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Introduction
In RAN #86, initial system-level evaluation results for IGMA have been reported in [1]. 
In this contribution, further considerations on SLS evaluation are discussed, including calculation of SLS metric and other SLS evaluation assumptions. Meanwhile, more SLS evaluation results, including results with realistic channel estimation, are introduced.
Considerations on evaluation method
Metric calculation
It was agreed that for mMTC scenario, the connection density should be used as the metric of non-orthogonal multiple access system-level evaluation. Generally, the connection density can be calculated by obtaining the maximal number of supported UEs under pre-defined system packet loss rate threshold given packet arrival rate under given system bandwidth. This method requires continuously increasing the number of UEs in SLS evaluations to observe the packet loss and introduce large burden on memory since the memory requirements is highly related to the number of UEs. 
Here an alternative for connection density calculation is applied. A small number of UEs are assumed and the packet arrival rate is varied to observe corresponding system packet loss rate. In this contribution, collision is defined as the case that multiple UEs are served by the same time-frequency resource and apply same signature, e.g. codebook, interleaver or grid-mapping pattern. With the increase of packet arrival rate, the collision probability also increases. As a consequence, the collision case caused by large number of UEs with low data rate is well emulated by the high packet arrival rate with relatively small number of UEs. 
Define per UE packet arrival rate  as the number of arrival packets in one unit time. Assuming the target arrival packet rate for mMTC scenario is  (packets/s), the number of UEs set for SLS evaluation is  per sector and the maximal arrival packet rate obtained by SLS evaluation for given system packet loss rate threshold % is , then the connection density is computed by

where  is the area of each sector. Based on this metric calculation method, the procedure of SLS evaluation is summarized as follows:
Step 1: parameter settings. Define the target packet arrival rate for mMTC scenario, the number of supported UEs in each sector and the system packet loss rate threshold.
Step 2: evaluation for system packet loss. Perform the SLS evaluation for different packet arrival rate and obtain the corresponding system packet loss rate.
Step 3: obtain the connection density. Get the maximal packet arrival rate according to step 2 under given packet loss rate threshold and calculate the connection density.
Further considerations on evaluation assumptions
In this subsection, considerations on detailed evaluation assumptions are discussed.
1. Traffic model
It was agreed that non-full buffer small packet should be applied in SLS evaluation and the future trend of mMTC traffic should be considered. Meanwhile, some agreements on traffic model parameters, including packet size and inter-packet arriving time, were also agreed. In the evaluation, FTP model 3 is applied to emulate the non-full buffer traffic model and by adjusting the packet size and packet arrival rate, the future trend of mMTC traffic is also modeled. The average packet arrival rate of NB-IOT is used as the target packet arrival rate.
Consider that for future mMTC services, although the number of devices increases significantly, the data rate of each device will be low. Besides, for some kind of services, for example, intelligent meter reading, the packet size for each transmission is nearly the same. As a result, the small fixed packet size with 40 bytes is considered in the SLS evaluation. This configuration also simplifies the SLS evaluation, since fixed MCS is applied.
2. Grant-free transmission
Grant-free transmission is assumed for SLS. It has been agreed that two options should be considered for NR, including Opt. 1：UE randomly chooses MA resource; Opt. 2: pre-configured MA resource. In this evaluation, Opt. 2 is considered. For each UE, the MA signatures, including DMRS are pre-configured. Meanwhile, it is also assumed that the number of available DMRSs is large enough and larger than the number of UEs per sector. Under this assumption, although codes/sequences/interleavers and etc. may be collided, no DMRS collision is considered and the HARQ re-transmission procedure is also facilitated since BS can identify each transmission by DMRS. Although it is not a so practical assumption since in real systems the DMRS is most likely the bottleneck for MA schemes [2], it can be regarded as the upper bound for this kind of grant-free transmission.
3. Antenna configurations
Although for path loss calibration and SLS calibration for NR, the antenna configuration for BS with (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1) is considered, for evaluation purpose, this assumption is not realistic, especially for NR where more antenna elements can be equipped at BS. To better reflect the real trend of NR, the following parameters are considered in the SLS evaluations.
Table I. BS antenna configuration for SLS
	Antenna element configuration
	(M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), dv = dh = 0.5

	Rx port mapping method
	(Mtx, Ntx, P, Mg, Ng) = (1, 1, 2, 1, 1), the mapping method following TR36.873


