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Introduction
In RAN #86bis, the following agreement is reached:
Agreements:
· The physical layer abstraction methods in R1-168076 and slides 5-7 of R1-1610626 can be used for MA system-level evaluation with individual verification by each company
· The candidate PHY abstraction methods should be referred in TR 38.802 by using the two reference documents (R1-168076 and R1-1610626) 
Moreover, the initial system-level evaluation results for IGMA have been reported in [1]. 
In this contribution, further considerations on SLS evaluation methods for IGMA are discussed. 
Considerations on evaluation of IGMA
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.
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. The utilized PHY abstraction method for evaluating IGMA has been agreed in RAN1 #86 as referred to R1-168076.
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 [4], 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 [5]. 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.
Conclusion
In this contribution, the evaluation method of IGMA is discussed, including metric calculation, PHY abstraction and some other considerations.
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