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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In the email discussion [94b-NR-05] PHY abstraction methods for MMSE-Hard IC receiver, ESE-SISO receiver and a method applicable to both EPA-hybrid IC and MMSE-Hard IC type of receivers are approved in [1]. 
In this contribution, we provide additional SLS results using the link-to-system mapping method proposed in section 2.1.1 in [1] for MMSE hard IC type of receiver.
2 PHY abstraction
In the Step 1 for calculating the post-processing SINR for PHY abstraction of MMSE-Hard IC receiver, using the same notation as in [1], for each of the ith target user with received signal and noise plus intra-/inter-cell interference given as

						 (1)

						  (2)
respectively, the weight of linear MMSE receiver can be then calculated as 

 						(3)
with the covariance of zi
								(4)
where (.)* denotes Hermitian transpose and is the covariance matrix of noise plus inter-cell interference. Then the corresponding post-processing (pp)-SINR of the ith user can be calculated as

 							(5)
In the above description it is not clear how inter-cell interference is actually modelled and reflected in the calculation of pp-SINR. In this contribution, we assume the inter-cell inference covariance matrix  is whitened, e.g. due to symbol level scrambling. 
The remaining steps including effective SINR mapping, interference cancellation and modelling of realistic channel estimation are following the method given in section 2.1.1 in [1].
3 System level simulation results for mMTC 
The results of PDR vs. PAR, CDF of pp-SINR based on the above method are given in Figure 1. The evaluation assumptions are also given in the Appendix. Note the receiver for SCMA and LCRS is chip-MMSE with hard IC, and the receiver for MUSA is block-MMSE with hard IC.
From the results, it is observed that SCMA with 2 branches (ML-SCMA in the legend) performs the best among the NOMA schemes, 2.7% better than LCRS, and 7% better than MUSA with SF=2, and 105% better than MUSA with SF=4. The relative performance is similar to the results we presented in [2].

	[image: ]
(a) PDR vs. PAR
	[image: ]
(b) CDF of pp-SINR


Figure 1. PDR vs. PAR and CDF of pp-SINR 

Table 1. PAR@1% target PDR
	
	PAR @1% PDR
	Gain of SCMA with 2 branches over other NOMA schemes

	SCMA, 2 branches
	760
	/

	SCMA, 1 branch
	710
	7.0%

	MUSA, SF=2
	710
	7.0%

	MUSA, SF=4
	370
	105%

	LCRS
	740
	2.7%



4 Conclusion
[bookmark: _GoBack] In this contribution, we provide additional system level evaluation results for NOMA MMSE Hard IC receiver using the proposed method in [1]. We observe that when MMSE IC receivers are applied, SCMA with 2 branches (ML-SCMA in the legend) performs the best among the NOMA schemes, 2.7% better than LCRS, and 7% better than MUSA with SF=2, and 105% better than MUSA with SF=4.
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Appendix
[bookmark: _Ref505757384]Table 1. System-level evaluation assumptions
	[bookmark: OLE_LINK30]Parameters
	mMTC

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m

	Carrier frequency
	700MHz

	Simulation bandwidth
	6 PRBs as starting point

	Resource allocation
	1PRB+6ms per UE

	Number of UEs per cell
	100

	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 
 (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), 2 TXRU;
dH = dV = 0.5λ;
BS antenna downtilt: 92

	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

	UE power control
	Open loop PC, P0=-110, a=1

	HARQ/repetition
	maximum number of HARQ transmission=8

	Channel estimation
	Realistic

	BS receiver
	Block-wise MMSE for MUSA, chip-wise MMSE for LCRS/SCMA

	Traffic model
	Packet arrival per UE: Poisson arrival with arrival rate λ;
Packet size: 20~200 bytes Pareto + higher layer protocol overhead of 29 bytes, as defined in TR 45.820 to be the starting point.
In the case of packet segmentation, use 5 bytes packet segmentation overhead for each TB in the SLS evaluation of the NOMA schemes. 

	TB size
	40 bytes

	Packet dropping criterion
	8 HARQ transmission or 1s latency
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