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Introduction
This paper is related to the “New Study Item on Self-Evaluation towards IMT-2020 submission” [1]. In this paper, we review the IMT-2020 performance evaluation for mMTC connection density and provide the preliminary results based on the methodology using full buffer SLS and LLS. 
Connection Density Evaluation
Evaluation methodology based on full buffer SLS followed by LLS
In Report ITU-R M.2412 [2], there are two possible evaluation methods to evaluate connection density requirement defined in ITU-R M.2410-0 [3].
· Non-full buffer system-level simulation;
· Full-buffer system-level simulation followed by link-level simulation.

This paper is based on the 2nd methodology using full-buffer system-level simulation followed by link-level simulation and the following steps are used to evaluate the connection density based on this method.
	· Step 1:	Perform full-buffer system-level simulation using the evaluation parameters for Urban Macro-mMTC test environment, determine the uplink SINRi for each percentile i=1…99 of the distribution over users, and record the average allocated user bandwidth Wuser.
· Step 2:	Perform link-level simulation and determine the achievable user data rate Ri for the recoded SINRi and Wuser values. 
· Step 3:	Calculate the packet transmission delay of a user as Di = S/Ri, where S is the packet size.
· Step 4:	Calculate the traffic generated per user as T = S/Tinter-arrival, where Tinter-arrival is the inter‑packet arrival time.
· Step 5:	Calculate the long-term frequency resource requested under SINRi as Bi=T/(Ri/Wuser).
· Step 6:	Calculate the number of supported connections per TRxP, N = W / mean(Bi). W is the simulation bandwidth. The mean of Bi may be taken over the best 99% of the SINRi conditions.
· Step 7:	Calculate the connection density as C = N / A, where the TRxP area A is calculated as A= ISD2 × sqrt(3)/6, and ISD is the inter-site distance.





SLS results
By performing full buffer SLS evaluation using the evaluation parameters for Urban Macro-mMTC test environment, we can determine the uplink SINRi for each percentile i=1…99 of the distribution over users and Figure 1 is showing the SINR curves from the collected data.
We assumed following aspects for the UL power control and antenna configuration for the evaluation. More detailed evaluation assumption is given in Table 1 of Annex.
· Uplink Power control used with parameters
· Configuration A:  dBm
· Configuration B:  dBm
· Antenna arrays with 64 antenna elements was considered
· For Configuration A with 500m ISD , antenna array with 4H 8V cross polarized elements are assumed
· For Configuration B with 1732m ISD, antenna array with 8H 4V cross-polarized elements are assumed


[bookmark: _Ref505593171]Figure 1. CDF of UL SINR

LLS results
Figure 2 is showing the throughput for different TBS versus SNR by performing LLS based on the evaluation assumption shown in Table 4 and Table 5 in Annex.
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[bookmark: _Ref521507203][bookmark: _Ref521507165]Figure 2. Throughput curves for NR and LTE-M

Calculation for connection density
By following the steps defined in section 2.l, connection density can be obtained for both NR and LTE-M for different configurations as shown in Table 1 and Table 2. Note that the simulation bandwidth W is assumed as 1 PRB which is 180KHz in the calculation.

[bookmark: _Ref510556868]Table 1. 99th percentile delay D in Step 3.
	
	Config A, Uma A
	Config A, Uma B
	Config B, Uma A
	Config B, Uma B

	NR
	8.58 ms
	8.67 ms
	20.63 ms
	29.67 ms

	LTE-M
	11.66 ms
	11.71 ms
	22.30 ms
	33.63 ms



[bookmark: _Ref510556872]Table 2 Connection density C in Step 7.
	
	Config A, Uma A
	Config A, Uma B
	Config B, Uma A
	Config B, Uma B

	NR
	62,148,306
	66,499,660
	4,100,827
	4,533,034

	LTE-M
	74,975,667
	84,086,591
	4,471,077
	5,242,310



From Table 1 and Table 2, both configurations with both channel models fulfil the connection density requirements for IMT-2020 with 1 PRB BW.

