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1. Introduction
This is a resubmission of R1-1804112.
At RAN#77 meeting, the preliminary work plan of self evaluation was agreed in [1], where a three-step plan is made. At RAN#78 meeting, it was agreed in [2] that 3GPP will start Step 2 activity for self evaluation study, which includes the performance evaluation against the eMBB, mMTC and URLLC technical performance requirements as defined in Report ITU-R M.2410 (see [3]). 
According to Report ITU-R M.2412 [4], simulation is needed to evaluate spectral efficiency (average, 5th percentile user), mobility, user experience data rate, connection density and reliability. Some performace requirements, e.g., mobility in eMBB (Indoor Hotspot-eMBB, Dense Urban-eMBB, and Rural-eMBB), reliability in URLLC (Urban Macro – URLLC), and connection density in mMTC (Urban Macro – mMTC), need to be evaluated with both system-level simulation (SLS) and link-level simulation (LLS), wherein SLS is used to provide the overall UL SINR values.
In this contribution, we focus on the connection density in mMTC scenario, and provide the preliminary SLS evaluation results of UL SINR.
2. Evaluation methodology
In Report ITU-R M.2412 (see[4]), the evaluation method of connection density is defined as following.
	The following steps are used to evaluate the connection density based on full-buffer system-level simulation followed by link-level simulation.
· 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.



It can be found that both system level simulation (SLS) and link level simulation (LLS) are used to evaluate connection density, wherein, SLS is used to output 1%~99%-tile uplink SINR values, which are further used in LLS to evaluate connection density in mMTC scenario (Urban Macro-mMTC).
In this document, we provide the preliminary evaluation results of UL SINR in mMTC scenario. The general evaluation assumptions can be found in [5], while some additional evaluation assumptions are provided in Table 1.
Table 1. Additional SLS evaluation configuration for UL SINR
	UL power control method
	Only open loop UL power control is used, i.e.,

where,  is selected from , , 

	UE density
	10 UEs per TRxP 

	UL SINR calculating method
	Long-term average pre-processing UL SINR is provided, wherein, 
· “pre-processing SINR” means that the SINR is calculated on a Rx antenna port with respect to a Tx antenna port, i.e., only analog beamforming is involved, while digital beamforming is not involved.
· “long-term average” means the SINR values for each UE are first linearly averaged over all scheduled PRBs in one TTI, and then linearly averaged over all TTIs. 

	UL Scheduling method
	Random scheduling is used, while the following rules are applied
(1) all PRB resources are allocated
(2) the PRB resources allocated to each UE are continuous
(3) the transmission power per PRB is decided by open loop UL power control, while the maximum allocated PRB resource number is limited to ensure that the total transmission power over the allocated PRB resources does not exceed the maximum UE power (e.g., 23 dBm)
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[bookmark: _Ref505947168]Figure 1. UL SINR distribution for Urban Macro-mMTC Config A with Channel ModelA.
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Figure 2. UL SINR distribution for Urban Macro-mMTC Config A with Channel ModelB.
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Figure 3. UL SINR distribution for Urban Macro-mMTC Config B with Channel ModelA.
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Figure 4. UL SINR distribution for Urban Macro-mMTC Config B with Channel ModelB.

For Urban Macro-mMTC test environments, the UL SINR CDF curves are given in Figure 1~4, and three typical UL power control parameters, e.g., , , , are used and compared. From the simulation results, it can be seen that UL power control parameters have significant impact on UL SINR CDF, and companies need to provide the chosen UL power control parameters along with their simulation results. It also can be seen that  provides balanced cell edge and cell average performance for Urban Macro-mMTC Config A, while  provides balanced cell edge and cell average performance in Urban Macro-mMTC Config B.

