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1 Introduction
In this paper, we provide the system level evaluation on grant-free multiple accesses. More specifically, the proposed grant-free Repetition Division Multiple Access (RDMA) [1][2] scheme is evaluated and the simulation result is benchmarked with grant-free OFDMA.   
2 System level simulation setup
2.1
Simulation setting
Following the agreement on SLS parameters for UL mMTC scenario in urban coverage for massive connection in RAN1 #85[3] and the related e-mail discussions after RAN1 #86 [86-15][86-22], we list the common part of simulation setting for grant-free OFDMA and grant-free RDMA evaluations in Table 1. 
Table 1 SLS parameters for evaluations

	Attributes  
	Values or assumptions  

	Layout  
	Single layer - Macro layer: Hex. Grid  

	Inter-BS distance  
	1732m  

	Carrier frequency  
	700MHz  

	Simulation bandwidth  
	6 PRBs  

	Channel model  
	3D UMa 

	Tx power  
	UE: Max 23dBm 

	BS antenna configuration  
	Rx: 2

	BS antenna pattern  
	(M, N, P, Mg, Ng) = (10,1,2,1,1), 
2 TXRU, one TXRU maps to 10 antenna elements

	BS antenna height  
	25m 

	BS antenna tilt  
	96  

	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  
	FTP model 3 with average 20 devices per sector 

	Packet size
	Fixed 40 Bytes

	UE distribution  
	20% of users are outdoors (3km/h) 

	
	80% of users are indoor (3km/h)  

	
	Users dropped uniformly in entire cell  

	UL power control  
	Open loop power control 

	Channel estimation 
	Ideal channel estimation

	Channel coding
	LTE Turbo code


We also summarize other detailed system parameters for grant-free OFDMA and RDMA in Table 2. 

Table 2 detailed settings for evaluation
	Attributes
	OFDMA
	RDMA

	Waveform
	CP-OFDM as the UL waveform 
· UL DMRS overhead, 1 OFDM symbol out of 7 OFDM symbols
· 144REs per PRB

	Resource allocation
	A 40Bytes packet is segmented into 2 20Bytes RLC PDUs. 

· Bandwidth per user per transmission: 1 PRB
· Random selection 1 PRB out of 6 PRBs
	A 40Bytes packet is segmented into 2 20Bytes RLC PDUs.  

· Bandwidth per user per transmission: 6 PRBs

· Random selection 1 signature out of 24 signatures and spreading en-coded symbols into 6 PRBs

	MCS
	Fixed. QPSK with effective code rate 0.556
	Fixed. QPSK with effective code rate 0.093

	Receiver type
	MMSE-IRC
	Matched-filter based SIC

	HARQ settings 
	· HARQ RTT timer: 8 msec

· ACK in n+4 msec

· Max HARQ processes: 8

	Re-transmission mechanism 
	· Max re-transmission number: re-transmission attempts before packet drop timer time out

· Back-off window: 10msec

	Packet drop timer
	1 sec

	Power control setting
	P0=-95dBm, (=1 


2.2 RDMA PHY abstraction

RDMA PHY abstraction follows the methodology proposed in the way forward [4]. Specifically, the Shannon capacity formula based PHY abstraction is adopted. With different channel types considered, the curve fitting parameter ( is found by minimizing the cost function of Eq.(9) in [5]. Figure 1 shows the link-level simulation results and PHY abstraction results which are well matched in both TDL-A and TDL-C channels. 
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	Figure 1: PHY abstraction results for RDMA


2.3 System evaluation results
In the system evaluation, we provide the results on the system packet drop rate (PDR) under different packet arrival rate (PAR) for grant-free OFDMA and grant-free RDMA. 
The packet drop rate follows the definition discussed in the e-mail discussion, 
Packet drop rate = (Number of packet in outage) / (number of generated packets), where a packet is in outage if this packet failed to be successfully received by destination receiver beyond “Packet dropping timer”.

In this simulation, the packet drop timer is set as 1sec. For the failure transmission of a packet, the packet will stay in the HARQ buffer and attempt for re-transmissions until its packet drop timer times out. 
Figure 1 shows the evaluation results. From the simulation results, grant-free RDMA achieves PAR 0.7 pkt/ms/sector at PDR 1%. However, for the grant-free OFDMA, a PDR floor at 2.5% is observed in the low PAR area, which is due to the fixed MCS settings (QPSK, code rate 0.556) for grant-free OFDMA and there is around 2.5% UE in outage by this system settings. Addition system design may overcome this problem. For example, for a user in the poor channel condition, it can improve the PDR by repetition, TTI bounding, or HARQ combining. For the PDR at 10%, the PAR of grant-free OFDMA and grant-free RDMA is 1.30 and 2.79 pkts/ms/cell, respectively. Grant-free RDMA achieves 2.15 times system capacity as compared with grant-free OFDMA at PDR 10%. In general, RDMA provides 2~3 times system capacity over OFDMA, which is beneficial to achieve the target connection density for mMTC.  
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Figure 2: System evaluation results of packet loss rate for grant-free RDMA and grant-free OFDMA  

Observation: Grant-free RDMA significantly outperforms grant-free OFDMA on the system capacity, which can be used for grant-free based small package in eMBB (e.g., SR or traffic data) and mMTC.
3
Conclusion

In this paper, we compare RDMA and OFDMA under grant-free scenario from system level evaluation. The observation is listed as follows. 
Observation: Grant-free RDMA significantly outperforms grant-free OFDMA on the system capacity, which can be used for grant-free based small package in eMBB (e.g., SR or traffic data) and mMTC.
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