Observation	
· The connection density requirements are met while with both NR and LTE-M for both configurations and both channel models by applying evaluation methodology based on full buffer SLS followed by LLS
· 99th percentile of the delay per user is less than 10 sec
· Connection density is greater than 1million per Km2

Conclusions
In this contribution, we provide connection density evaluation results and observed that connection density requirements are fulfilled with both NR and LTE-M for all configurations and channel models evaluation methodology based on full buffer SLS followed by LLS
Observation	
· The connection density requirements are met while with both NR and LTE-M for both configurations and both channel models by applying evaluation methodology based on full buffer SLS followed by LLS
· 99th percentile of the delay per user is less than 10 sec
· Connection density is greater than 1million per Km2
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Appendix: Simulation Assumptions

[bookmark: _Ref521503195]Table 3. Evaluation assumption for SLS
	Urban Macro - mMTC
	Configuration A
	Configuration B

	Carrier frequency for evaluation
	700 MHz
	700 MHz

	BS antenna height
	25 m
	25 m

	Total transmit power per TRxP[1]
	46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type
	20% high loss, 80% low loss  (applies to Channel model B)
	20% high loss, 80% low loss  (applies to Channel model B)

	Inter-site distance
	500 m
	1732 m

	Number of antenna elements per TRxP
	64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (N/A, 0.8)λ
+45°, -45° polarization
	64 Tx/Rx, (M,N,P,Mg,Ng) = (4,8,2,1,1), (dH,dV) = (N/A, 0.8)λ
+45°, -45° polarization

	Number of TXRU per TRxP
	2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)
	2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)

	Number of UE antenna elements
	1Tx/Rx,  0° polarization
	1Tx/Rx,0° polarization

	Number of TXRU per UE
	1TXRU
	1TXRU

	Uplink Power Control Parameters
	Alpha = 1, P0 = -110 dBm
	Alpha = 1, P0 = -113 dBm

	Device deployment
	80% indoor, 20% outdoor
	80% indoor, 20% outdoor

	
	Randomly and uniformly distributed over the area
	Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction.
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction.

	UE speeds of interest
	3 km/h for indoor and outdoor
	3 km/h for indoor and outdoor

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB

	UE noise figure
	7 dB
	7 dB

	BS antenna element gain
	8 dBi
	8 dBi

	BS antenna element pattern
	See [2]
	See [2]

	UE antenna element gain
	0 dBi
	0 dBi

	UE antenna element pattern
	Omni-directional
	Omni-directional

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer

	Simulation bandwidth
	10 MHz
	10 MHz

	Allocation Bandwidth
	1 PRB (180 kHz)
	1 PRB (180 kHz)

	Uplink Scheduling
	Round Robin Scheduling with 1 PRB allocation
	Round Robin Scheduling with 1 PRB allocation

	UE density
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	1.5 m
	1.5 m

	Channel model variant
	Alt. 1: Channel model A
	Alt. 1: Channel model A

	
	Alt. 2: Channel model B
	Alt. 2: Channel model B

	TRxP number per site
	3
	3

	Mechanic tilt
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	
DFT Beam Selection
	
DFT Beam Selection

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)

	TRxP boresight
	30 / 150 / 270 degrees
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	30 / 150 / 270 degrees
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	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=10m
	d2D_min=10m

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873








[bookmark: _Ref521509532]Table 4. Evaluation assumption for LLS
	Parameters
	Configuration

	Evaluated service profiles
	Full buffer best effort

	Simulation bandwidth
	For ISD = 500 m, 180 KHz; 
For ISD = 1732 m, 180 KHz

	Number of users in simulation
	1

	Packet size
	32 bytes at Layer 2 PDU

	Inter-packet arrival time
	1 message/2 hours/device

	Link level Channel model
	NLOS: TDL-iii
LOS: TDL-v
Note: Only NLOS is evaluated. 

	Delay spread 
	363.1 ns



[bookmark: _Ref521509535]Table 5. LLS assumption for NR/LTE-M

	Parameter
	NR
	LTE-M

	Physical channel
	PUSCH
	PUSCH

	Channel bandwidth
	180 kHz
	180 kHz

	Subcarrier spacing
	15 kHz
	15 kHz

	TBS
	32 64, 144, 184 bits
	32, 144, 256 bits

	Modulation
	QPSK
	QPSK, (16QAM for 256 TBS)

	# Repetitions
	N.A.
	N.A.

	HARQ
	N.A.
	N.A.

	Channel estimation
	Realistic
	Realistic

	Num of rx antenna
	2
	2

	Num of tx antenna
	1
	1
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