Table 2 summarized the 1%~99%-tile UL SINR values in mMTC scenario using UL power control parameter  for Urban Macro-mMTC Config A and  for Urban Macro-mMTC Config B. 
Table 2. UL SINR (dB) values in mMTC scenarios
	Test environment
	Urban Macro-mMTC

	Config
	Config A
	Config B

	Channel Model
	Model A
	Model B
	Model A
	Model B

	Power control parameters
	
	

	1%-tile
	-2.54594
	-3.82117
	-4.82329
	-5.04318

	2%-tile
	-0.87897
	-1.60034
	-3.6166
	-3.23166

	3%-tile
	0.125524
	-0.449842
	-2.7174
	-2.45117

	4%-tile
	0.725002
	0.184992
	-2.03461
	-1.81276

	5%-tile
	1.27911
	0.876336
	-1.42258
	-1.3941

	6%-tile
	1.57898
	1.63623
	-0.93612
	-0.840581

	7%-tile
	2.04155
	1.90018
	-0.526488
	-0.406712

	8%-tile
	2.58649
	2.33766
	-0.188185
	-0.18307

	9%-tile
	2.93273
	2.7051
	0.005268
	0.108014

	10%-tile
	3.19807
	3.0602
	0.221794
	0.385148

	11%-tile
	3.54802
	3.34986
	0.406453
	0.574936

	12%-tile
	3.79654
	3.65992
	0.60499
	0.787684

	13%-tile
	4.01511
	3.86646
	0.844014
	0.924002

	14%-tile
	4.25538
	4.04697
	0.966915
	1.12657

	15%-tile
	4.44693
	4.22046
	1.17071
	1.2873

	16%-tile
	4.58906
	4.5758
	1.44189
	1.40772

	17%-tile
	4.73558
	4.85175
	1.58494
	1.57958

	18%-tile
	4.8437
	4.99423
	1.71097
	1.71933

	19%-tile
	5.04231
	5.11298
	1.85365
	1.87122

	20%-tile
	5.27269
	5.20587
	1.99437
	2.00214

	21%-tile
	5.40129
	5.37724
	2.12661
	2.08376

	22%-tile
	5.5454
	5.57042
	2.27334
	2.24363

	23%-tile
	5.70214
	5.73481
	2.41538
	2.38041

	24%-tile
	5.85183
	5.89682
	2.51271
	2.50793

	25%-tile
	6.02344
	6.02204
	2.62394
	2.64118

	26%-tile
	6.12215
	6.20459
	2.72834
	2.75576

	27%-tile
	6.24071
	6.33435
	2.83178
	2.86982

	28%-tile
	6.38825
	6.47056
	2.92953
	2.94619

	29%-tile
	6.52224
	6.63982
	3.08666
	3.02398

	30%-tile
	6.63354
	6.8051
	3.20764
	3.09339

	31%-tile
	6.80731
	6.94892
	3.30301
	3.1746

	32%-tile
	6.96845
	7.03192
	3.37096
	3.2819

	33%-tile
	7.12647
	7.12552
	3.48246
	3.37411

	34%-tile
	7.22599
	7.23353
	3.57032
	3.47534

	35%-tile
	7.32405
	7.30983
	3.66699
	3.54052

	36%-tile
	7.45533
	7.43762
	3.76232
	3.62103

	37%-tile
	7.62483
	7.54796
	3.85541
	3.71369

	38%-tile
	7.73601
	7.65587
	3.95644
	3.76685

	39%-tile
	7.81541
	7.75891
	4.01894
	3.8475

	40%-tile
	7.95154
	7.85609
	4.10543
	3.93258

	41%-tile
	8.0365
	8.06845
	4.18999
	4.02612

	42%-tile
	8.12053
	8.19633
	4.2694
	4.07241

	43%-tile
	8.28951
	8.35168
	4.35089
	4.13758

	44%-tile
	8.38609
	8.51506
	4.41935
	4.18074

	45%-tile
	8.45167
	8.56218
	4.51132
	4.26446

	46%-tile
	8.57773
	8.75989
	4.56555
	4.34304

	47%-tile
	8.77739
	8.87348
	4.65332
	4.4513

	48%-tile
	8.90442
	8.95493
	4.73011
	4.55752

	49%-tile
	8.99911
	9.0428
	4.79591
	4.65949

	50%-tile
	9.10117
	9.13644
	4.85052
	4.74592

	51%-tile
	9.23576
	9.21379
	4.93286
	4.80519

	52%-tile
	9.32693
	9.32303
	5.00841
	4.89097

	53%-tile
	9.40777
	9.4665
	5.07287
	4.97387

	54%-tile
	9.57594
	9.58245
	5.17592
	5.04744

	55%-tile
	9.69368
	9.6759
	5.24617
	5.12397

	56%-tile
	9.77897
	9.76847
	5.32854
	5.21576

	57%-tile
