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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]While LLS evaluation provides good insights of the overloading capability of different NoMA schemes over the OMA transmission from a single cell and fixed traffic aspect, SLS evaluation provides more insights from the network aspects considering the dynamic traffics and the varying of inter-cell interference. 
From RAN1#92 to RAN1#93, most of the LLS and SLS evaluation parameters have been specified (as listed in the appendix). In RAN1#93, it was further agreed that the performance and complexity comparisons and observation/conclusion should at least be made scheme-wise [1]. 
Agreement:
· Detailed transmission schemes particularly MA signature design per scheme will be captured in TR. Performance and complexity comparisons and observation/conclusion should at least be made scheme-wise. 
In this contribution, we mainly discuss the remaining open parameters and traffic models in the simulation assumptions, as well as the ways to compare the results.
2 Discussion on SLS evaluations
2.1 eMBB Traffic Model
In RAN#93, the eMBB traffic model was discussed and [2] proposed to use Pareto distribution, similar to the mMTC traffic model but with different parameters, to model the measured background traffic studied in 3GPP TR36.822 “LTE Enhancements for diverse data applications (eDDA)”. In the RAN#93 agreements [1], some tentative parameters to be verified and possibly updated have been agreed, which motivate us to further study the eMBB traffic model and the detail fitting parameters.
Agreement:
· The traffic model below is used for NOMA evaluations in eMBB scenario:
· Packet arrival per UE: FTP Model 3 with Poisson arrival
· Packet size:
· [40]~[600] bytes Pareto distribution, with shaping parameter alpha = [1.5] as starting point.
· Further refinement can be further discussed in RAN1#94
In this contribution, we discuss and justify the tentative parameters for the Pareto distribution of the eMBB traffic model in the following 2 steps:
· Step 1: We select 5 categories of practical measurements as listed in Table 1 from the Heavier Background Traffic of 3GPP TR36.822 [3] to represent the eMBB background traffics. However, it should be noted that typical eMBB traffic is for larger packets.
· Step 2: We evaluate the candidate fitting parameters to minimize the metrics of Kullback–Leibler (KL) divergence and mean square error (MSE), which are widely used metrics to compare the similarity between two distribution functions [4].


Table 1 Typical traffic categories selected.
	Trace-ID
	Source Company
	Description

	
	
	

	9
	Huawei
	Background (QQ)

	13
	Intel
	Background (multi-app: skype/gtalk/twitter/weather/stock) – A

	22
	NSN
	Background (facebook iOS)

	38
	RIM
	Background (B6) – browser page, windows live messenger, skype, email

	56
	Samsung
	Background – android, facebook



KL divergence between two probability distribution functions P and Q is a measurement of how much information is lost when the distribution function Q (the resultant theoretical traffic model) is used to approximate the target distribution function P (e.g., measured CDF distribution of the traffic model in [3]). 

From the definition above, we shall find a set of good parameters for the Pareto distribution model to minimize its KL divergence with the CDF distribution of the selected traffic measurements in [3]. 
MSE is a straightforward measure of the quality of an estimator, that is, the average squared difference between the estimated values and what is estimated. In this case, we use it to measure the error from the resultant theoretical traffic model Q to the measured traffic model P.

We consider the minimum packet size of 40, 60 or 80 bytes, and shaping parameter changing from 1, 1.25, to 1.5, while the maximum packet size is kept as 600 bytes. The whole set of cases tested, i.e., different combinations of the above, and the resulting KL divergence and MSE values are listed in the Appendix. Here we select three typical ones for discussion. 
· Option 1: Minimum packet size 40 bytes, shaping factor 1.5;
· Option 2: Minimum packet size 60 bytes, shaping factor 1.25;
· Option 3: Minimum packet size 80 bytes, shaping factor 1.5.
The fitting results for the 3 options are given in Figure 1 and the corresponding KL divergence and MSE values are listed in Table 2 (more fitting options and analysis details can be found in Appendix). We can observe that the Pareto distribution with the minimal packet size  and the shaping factor  achieves the best KL divergence (0.136) and minimized the MSE performance (0.01%). Compared with Option 1 (i.e., the current tentative option in the agreement), the KL divergence and MSE values are reduced by about 50% and 99.5%, respectively. Also, compared with Option 3, the reduction in KL divergence and MSE are 85% and 98%, respectively.
Table 2 KL divergence and MSE for different fitting options. 
	# between the expected probability distribution and Pareto distributions
	KL divergence
	MSE

