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Introduction
In RAN #86, initial system-level evaluation results for IGMA have been reported in [1]. 
In company’s contribution [2], further considerations on SLS evaluation method for IGMA are discussed. In this contribution, the updated SLS results are shown to demonstrate the benefit of IGMA.
SLS evaluation results for IGMA
In this section, the SLS evaluation results for IGMA are shown to demonstrate the benefits of IGMA. The detailed evaluation assumptions can be found in Appendix. To better emulate the link level behaviour, the case that the MA signature (interleaver and grid-mapping pattern for IGMA) is randomly chosen by each UE is considered (also suitable for Opt. 2 grant-free transmission in which case UE will randomly choose the transmission TTI). Regarding the PHY abstraction, the method in [2] is applied. Specifically, for IGMA with ideal channel estimation, ; for IGMA with realistic channel estimation, . 
Based on the SLS evaluation procedure described in company’s contribution [2], first the system packet loss rate is evaluated for given number of UEs per sector. In the evaluation, the average number of UEs per sector is set as . For IGMA, the Opt. 2 grant-free transmission is considered. For each UE, the simulation bandwidth is 6 PRBs, which is the same with the minimal bandwidth for eMTC. 
The OFDMA with grant-free transmission is also considered as reference. For OFDMA, each UE occupies one PRB which is pre-configured by BS and MMSE-IRC receiver is considered. 
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Fig. 1. Evaluation results for system packet loss rate of different schemes
Fig. 1 shows the system packet loss rate for different schemes. As can be observed, for given packet arrival rate, the packet loss rate of IGMA is much lower than that of OFDMA. For 10% packet loss rate, the supported packet arrival time is more than 5 times larger than that of OFDMA, even with realistic channel estimation. This is a huge improvement compared with OMA scheme and the connection density can be also improved with the aid of IGMA.
By enlarging the dropping timer, UEs under deep coverage with large path loss will have more chances to perform repetition thus the PDR performance under given PAR can be improved. In Fig. 1, the PDR of IGMA with 10s dropping timer under ideal and realistic channel estimation is also depicted. As can be observed, for 1% PDR, the achievable packet arrival rates of IGMA with 10s dropping timer is more than 2 times higher than that of IGMA with ideal CE. 
Based on above evaluation results and the requirements on packet arrival time for mMTC scenario, the corresponding connection density can be derived. Take IGMA with ideal channel estimation and 1s dropping timer as an example. Assume that the average packet arrival interval per UE for mMTC scenario is 2 hours and 8 minutes (7680 seconds), which is the same with NB-IOT, from Fig. 1, it can be observed that the packet arrival rate for 1% PDR is about 5.82 packets/s, as a result, the connection density assuming 6 PRBs can be derived as follows.


For IGMA with ideal channel estimation and 10s dropping timer, the connection density assuming 6PRBs for 1% PDR is calculated as

As can be seen, the connection density is much higher than the requirements. Meanwhile, for IGMA with realistic channel estimation and 10s dropping timer, the connection density assuming 6PRBs for 1% PDR is 

The above results demonstrate that even with realistic channel estimation and only 6PRBs, IGMA can fulfil the requirements on connection density for mMTC scenario.
Note that repetition for cell-edge UEs can further improve the PDR performance and result in higher connection density. Besides, larger bandwidth can be also used to improve the connection density.
Observation 1: IGMA has potential gain over OFDMA for grant-free transmission.
Conclusion
In this contribution, the SLS evaluation results of IGMA are provided, including system packet loss rate as well as connection density for given target packet arrival time. Observations from these evaluation results are summarized below:
Observation 1: IGMA has potential gain over OFDMA for grant-free transmission.
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Appendix
A.1 Evaluation assumptions
	Attributes 
	Values or assumptions 

	Layout 
	Single layer
 - Macro layer: Hex. Grid

	Inter-BS distance 
	1732 m

	Carrier frequency 
	700 MHz

	Simulation bandwidth 
	6 PRBs

	Channel model 
	3D UMa

	Tx power 
	UE: Max 23 dBm

	BS antenna configuration 
	Rx: 2 ports

	Antenna element configuration
	(M, N, P, , ) = (10, 1, 2, 1, 1),  =  = 0.5

	Port mapping method
	(, , P, , ) = (1, 1, 2, 1, 1),the mapping method following TR36.873

	BS antenna height 
	25 m

	BS antenna tilt 
	 

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

	BS receiver noise figure 
	5 dB

	UE antenna elements 
	1 Tx

	UE antenna height 
	Follow the modeling of TR36.873

	UE antenna gain 
	-4 dBi

	Traffic model 
	Modified FTP model 3. Packet size is fixed as 40 bytes (overhead and CRC included).

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

	BS receiver 
	Chip-by-chip MAP detector for IGMA;
MMSE-IRC for OFDMA

	UL power control 
	Open loop power control


	Channel estimation
	Ideal and realistic

	Packet dropping timer
	1s or 10s
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