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Introduction
There was an approved Study Item on Self Evaluation towards IMT-2020 submission in the RAN#75 meeting, which mainly focuses on evaluated RAN technologies based on Rel-15 and beyond to satisfy all ITU-R IMT-2020 requirements. Then 3GPP RAN#81 has finished working on the finalization of the updated submission of 3GPP “5G” technology to ITU-R WP5D.
At RAN#77 meeting, the general work plan of self evaluation is approved [1]. Moreover, “[ITU-R AH 01] Calibration for self-evaluation”[2] has been set up for discussion on calibration and collection of calibration results. It is observed that the calibration results are well aligned according to the results collected so far for InH_x, UMa_x and RMa_x in all IMT-2020 defined test environments.
Moreover, At RAN#80, an approved Way forward shown Urban Macro – mMTC should be evaluated by LTE [3]. In this contribution, evaluated ISD=500m’s results on Connection Density of NR will be introduced by full-buffer system-level simulation followed by link-level simulation.
Full-buffer system-level simulation followed by link-level simulation
In the system-level part, the main difference between NB-IoT and NR is uplink bandwidth, which 180 kHz is applied for obtaining NR UL SINR distribution, while 15kHz for NB-IoT’s in LTE.
NR
NR SINR distributions are shown in Figure1 by Full buffer system level simulation. However, in the part of link level simulation, NR link adoption is supported. Table 1 presents that NR can meet the IMT-2020 connection density target by 180kHz bandwidth.
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Figure1 the Uplink SINR distribution of NR, ISD=1732m
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Figure2 the Uplink SINR distribution of NR, ISD=500m
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Figure3 NR link spectral efficiency


	Urban Macro-mMTC
	UMa_a
	UMa_b

	Configuration B,
ISD=1732
	1 097 584
	1 424 456

	Configuration A,
ISD=500
	38 587 923
	38 782 519


[bookmark: _Ref510556872]Table 1 Connection density NR
Observation1: NR can meet Connection Density in Urban Marco-mMTC test environment by full-buffer system-level simulation followed by link-level simulation for ISD=1732m & 500m.
LTE NB-IoT
In LTE side, NB-IoT SINR distributions are shown in Figure 2 by Full buffer system level simulation. However, in the part of link level simulation, 1, 2, 4, 8, 16 repetitions were simulated to reach link spectral efficiency for different SINR values, which comes from system level simulation’s results. A fixed TBS of 256 bits was simulated, which exactly matches the agreed packet size of 32 bytes. Table2 presents that NR meets the IMT-2020 connection density target by 180 kHz system bandwidth.
[image: mmtc1732 NB]
Figure4 the Uplink SINR distribution of NB-IoT, ISD=1732m
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Figure4 LTE NB-IoT link spectral efficiency
	Urban Macro-mMTC
	UMa_a
	UMa_b

	Configuration B,
ISD=1732
	2 221 984
	2 244 167


Table 2 Connection density LTE NB-IoT
Observation2: LTE NB-IoT can meet Connection Density in Urban Marco-mMTC test environment by full-buffer system-level simulation followed by link-level simulation for ISD=1732m.
Conclusion
In this document, we provide our considerations on evaluation results of Connection Density towards IMT-2020 submission. Furthermore, both NR and NB-IoT connection density performance are shown for the full buffer evaluation procedure. It has been clearly shown that both two technologies with margin meets the requirement of 10^6 devices/km2.
Observation1: NR can meet Connection Density in Urban Marco-mMTC test environment by full-buffer system-level simulation followed by link-level simulation for ISD=1732m & 500m.
Observation2: LTE NB-IoT can meet Connection Density in Urban Marco-mMTC test environment by full-buffer system-level simulation followed by link-level simulation for ISD=1732m.
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Appendix 
Table A-1 UL system level configuration parameters for Connection Density  
	Parameter
	NR
	NB-IoT

	System bandwidth
	180kHz
	15 kHz

	Number of BS antenna elements per TRxP
	16Rx cross-polarized antenna,
(M,N,P,Mg,Ng) = (8,1,2,1,1),
(dH,dV) = (N/A, 0.8)λ

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

	Number of UE antenna elements
	1Tx

	Number of TXRU per UE
	1TXRU

	UE antenna element pattern
	Omni-directional

	Channel model variant
	Alt. 1: Channel model A
Alt. 2: Channel model B

	TRxP per site
	3

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

	Electronic tilt
	99° for configuration A
93° for configuration B

	TRxP boresight
	30 / 150 / 270 degrees
[image: ]

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	Wrapping around method
	Radio distance based wrapping

	Minimum distance of TRxP and UE
	10 m

	Polarized antenna model
	Model-2 in TR36.873

	System layout
	7 sites, 3 sectors per site

	UL Power control SINR target
	P0= -110，Alpha=1



Table A-2 Link level configuration parameters for Connection Density  
	Parameter
	NR
	NB-IoT

	Physical channel
	PUSCH
	NPUSCH F1

	Channel bandwidth
	180 kHz
	15 kHz

	Subcarrier spacing
	15 kHz
	15 kHz

	TBS
	32, 42, 48, 64, 80, 104, 144, 168, 184 bits
	256 bits

	Modulation
	QPSK
	QPSK/BPSK

	# Resource units
	-
	2, 3, 4, 5, 6, 8, 10 

	# Repetitions
	-
	1, 2, 4, 8, 16

	Channel estimation
	Realistic
	Realistic

	SNR range
	-20…15dB
	-20…15 dB

	 Channel model
	NLOS: TDL-C
	NLOS: TDL-C
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