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Introduction
During RAN1#85 meeting, system-level evaluation assumptions were agreed for MA in mMTC scenario – urban coverage for massive connection [1]. In this contribution, we discuss link-to-system (L2S) interface evaluation methodology for non-orthogonal MA. And SLS simulation results are also presented.
Discussions on PHY abstraction methodology of non-orthogonal MA schemes
Abstracting the link performance plays an important role in simple and accurate performance evaluation of wireless communication system. This L2S interface is often referred to as a PHY abstraction model and is based on an effective signal-to-noise ratio (SNR) mapping (ESM) concept. A number of PHY abstraction methods have been introduced for linear receiver, which can be classified as exponential, or Shannon capacity ESM (EESM), mapping function method with mutual information, such as received-bit information rate (RBIR) and mutual information per bit (MMIB). However, for non-orthogonal multiple access system, non-linear receiver is applied and accurate link estimation becomes challenging due to no direct derivation for post-processing SINR on every subcarrier.



PHY abstraction is implemented with two processes: effective SNR calculation and curve fitting for , introduced in detail as follows. In this contribution, only the post-processing SINR upper bound is calculated and by adjusting the factor , BLER corresponding to the effective SNR is made to approaching to link level simulation results.
Effective SNR calculation 
The ultimate goal of L2S interface is to obtain a single estimate, the effective SNR, for a user. To achieve this goal, the effective SNR is calculated with the following three steps:

· Step1: For user k, calculate the post-processing SINR upper bound on subcarrier n. PIC (Perfect Interference Cancellation) is usually taken as the upper bound for SINR estimation [2]. With PIC, this SINR upper bound for nth subcarrier is calculated as

,



where ,  is the effective channel for user k in subcarrier n, and  is the covariance matrix of thermal noise plus the inter-cell interference.
· Step2: With the post-processing SINR, calculate the detected capacity for nth subcarrier


 or .


where is the fitting factor and predetermined system parameter. With both of the above formulas, almost the same performance can be achieved with different value of 
· Step3: Calculate the effective SNR of user k

,


where is the mean capacity on the simulated bandwidth, . 
After the post-processing SINR upper bound is calculated in Step 1, the effective SNR can also be calculated with received-bit information rate (RBIR) metrics [3]. The step 2 and step 3 should be modified correspondingly.


Curve fitting for 



The effective SNR is calculated under different fitting factor . The optimal  should be selected with reference to the simulation results of link level. The process of curve fitting for is as follows:
· 
Step1: Under given simulation conditions, run the link level simulation and get for the ith SINR, which is the average BLER among users with the same diversity
· 

Step2: For every diversity degree and under same simulation conditions as link level simulation, calculate the post-effective SNR with a given and search the corresponding BLER by looking up the AWGN SNR-BLER table. Get the mean for BLER on the ith SNR, , among subframes and among the users with the same diversity degree. 
· Step3: Calculate the mean square error of BLER





In the searching space of , find the optimal ,, to meet minimum MSE, that is 



is the fitting results and used in the system level simulation.
Simulation results for L2S
The simulation parameters are shown in Table I. 
Table I  L2S Simulation parameters
	Parameters
	value

	Channel type
	ITU NLOS

	Number for seed 
	1 seed and 10000 realization

	Number PRB
	4

	MCS 
	QPSK, 1/2

	Antenna configuration
	1 Tx 2Rx

	Power allocation
	No pathloss difference

	Receiver
	Turbo-MPA (outer / inner  iteration number: 3 / 3)

	PDMA pattern matrix
	


	Metric
	MSE between link level simulation BLER and L2S calculation BLER

	Number of UEs
	8





In the simulation, PDMA pattern matrix  is used for the simulation, by which maximal 8 users can share one PRB groups with 4 PRBs. The first 4 users use the patterns with the diversity degree of 2, and the other 4 users have diversity degree of 1. The L2S processes for these two kinds of users are implemented separately. The minimal mean square error (MSE) and optimal  are shown in Table II.

Table II L2S simulation results
	
	User1-4 
	User5-8

	Minimal MSE 
	0.0039 
	0.0017

	
Optimal 
	0.87 
	0.92 





In this simulation, the detected capacity for nth subcarrier is calculated by . Figure 1 and Figure 2 give the results for curve fitting with optimal for user 1~4 with diversity degree 2 and user 5~8 with diversity degree 1, respectively.
[image: ]

Figure 1. Curve fitting results with optimal for user 1~4
[image: ]

Figure 2. Curve fitting results with optimal for user 5~8
Simulation results for UL mMTC
In RAN1#85, system-level evaluation assumptions were agreed for MA in mMTC scenario. In this part, the simulation results are shown. Table III gives the simulation parameters.





Table III System level simulation parameters.
	Attributes 
	Values or assumptions 

	Layout 
	Single layer 
--Macro layer: Hex. Grid 

	Inter-BS distance 
	1732m 

	Carrier frequency 
	700MHz 

	Simulation bandwidth 
	4 PRB

	Channel model 
	3D UMa 

	Tx power 
	UE: Max 23dBm

	BS antenna configuration 
	Rx: 2 

	BS antenna pattern 
	Follow the modeling of TR36.873 

	BS antenna height 
	25m

	BS antenna tilt 
	100

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

	BS receiver noise figure 
	5 dB 

	UE antenna elements 
	1Tx

	UE antenna height 
	1.5m 

	UE antenna gain 
	-4dBi 

	Traffic model 
	Non-full buffer small packet. Packet size=20 bytes

	UE distribution 
	20% of users are outdoors (3km/h)
80% of users are indoor (3km/h) 
Users dropped uniformly in entire cell

	BS receiver 
	Turbo-MPA for PDMA, 
Single user MMSE receiver for OFDMA

	UL power control 
	Open loop power control with Po=-95dBm and alpha = 1

	Channel estimation
	Ideal




The methodology for the simulation is described in [4] and . The users in the simulation are assumed to adopt the grant-free transmission scheme, and collide when they occupy the same RE groups and pattern. For OFDMA, the signal of collided users is modelled as interference. For PDMA, the base station tries to detect those collided users by Turbo-MPA algorithm.  The results are shown in Figure 3.

[image: ]
Figure 3. System level simulation results comparing with OFDMA

In the results, at 1% packet dropping rate, the packet arrival rate is about 300 packet/s/cell/MHz for OFDMA and about 980 packet/s/cell/MHz for PDMA, i.e. PDMA provides 3.26 times packet arrival rate compared with OFDMA. 
Conclusion
In this contribution, we discuss the PHY abstraction methodology of non-orthogonal MA schemes. Because the non-linear detector in non-orthogonal MA brings challenges to PHY abstraction, the PHY abstaction methodology should be discussed for the alignment of system level simulation. The L2S results and mMTC SLS results are also given. From simulation results, it is observed that PDMA can support more connections than OFDMA under the scenario of mMTC.
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