	9.93687
	9.87455
	5.45837
	5.26041

	58%-tile
	10.0653
	9.95955
	5.50818
	5.34721

	59%-tile
	10.1363
	10.0535
	5.57257
	5.413

	60%-tile
	10.3004
	10.1517
	5.65858
	5.50244

	61%-tile
	10.4047
	10.2636
	5.72365
	5.55429

	62%-tile
	10.5878
	10.4185
	5.84409
	5.63195

	63%-tile
	10.7264
	10.498
	5.91696
	5.71329

	64%-tile
	10.8734
	10.5629
	5.99464
	5.78864

	65%-tile
	10.9835
	10.6322
	6.05777
	5.86366

	66%-tile
	11.1023
	10.7147
	6.17957
	5.92684

	67%-tile
	11.2125
	10.8399
	6.2515
	5.9989

	68%-tile
	11.3119
	10.9617
	6.33336
	6.09517

	69%-tile
	11.4153
	11.0316
	6.42578
	6.16992

	70%-tile
	11.5711
	11.0857
	6.51776
	6.2388

	71%-tile
	11.6413
	11.2208
	6.58692
	6.32427

	72%-tile
	11.7648
	11.3226
	6.6593
	6.38497

	73%-tile
	11.9186
	11.517
	6.75566
	6.46889

	74%-tile
	12.0588
	11.6783
	6.86345
	6.59045

	75%-tile
	12.2264
	11.7621
	6.96035
	6.67805

	76%-tile
	12.3442
	11.8758
	7.05275
	6.75936

	77%-tile
	12.4458
	12.054
	7.16692
	6.87092

	78%-tile
	12.559
	12.2102
	7.27292
	6.93102

	79%-tile
	12.707
	12.374
	7.36943
	6.97495

	80%-tile
	12.8538
	12.5229
	7.48149
	7.07792

	81%-tile
	12.9895
	12.7063
	7.56023
	7.1847

	82%-tile
	13.1775
	12.7776
	7.67138
	7.28207

	83%-tile
	13.368
	13.099
	7.8039
	7.37425

	84%-tile
	13.5389
	13.2432
	7.90008
	7.48519

	85%-tile
	13.7473
	13.4535
	8.01394
	7.59735

	86%-tile
	13.9429
	13.5943
	8.15102
	7.72683

	87%-tile
	14.1432
	13.821
	8.30183
	7.86823

	88%-tile
	14.3611
	14.0482
	8.41975
	8.01546

	89%-tile
	14.724
	14.3141
	8.62558
	8.12887

	90%-tile
	14.9842
	14.4743
	8.84017
	8.23647

	91%-tile
	15.2398
	14.6914
	8.97757
	8.36575

	92%-tile
	15.4981
	14.9115
	9.15912
	8.55654

	93%-tile
	15.7273
	15.2791
	9.39313
	8.72186

	94%-tile
	16.2378
	15.5141
	9.60031
	8.96651

	95%-tile
	16.6386
	15.8044
	10.0958
	9.23582

	96%-tile
	17.1849
	16.2403
	10.3837
	9.60494

	97%-tile
	17.5496
	16.7304
	10.7806
	10.0594

	98%-tile
	18.287
	17.4364
	11.1501
	10.4766

	99%-tile
	19.4984
	18.41
	12.0275
	11.2553



Observation 1:  UL power control parameter has significant impact on UL SINR distribution for mMTC scenarios, and companies need to provide their chosen UL power control parameters along with their simulation results. For Urban Macro-mMTC Config A,  provides balanced cell edge and cell average performance, while for Urban Macro-mMTC Config B  provides balanced cell edge and cell average performance.

3. Conclusions
In this contribution, we provide our preliminary evaluation results for connection density evaluation in mMTC scenarios. We have the following observations.
Observation 1:  UL power control parameter has significant impact on UL SINR distribution for mMTC scenarios, and companies need to provide their chosen UL power control parameters along with their simulation results. For Urban Macro-mMTC Config A,  provides balanced cell edge and cell average performance, while for Urban Macro-mMTC Config B  provides balanced cell edge and cell average performance.
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