In this way, better coverage can be applied and the performance of cell-edge UEs can be improved.
4．HARQ re-transmission
As mentioned previously, the Opt. 2 grant-free transmission can facilitate the HARQ re-transmission. In the evaluation, it is assumed that BS can identify each UE by detecting DMRS and each transmission from corresponding UE by MA resource grouping and partition, as mentioned in [3]. If the detection is not success, NACK will be transmitted to corresponding UE. After receiving NACK, UE will perform re-transmission after a fixed time interval, e.g., after 8 TTIs. UE will continue try to re-transmit the failed packets unless pre-defined dropping timer, e.g. 1s or 10s, has reached. If new packet is arrived, UE will prioritize the re-transmission packets and waiting time for new packet is also counted in the dropping timer.
By using this procedure, UEs under deep coverage with large path loss can achieve better performance and thus improve the connection density.
The detailed evaluation assumption is listed in Appendix A.1.
SLS evaluation results for IGMA
In this section, the SLS evaluation results for IGMA are shown to demonstrate the benefits of IGMA. 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, it is similar with that in [1] and the detailed information can be found in Appendix A. 2. For IGMA with ideal channel estimation, ; for IGMA with realistic channel estimation, . 
Based on the SLS evaluation procedure described in Sec. 2.2, 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 realistic channel estimation is also depicted. As can be observed, for 1% PDR, the achievable packet arrival 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 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.
Observation 2: IGMA can fulfil the connection density requirement of mMTC scenario. 
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.
Observation 2: IGMA can fulfil the connection density requirement of mMTC scenario. 
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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


A. 2. PHY abstraction
The PHY abstraction is important to the accuracy of the SLS evaluation. Currently, effective SNR mapping (ESM) PHY abstraction is widely-used for various schemes. Generally, for ESM, the effective SNR is calculated as

where  is the symbol block size,  is the SINR for the n-th sub-carrier,  is the effective SNR for the entire block and function  is an invertible function. Based on this effective SNR, the corresponding BLER can be obtained based on SNR-BLER mapping table under AWGN channel for specific MCS.
Unfortunately, it is hard to get the SINR in above equation for non-orthogonal multiple access schemes. For some non-orthogonal multiple access schemes, advanced receivers with iterative detection and decoding are applied to mitigate the multi-user interference. It is hard to model those kinds of receivers since the detection and decoding are combined together, while for most existing receiver modeling methods, only detection is considered. To facilitate the PHY abstraction and avoid receiver modeling, an approximation approach is applied and is summarized as follows:
Step 1: Calculate the upper bound post-processing SINR.
For non-orthogonal multiple access, the optimal performance can be achieved if the signals from multiple UEs can be separated completely. In this sense, the post-processing SINR of PIC detector is regarded as upper bound. If per-RE power of transmitted signal is normalized to 1, the post-processing SINR after PIC detection for the n-th sub-carrier of the k-th UE is expressed as

where  denotes the frequency domain channel coefficient vector of the n-th sub-carrier of the k-th UE,  denotes the noise power and  denotes the power of inter-cell interference on the n-th sub-carrier.
Step 2: Approximate the real post-processing SINR based the upper bound.
Although by using advanced receiver, such as chip-by-chip MAP detector, multi-user interference can be mitigated or even eliminated, there still will be some performance degradation, especially when the number of serviced UEs is large. A scaling factor  is used to emulate this performance degradation. Denote  as the capacity for PIC detector and for non-orthogonal multiple access, the achievable capacity is a scaled version which is expressed as follows

where  denotes the approximated SINR for n-th sub-carrier of the k-th UE and based on this scaled capacity,  can be calculated as

The parameter  can describe the capacity loss due to the superposition of multiple UEs and should be optimized by off-line link level simulations for different number of UEs under different cases. 
Step 3: Calculate the effective SNR.
The approximated SINR for n-th sub-carrier of the k-th UE obtained in step 2 is used for the mapping of effective SNR. Several methods can be applied and the received-bit information rate (RBIR) [4] for SNR mapping is used due to its simplicity. The effective SNR is expressed as

where  denotes the effective SNR for the k-th UE and Q denotes the modulation order. The function  denotes the RBIR metric given SNR and modulation order Q and  is its inverse function given RBIR metric to find corresponding SNR. The RBIR metric function is pre-calculated off-line and stored as a look-up table. The Table 25 in [4] is re-used in our SLS evaluations. 
Step 4: Obtain BLER according to the SNR-BLER mapping.
After getting the effective SNR for the k-th UE, the corresponding BLER is obtained according to the SNR-BLER mapping relationship which is pre-calculated for given MCS under AWGN channel.
The only parameter that should be optimized is the scaling factor  and the optimization can be completed by solving a minimum mean square error problem, as discussed in [5]. 
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