	Pareto distribution
	, α=1.5
	0.2682
	0.0198

	
	, α=1.25
	0.136
	0.0001

	
	, α=1.5
	0.8787
	0.0053


Observation 1: 60~600 bytes Pareto distribution, with shaping parameter alpha = 1.25 is the closest Pareto distribution to the measured Heavier Background Traffic in 3GPP TR36.822.
[image: ]
Figure 1 Fitting performance of the 3 options.
Proposal 1: Adopt the following traffic model for NOMA evaluations in eMBB scenario:
· Packet arrival per UE: FTP Model 3 with Poisson arrival
· Packet size: 60~600 bytes Pareto distribution, with shaping parameter alpha = 1.25.
2.2 Target PDR and the target ratio of satisfied UEs
In RAN#92b [5], higher layer packet-arrival-rate (PAR) vs. higher layer packet-drop-rate (PDR) has been agreed as the main SLS performance metric for mMTC and eMBB scenarios. In RAN#93 [1], the definition of PDR is further agreed as: # of packets in outage / # of packets generated. However, the values of the target PDR, or the PDR requirements, are still open for both cases, which deserves further discussion to better assess practical system performance.
Similarly, in RAN#92b [5], percentage of users satisfying reliability and latency requirements vs. packet arrival rate (PAR) has been agreed as the main SLS performance metric for the URLLC scenario. Again, the target percentage of UEs satisfying the requirements, i.e., Y%, hasn’t been discussed, which should also be further discussed to assess the practical system performance. 
NR Rel-14 agreed and captured a target PDR of 1% in 3GPP TR38.802 [6] Table A.2.2-2, which should be taken for both mMTC and eMBB in the current NoMA study. While for the percentage of Y, Rel-14 did not provide any guidance, and we may need the study and opinion from the NR Rel-16 URLLC perspective. 
Propose 2: In the SLS evaluation of the NoMA schemes
· 1% higher layer system PDR is used in the SLS to evaluate the supported system capability in terms of high layer system PAR for mMTC or eMBB scenarios; 
· Further discuss the value of Y, i.e. percentage of users satisfying reliability and latency requirements, to be used to evaluate the supported system capability in terms per UE PAR for URLLC scenario.
2.3 Some more parameters to align the SLS platform
As discussed in [7], in order to align the OMA calibration of the SLS platform, some more parameters need to be aligned. We give our suggestion below. 
[bookmark: OLE_LINK38]Proposal 3: Further adopt the complementary parameters in Table 1 of R1-1808053 for the OMA calibration in the system level simulations among companies.
3 Discussion on LLS evaluations
Most of the LLS parameters and metrics are agreed in RAN1#92 with only a few items to be further defined. Some of the LLS parameters and the metrics related to the mMTC scenario may need to be revisited given the agreements in the RAN plenary meeting.
3.1 Number of UEs 
For a better calibration/alignment of NoMA evaluations, a set of the # of UEs with proper values can be defined. In system level evaluations, the link level curves in function of # of UEs referenced by the scheduler shall be generated with a granularity of 1 UE up to the maximum number of multiplexed UEs by the scheduler. The system level evaluation with the agreed traffic model and acceptable network and per UE performance can reflect the most frequently used number of multiplex UEs, which should be prioritized for performance comparison across companies. 
In case that the number of multiplexed UEs exceeds that designed by Rel-15 DMRS, clarification of DMRS extension is needed by proponents and the link level evaluations shall capture the performance impact due to the corresponding DMRS extension.
Proposal 4: Further study how many NoMA UEs can be multiplexed in the same PRBs in practical multi-cell deployments, taking inter-cell interference and per UE performance into account.
3.2 MCL
MCL was agreed as a link-level performance metric in RAN1#92, to evaluate the coverage performance of NoMA schemes. Coverage performance is mainly considered for the mMTC scenario. However, RAN agreed that no NR based solution will be studied or specified for the LPWA use case in Rel-16 [8]. Thus, coverage is no longer the major concern of NoMA study, and it thus needs further discussion whether MCL is still a proper metric for NoMA.
If MCL is to be considered, the calculation method needs to be further discussed. For fair comparison, the data rate, numerology, and bandwidth should be aligned. On the other hand, MCL is usually calculated with single UE transmission. For NoMA study, it is natural to consider MCL with multiple UEs.
Proposal 5: Further discuss whether MCL is still a suitable metric for UL NoMA study in Rel-16 and how to calculate multi-user MCL and how to apply the metric if it is still needed.
3.3 Random selection
Naturally, the MA signature allocation for GF transmission should follow the NR Rel-15 configured grant. When NoMA transceiver is applied, its MA signature should be pre-configured together with the DMRS in a UE specific way by a simple extension from the current resource configuration method defined for NR configured grant Type 1 and Type 2. This would minimize or eliminate the DMRS and MA signature collision to improve the performance of GF NoMA transmission. Assuming there are N potential UEs in the network, by defining MA signature pool of the same size a one-to-one mapping between UE and MA signature is possible, which completely avoids MA signature collision. In case the signature pool size is less than N, the MA signatures can be repeated to obtain the desired pool size. 
The mapping between MA signatures and UEs established through configured grant can be reflected in the system-level evaluation in a straightforward manner. Due to the Poisson nature of the traffic, both the number of active users and index of the active users vary for each instance of the simulation and the index of the MA signatures can be obtained from this mapping.
As an example, let us assume the number of potential UEs is N=12 and the signature pool is defined as 
	Index
	MA Signature

