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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]From RAN1#92 to RAN1#94, most of the LLS and SLS evaluation parameters have been specified (as listed in the appendix). In RAN1#94, it was further agreed that the number of NOMA UEs that can be multiplexed in the same PRBs in practical multi-cell deployments should be studied via system-level evaluations with the consideration of target system performance and inter-cell interference [1], i.e., 
Agreements:
· Further study how many NOMA UEs can be multiplexed in the same PRBs in practical multi-cell deployments by system-level evaluations, taking inter-cell interference and per UE performance into account
To facilitate the study, in the email discussion of 94-NR-03 Email discussion on SLS calibration and template for NOMA [2], it was further agreed that 
Proposal 3:
· Companies are encouraged to report the PDF of multiplexed UEs per transmission duration (e.g. duration of a slot/mini-slot) at the PAR corresponding to the target system operation point, i.e.,
· For mMTC and eMBB scenarios:
o    PDF of multiplexed UEs per transmission duration at the system PAR corresponding to the 1% system PDR.
· For URLLC scenario: 
o    PDF of multiplexed UEs per transmission duration at the per UE PAR corresponding to the 95% satisfied ratio.
· FFS how to use the PDF for performance evaluations
· Other evaluation methodologies for studying the practical number of NOMA UEs multiplexed in the same PRBs taking inter-cell interference and per UE performance into account are not precluded.
In this contribution, we provide initial evaluations results and observations on the PDF of multiplexed UEs per transmission duration for the mMTC use case.
2 Discussion
The PDF of multiplexed UEs per transmission duration collected from system level simulations intends to shed light on the probability for different number of concurrently transmitting UEs per transmission duration, observed when the system is operating at the desired/agreed metric, e.g. PDR of 1% for the mMTC use case. Such information is useful to guide the study and comparison of different NOMA transmission schemes by examining the performance over the typical range on the number of concurrently transmitting UEs. 
The number of concurrently transmitting UEs per transmission duration depends on several factors or assumptions in the system level simulation, e.g. the UE traffic model (e.g. Poisson distribution with a certain PAR), the HARQ retransmissions, TBS size after segmenting the higher layer packets, etc. Thus, accurate PDF of multiplexed UEs per transmission duration cannot be calculated analytically and has to be directly collected from system level simulations.  
Figure 1 a) and b) show two examples of the PDF of multiplexed UEs per transmission duration at a system PAR corresponding to 1% system PDR for the mMTC scenario. The TBS is 60 bytes and higher layer packets larger than 60 bytes are segmented accordingly. The grant-free repetition is set to be 1, i.e. no repetition. The maximum number of HARQ retransmission is 8. Other system level simulations are shown in the Appendix, following the existing agreements. 
From Figure 1 a) and b), it is observed that for a large probability, the number of concurrently transmitting UEs per transmission duration is not high when the system operates at 1% PDR. Table 1 summarizes the average, 95% and 99% percentile of the number of concurrently transmitting UEs. For 2 receive antennas, the number of concurrently transmitting UEs per transmission duration is no more than 5 with a 95% probability. For 4 receiver antennas, the number of concurrently transmitting UEs per transmission duration is no more than 10 with a 95% probability. Designs and optimization for corner cases, e.g. number of concurrently transmitting UEs with a low probability, shall not be pursued.
Proposal: Study and comparison of different NOMA transmission schemes should be carried out by examining the performance over the typical range of the number of concurrently transmitting UEs.
	
	

	a) PDF of number of UEs multiplexed in each transmission on the same PRBs at system PAR corresponding to 1% system PDR for 1T2R case
	b) PDF of number of UEs multiplexed in each transmission on the same PRBs at system PAR corresponding to 1% system PDR for 1T4R case


Figure 1 Example of PDF of number of multiplexed UEs on the same PRBs in the mMTC scenario.
Table 1 Statistics of number of multiplexed UEs in the same PRB in the mMTC scenario.
	Multiplexing UE in mMTC at the system PAR corresponding to 1% system PDR
	1T2R, TBS=60 bytes
	1T4R, TBS=60 bytes

	Average
	2.5
	6

	95% Max
	5
	10

	99% Max
	6
	12


3 Conclusions 
In this contribution, we provide initial evaluations results and observations on the PDF of multiplexed UEs per transmission duration for the mMTC use case, in a practical deployment with inter-cell interference and target system performance considered. 
It is observed that the number of concurrently transmitting UEs is not high with a large probability. It is proposed that the study and comparison of different NOMA schemes should focus on the typical range (e.g. 95% percentile) of the number of concurrently transmitting UEs. 
Proposal: Study and comparison of different NOMA transmission schemes should be carried out by examining the performance over the typical range of the number of concurrently transmitting UEs.
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Appendix
	Parameters
	mMTC

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m

	Carrier frequency
	700MHz

	Simulation bandwidth
	6 PRBs 

	Number of UEs per cell
	200

	Channel model
	UMa in TR 38.901;
The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for SLS with frequencies below 6 GHz.

	UE Tx power
	Max 23 dBm

	BS antenna configurations
	2 Rx or 4 Rx for 700MHz;
2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), 2 TXRU;
4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;
dH = dV = 0.5λ;
BS antenna downtilt: 92

	BS antenna height
	25m

	BS antenna element gain
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	1Tx 

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi 

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

	UE power control
	Open loop. P0=-100, a=0.9

	HARQ/repetition
	maximum number of HARQ transmission=8, no repetition

	Channel estimation
	Realistic

	BS receiver
	Advanced receiver

	Traffic model
	Packet arrival per UE: Poisson arrival with arrival rate λ;
Packet size: 20~200 bytes Pareto + higher layer protocol overhead of 29 bytes, as defined in TR 45.820 to be the starting point; Other packet sizes are not precluded.

	Drop criterion
	a packet is in outage if this packet failed to be successfully decoded by the receiver beyond 1s packet dropping timer, or
8 maximum number of HARQ transmission



TBS 60byte	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	0.23855000000000001	0.33056000000000046	0.24643000000000026	0.12191	4.5336000000000078E-2	1.3302000000000001E-2	3.0160999999999999E-3	5.7145999999999998E-4	2.2224000000000012E-4	3.1700000000000039E-5	6.350000000000008E-5	0	0	0	0	0	# of multiplexed UEs on the same PRBs

PDF



TBS 60byte	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	6.5397000000000094E-3	3.1683000000000044E-2	8.2857000000000028E-2	0.13549000000000017	0.17784000000000016	0.17530000000000001	0.14818999999999999	0.1061600000000001	6.6063000000000011E-2	3.6508000000000006E-2	1.9206000000000022E-2	8.0317000000000027E-3	3.4603000000000043E-3	1.7143000000000013E-3	6.0317000000000129E-4	3.1746000000000031E-4	3.1700000000000039E-5	0	0	0	# of multiplexed UEs on the same PRBs

PDF



