per km2. It could in turn translate into PDR vs system traffic loading as shown in Figure 1. To guarantee a PDR requirement %, the maximum allowed traffic loading rate L for candidate scheme can be observed, as illustrated in Figure 1. From this figure, one could found that Scheme 2 could support higher traffic loading, and consequently higher connection density / connection efficiency than Scheme 1. In [3], this figure is used to present the evaluation results. The connection density could be further derived by the relationship of traffic loading and the number of devices per km2, as described in [4].
[bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK51]Proposal 1: The packet drop rate vs system traffic loading curve could be employed to observe the connection density capability of different schemes.
Physical layer abstraction method
In this section, a new PHY layer abstraction approach is proposed for SLS evaluation of non-orthogonal multiple access schemes. This method is characterized by both its simplicity and accuracy, with specified lookup tables of parameters. The general approach is to calculate the post-processing-SINR (pp-SNR) based on the perfect interference cancellation (PIC) receiver bound on each resource element (RE) or RE groups, and map to the effective SNRs by using specific effective SNR mapping (ESM) functions with recommended parameters. The estimated BLERs can be obtained by looking up the effective SNRs in a pre-stored SISO AWGN link performance table.
Such PHY abstraction of non-linear receiver for non-orthogonal multiple access is actually similar to that of non-linear detector for MIMO. In general, it contains the following four steps:
· Step 1: Express the transmission by a MIMO system model [5]
                                                                      (4)
where  is the received symbol vector,  is the effective channel matrix, taking into account of real channel realizations and the user signatures.  is the transmitted symbol vector, and  is the AWGN noise vector plus the inter-cell interference with covariance matrix .

· Step 2: Apply one receiver bound [6] , which is the PIC bound, to calculate the pp-SINR of the  user or data layer for each RE or RE groups (assume each RE group contains K REs)
,                                                             (5)
where  is the effective channel vector of the  user and  is the covariance matrix of AWGN noise plus inter-cell interferences. The calculation of pp-SNRs relies on the modeling of receiver type and inter-cell interference.

· Step 3: Calculate the effective SNR by using the pp-SINRs and the curve fitting parameter  obtained from link level training, such as
,                         (6)
      where  is the ESM function. Both Shannon capacity ESM function
                                                       (7)
and mutual information ESM function 
,                                                     (8)
are considered, where MI() is a function of calculating the constellation constrained capacity of       received symbols [7]. 

· Step 4: Get the BLER value by looking up the SISO AWGN link performance table with the derived effective SINR value.

Training of parameter β
The training method is to compare the BLERs from link-level simulations and the estimated ones with certain amount of  values for a long term average of channels.  For each of the  tested, the BLER mean square errors (MSE) from real link-level simulations ( and the proposed estimation method can be calculated by 
,                             (9)
where samples of interested noise powers are assumed. The recommended  can be selected based on the MSE calculation. Note that the β values for different Channels (such as Umi, TDL-A, TDL-C, and etc.) and antenna configurations (such as 1T2R and 1T4R) are similar, and the final results are averaged among them. The dimension of  will be (1) Number of active UEs; (2) MCS selection.
Numerical verifications of the proposed physical layer abstraction method are presented in the appendix.

Observation 1: The proposed physical layer abstraction method accuracy has been verified through estimation of the link-level performances of MAs with R-ML receiver and MMSE-SIC receiver. 
Proposal 2:  The proposed physical layer abstraction method is adopted as one of the approaches for UL SLS evaluation of different multiple access schemes. 

Example with Sparse Coding 
In the first step of Section 3, different schemes can be modelled by different signatures (containing the information of codebooks/sequences/interleavers). Taking SCMA as the example, 6 SCMA signatures are provided in a signature matrix below, with spreading factor equal to 4,
,                                                               (10)
where every “1” element in each column implies the spreading symbol position over 4 REs. For UL transmission, UEs will be allocated by BS with specific signatures in granted case, or they can randomly select their signatures from the signature pool in grant-free case.
Given the receiver antenna number  and the spreading signature for the  user within total  users, the system model of UL SCMA SIMO scenario is given by
,                                                         (11)
where  is a  vector of received symbol,  is a  vector of transmitted symbols,  denotes the effect channel of the  user, taking into account of real channel realizations and the user signatures with   , and .  represents the AWGN noise plus inter-cell interference vector with covariance matrix . 

Conclusions
In mMTC evaluation, to compare the connection efficiency for different schemes, we propose
Proposal 1: The packet drop rate vs system traffic loading curve could be employed to observe the connection density capability of different schemes.

For link to system mapping, we have
Observation 1: The proposed physical layer abstraction method accuracy has been verified through estimation of the link-level performances of MAs with R-ML receiver and MMSE-SIC receiver. 
Proposal 2:  The proposed physical layer abstraction method is adopted as one of the approaches for UL SLS evaluation of different multiple access schemes. 
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Appendix: Verification of the PHY Abstraction Method

Table A-1. System parameters for verification
	Parameters
	Values

	MA schemes
	SCMA, LDS, MC-CDMA

	Bandwidth
	4 PRB

	MCS
	SCMA: 8 points codebook, CR=1/3, 1/4…
LDS: QPSK, CR=1/2
MC-CDMA: QPSK, CR=1/2

	Channel Model
	ITU-UMi 3km/h

	Antenna Configuration
	1T2R

	Channel Estimation
	Perfect

	Num. of UEs
	[1 4 6]

	Receiver type in LLS
	SCMA: MPA
LDS: MPA
MC-CDMA: MMSE-SIC




SCMA (MPA receiver)
Shannon capacity ESM, CR=1/2, 8 points codebook
[image: ][image: ][image: ]
1UE,                                       4UE,                                      6UE,       

MIESM, 8 points codebook
4 UE
[image: ][image: ][image: ]                Code rate= 1/4,                    Code rate= 1/3,                Code rate= 1/2, 
       6 UE  
[image: ][image: ][image: ]
Code rate= 1/4,                         Code rate= 1/3,                    Code rate= 1/2, 
Note here for MIESM, the  value is not sensitive to the code rate.

LDS (MPA receiver)
Shannon capacity ESM, CR=1/2, QPSK
[image: ][image: ][image: ]
1UE,                                  4UE,                                        6UE, 

MIESM, CR=1/2, QPSK
[image: ][image: ][image: ]
1UE,  β=0.98                                            4UE,  β=0.98                                             6UE,  β=0.96  


MC-CDMA (MMSE-SIC receiver)
Shannon capacity ESM, CR=1/2, QPSK
[image: ][image: ][image: ]
1UE,                                     4UE,  β=0.95                                        6UE,  β=0.92 

MIESM, CR = 1/2, QPSK
[image: ][image: ][image: ]
1UE,  β=0.97                                4UE,  β=0.94                                  6UE,  β=0.92
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