	1
	S1=[1 1 1 1]

	2
	S2=[1 1 -1 -1]

	3
	S3=[1 -1 1 -1]

	4
	S4=[1 -1 -1 1]

	5
	S5=[1 1 –j  j]

	6
	S6=[1 1 j –j]

	7
	S7=[1 -1 –j –j]

	8
	S8=[1 -1 j  j]

	9
	S9=[1 –j 1 j]

	10
	S10=[1 –j -1 –j]

	11
	S11=[1 j 1 –j]

	12
	S12=[1 j -1 j]


 
This way, we can assume Si is assigned to UEi without loss of generality. Assume in the first instance UE1 and UE2 are active, which means MA signatures S1 and S2 are active. In the next instance, UE4, UE7 and UE11 are active, which means MA signatures S4 and S7 and S11 are active. Note that although the signature selection looks random, however, it follows a pre-configured mapping rule to UEs. In this provided example, there is no signature collision as the signature pool size is equal to # UEs. This way of signature selection is so-called Random Active selection. 
Some discussions in Rel.14 SI offered an alternative method to allocate MA signatures for GF transmission, i.e., a UE randomly selects one MA signature from a pre-defined pool. Since none of its designs have been detailed yet, this MA signature allocation scheme could be revisited after the detailed designs are well defined.
Proposal 6: The signature allocation for NoMA evaluation should follow NR Rel-15 configured grant mechanism, which can be modeled as Random Active selection. 
4 Conclusions 
In this contribution, we discussed the remaining models and parameters in the SLS and LLS evaluations. The following observations and proposals are derived. 
Observation 1: 60~600 bytes Pareto distribution, with shaping parameter alpha = 1.25 is the closest Pareto distribution to the measured Heavier Background Traffic in 3GPP TR36.822.
Proposal 1: Adopt the following traffic model for NOMA evaluations in eMBB scenario:
· Packet arrival per UE: FTP Model 3 with Poisson arrival
· Packet size: 60~600 bytes Pareto distribution, with shaping parameter alpha = 1.25.
Propose 2: In the SLS evaluation of the NoMA schemes
· 1% higher layer system PDR is used in the SLS to evaluate the supported system capability in terms of high layer system PAR for mMTC or eMBB scenarios; 
· Further discuss the value of Y, i.e. percentage of users satisfying reliability and latency requirements, to be used to evaluate the supported system capability in terms per UE PAR for URLLC scenario.
Proposal 3: Further adopt the complementary parameters in Table 1 of R1-1808053 for the OMA calibration in the system level simulations among companies.
Proposal 4: Further study how many NoMA UEs can be multiplexed in the same PRBs in practical multi-cell deployments, taking inter-cell interference and per UE performance into account.
Proposal 5: Further discuss whether MCL is still a suitable metric for UL NoMA study in Rel-16 and how to calculate multi-user MCL and how to apply the metric if it is still needed.
Proposal 6: The signature allocation for NoMA evaluation should follow NR Rel-15 configured grant mechanism, which can be modeled as Random Active selection. 
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Figure A-1 Fitting performance of different parameters.
Table A-1 KL divergence and MSE between the expected probability distribution and Pareto distributions
	Candidate Modelling
	KL divergence
	MSE

	Pareto distribution
	, α=0.5
	0.2273
	0.0405

	
	, α=0.75
	0.1834
	0.0073

	
	, α=1
	0.1882
	0.0049

	
	, α=1.25
	0.2197
	0.0115

	
	, α=1.5
	0.2682
	0.0198

	
	, α=1
	0.1441
	0.0041

	
	, α=1.25
	0.136
	0.0001

	
	, α=1.5
	0.1439
	0.0016

	
	, α=1.25
	0.8752
	0.0098

	
	, α=1.5
	0.8787
	0.0053

	
	, α=1.75
	0.8902
	0.0044
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