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Introduction
In RAN #85, system-level evaluation assumptions for UL mMTC scenario – urban coverage for massive connection were agreed [1]. 
[bookmark: _GoBack]In this contribution, further considerations on SLS evaluation are discussed, including PHY abstraction and the calculation of SLS metric. The initial evaluation results for IGMA introduced in [2] are also provided to show the benefit in terms of connection density.
Considerations on evaluation method
PHY abstraction
The PHY abstraction is important to the accuracy of 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 by 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, which is summarized as follows:
Step 1: Calculate the upper bound post-processing SINR.
For non-orthogonal multiple access, the optimal performance is 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 it can be assumed that 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 here the received-bit information rate (RBIR) [3] is used for SNR mapping 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 [3] 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 [4]. 
Proposal 1: PHY abstraction is encouraged to be aligned and the method described herein can be adopted for non-orthogonal multiple access SLS evaluation.
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. 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 used. 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 packet arrival rate  as the per UE average inter-packet arrival time. Assuming the target arrival packet rate for mMTC scenario is  (s), the number of UEs set for SLS evaluation is  per cell, 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 cell. 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 cell 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. We think FTP model 3 can well 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. For packet arrival rate, based on the traffic model for NB-IOT, a scaling factor is applied to address the future trend of mMTC. In the evaluation, 1, 1/2, 1/5, 1/10 and 1/20 were chosen as the scaling factor.
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 20 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 scheduling is assumed for SLS. For the very initial evaluation, it is assumed that UE randomly choses MA signature with equal probability from a pre-defined MA signature pool, and also assume that the number of available DMRS is large enough so that the DMRS collision probability is much less compared with the collision probability of signatures (codes/sequences/interleavers etc.) for data transmission. As a result, the DMRS collision is not considered in SLS evaluation. Although it is not a so practical assumption since in real systems the DMRS is most likely the bottleneck for MA schemes [5], it can be regarded as the upper bound for this kind of grant-free transmission.
3. Power control
Since grant-free transmission is considered, it is natural to apply open-loop power control firstly as there is no dynamic grant for timely TPC command. And close-loop power control is questionable for grant-free and contention based transmission, and modeling of close-loop power control needs further discussion. On the other hand, short-term power fluctuation anyhow still remains, even though long-term average equal SNR distribution is assumed, which does not lose generality of non-orthogonal multiple access. As a result, open-loop power control with  is applied in the SLS evaluation, to eliminate the long term SNR variation caused by path loss.
The detailed evaluation assumption is listed in Appendix A.1.
Initial SLS evaluation results for IGMA
In this section, the SLS evaluation results for IGMA are shown to demonstrate the benefits of IGMA.
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 cell. In the evaluation, the number of UEs per cell is set as . For IGMA, the grant-free transmission is considered. For each UE, the simulation bandwidth is 6 PRBs, which is the same with the minimal bandwidth for eMTC. Different  for PHY abstraction is used for different number of UEs and different signature collision cases. OFDMA with grant-free transmission is also considered for comparison. For OFDMA, each UE occupies one PRB. The UEs randomly choose one PRB from the available 6 PRBs. If two or more UEs choose the same PRB to transmit data, collision occurs and the transmissions of these two UEs are assumed failed since single-user detector is applied for OFDMA scheme. Ideal channel estimation is assumed for this initial SLS evaluation. 
[image: ]
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 time, 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 2 times larger than that of OFDMA. This is a huge improvement compared with OMA scheme.
Observation 1: Compared with OFDMA, IGMA may have large potential gain on packet loss rate for grant-free transmission.
Next, the connection density for IGMA is evaluated. The packet arrival time of NB-IOT with a scaling factor 1/5 is considered as an example. According to [6], the average packet arrival time is 10.575 hours for MAR periodic reports. As a result, the target packet arrival time is set as  hours. From Fig. 1, it can be observed that for 10% packet loss rate, the corresponding packet arrival time is s. Then the connection density can be calculated as

For different target packet arrival time for mMTC, the corresponding connection density is calculated as Table I.
Table I: Connection density for different target packet arrival time
	Scaling factor based on NB-IOT
	Target packet arrival time (h)
	Connection density (/km2)

	1
	10.575
	21.1*106

	1/2
	5.2875
	10.6*106

	1/5
	2.115
	4.22*106

	1/10
	1.0575
	2.11*106

	1/20
	0.5287
	1.06*106


From Table I, we can conclude that for the given target packet arrival times listed in Table I, IGMA can fulfil the requirements on connection density for mMTC.
Observation 2: IGMA can be able to fulfil the requirements of connection density for mMTC scenario.
Conclusion
In this contribution, the SLS evaluation methodologies and the evaluation assumptions for NR mMTC multiple access are discussed. The following is proposed:
Proposal 1: PHY abstraction is encouraged to be aligned and the method described in this contribution can be adopted for non-orthogonal multiple access SLS evaluation.
And the initial 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 initial results are summarized below:
Observation 1: Compared with OFDMA, IGMA may have large potential gain on packet loss rate for grant-free transmission.
Observation 2: IGMA can be able to fulfil the requirements of connection density for mMTC scenario.
References
[1] 3GPP RAN1 Chairman’s Notes, RAN1 #85, Nanjing, China, May, 2016.
[2] R1-163992, “Non-orthogonal multiple access candidate for NR”, Samsung, RAN1#85, Nanjing, China, May, 2016.
[3] IEEE 802.16m, Evaluation Methodology Document (EMD).
[4] S. H. Moon et al. “Link performance estimation techniques for MIMO-OFDM systems with maximum likelihood receiver,” IEEE Trans. Wireless Commun., vol. 11, no. 5, May 2012, pp. 1808-1816.
[5] R1-166752, “Discussion on grant-free/contention based non-orthogonal multiple access”, Samsung, RAN1#86, Gothenburg, Sweden, Aug., 2016.
[6] 3GPP TR45.820, “Cellular system support for ultra-low complexity and low throughput internet of things (CIoT)”.
[7] R1-166750, “Link level performance evaluation for IGMA”, Samsung, RAN1#86, Gothenburg, Sweden, Aug., 2016.
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

	BS antenna pattern 
	Follow the modeling of TR36.873

	BS antenna height 
	25 m

	BS antenna tilt 
	 according to the definition in TR36.873

	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 20 bytes.

	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

	UL power control 
	Open loop power control


	Channel estimation
	Ideal


A.2 Verification for PHY abstraction
In this section, the PHY abstraction introduced in Sec. 2.1 is evaluated. The BLER for IGMA with different number of UEs under TDL-C channel is simulated as benchmark. The considered MCS is QPSK with rate 1/5 LTE Turbo code. The TBS is set as 160 bits. Other simulation assumptions can be found in [7]. The numbers of UEs are set as 1 and 6. For 1 UE case, the optimal parameter for PHY abstraction is , while for 6 UE case, .
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Fig. 2: Evaluation of PHY abstraction for IGMA
Fig. 2 shows the evaluation results for PHY abstraction. As can be observed, the results of PHY abstraction and corresponding LLS results are well-aligned, especially for BLER = 10-1. These results demonstrate the efficiency of PHY abstraction in Sec. 2.1. 
It should be noted that for some cases, using one  for entire SNR range may not accurate enough. For example, if multiple UEs select the same signature, there will be performance loss for low SNR range compared with the case that different UEs select different signatures and this performance gap will become smaller for higher SNR. For this case, multiple  for different SNR ranges is a good solution and can provide good accuracy for different SNR range.
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