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1. Introduction
In RP-161023 [1], the SLS result has indicated the NB-IoT capacity performance with 200kHz channel is close to the 106 connections/km2 requirement for 5G mMTC. This shows the possibility to further enhance NB-IoT performance and make it become a valid solution for 5G mMTC. In Rel-15, we believe the NB-IoT enhancement should target on fulfilling all 5G mMTC requirements as the objective. This contribution will further investigate the possible gaps for NB-IoT to meet 5G mMTC requirement and accordingly suggests the scope for Rel-15 NB-IoT work.
2. Gap Analysis on NB-IoT per mMTC Requirement
Based on TR 38.913[2], requirements for mMTC include:
· 164dB MaxCL 
· less than 10 seconds latency 
· >10 years battery life (15 years is desirable) 
· 106 connections/km2 density
· ultra-low cost devices 
The following analysis discusses whether there is a gap for NB-IoT to meet the above requirements. Regarding the general capabilities like broadcast/multicast, indoor positioning, reduced device cost and power consumption, these having been already considered by Rel-14 NB-IoT are not be considered as gap in the following analysis.
Latency 
Based on the example analysis in Appendix A, the latency under 164dB MaxCL could be about 5.5 sec (assuming 3dB and 5dB noise figure with standalone mode). Considering the mMTC requirement of 10 sec, we expect NB-IoT can fulfill this requirement. Some possible and simple enhancements could be further considered to ensure larger margin (e.g. early termination to reducing UL data transmission time, etc.)  
UE Battery Life

Table 1 and Table 2 summarizes the estimated battery lifetime for NB-IoT CP and UP solution. The battery life analysis methodology follows TR 45.820 [3] and the details are shown in Appendix B. For a device under normal coverage (i.e. 144 dB MCL), there is no problem to fulfill a 10-year battery life requirement. At extreme coverage (i.e. 164dB MCL), the performance is very close the minimal requirement in some case. Since higher noise figures are assumed in [2], longer repetitions for each are expected. Therefore, some further enhancements should be needed to meet 10 years battery life or yield more margins and may make 15-year battery life reachable.
Observation 1:  Further enhancements should be needed to meet 10 years battery life with 5G assumptions 
Proposal 1: Further NB-IoT enhancements should be considered to meet 10y battery life under extreme coverage
Table 1 Estimated battery lifetime in years for NB-IoT CP solution
	Packet size, reporting interval
	 144 dB
	164 dB

	50 bytes, 1 day
	34.50 yr
	17.32 yr

	200 bytes, 1 day
	33.52 yr
	10.21 yr


Table 2 Estimated battery lifetime in years for NB-IoT UP solution
	Packet size, reporting interval
	 144 dB
	164 dB

	50 bytes, 1 day
	34.64 yr
	18.78 yr

	200 bytes, 1 day
	33.65 yr
	10.70 yr


Coverage
Based on the link-level simulations [4] (in Appendix C), NB-IoT can reach the target of 164 dB @160bps data rate by means of repetitions for UL. In addition, based on the simulation results for DL shown in [5], the DL data rate is > 2.1kbps with 164dB MaxCL assuming 5dB UE receiver noise figure. Therefore,  160bps data rate requirement for DL can be expected assuming 9dB UE noise figure. Therefore, support of extreme coverage with MCL = 164dB @ 160bps data rate is expected for NB-IoT with 5G assumptions. 
Connection Density
In RP-161023 [1]the SLS has shown the connection density performance by NB-IoT can reach the order of 105 connections/km2 by using a 200kHz channel. The updated SLS change the simulation assumption following the methodology used in Rel-14 5G SI for mMTC system performance evaluation (i.e. for multiple access evaluation) [7]The eNB antenna configuration of (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), 2 TXRU, and 1 TXRU maps to 1 antenna elements is used to reach MaxCL 164dB for Indoor UEs. Re-14 NB-IOT enhancement with 2 HARQ processes is adopted. The detailed simulation settings are shown in Appendix D. The simulation shown in Table 3 indicates the same order of connection density performance can also be reached by using 200kHz channels. Therefore, it is concluded that it is feasible for NB-IoT to meet 5G mMTC connection density requirement (i.e. 106 connections/km2) by using several 200kHz channels.
 Table 3 NB-IoT Connection Density Performance (per 200kHz channel BW)
	UL Packet Size
	# of Connections per km2 (with 200kHz channel BW)

	20 Bytes
	5.02×105

	40 Bytes
	2.30×105


For Rel-15 NB-IoT, it is proposed to further enhance the capacity performance in order to allow NB-IoT to fulfill 5G mMTC connection density requirement by using less spectrum (i.e. min number of 200kHz channels). Certain techniques studied in Rel-14 NR SI for mMTC (e.g. UL NOMA) should be considered for enhancing NB-IoT in Rel-15.
Observation 3: 5G mMTC connection density requirement of 106 connections per km2 is achievable by allocating several 200kHz channels.
Proposal 2: In Rel-15, Capacity enhancements for NB-IoT Rel-15 should be considered to minimize the amount of spectrum used (i.e. nr. of 200kHz channels) to fulfill the 5G mMTC connection density requirement.
Ultra low cost devices

NB-IoT was designed with low complexity as a key design criterion. In order to leverage the economies of scale of NB-IoT, any enhancement in Rel-15 should be a low-hanging fruit i.e. any implementation impact ought to be carefully assessed such that NB-IoT can to retain its primary characteristic.

Observation 4: 5G mMTC ultra low cost devices requirement (though “cost” cannot be a specification requirement) is expected to be achievable by means of NB-IoT’s economies of scale.

Proposal 3: Implementation impact of any Rel-15 NB-IoT enhancement ought to be carefully assessed such that NB-IoT can retain its primary characteristic and fulfill 5G mMTC requirement.
3. Summary
Based on the above analysis, the following observations are made:

Observation 1:  Further enhancements should be needed to meet 10 years battery life with 5G assumptions 
Observation 2: 5G mMTC coverage requirement can be met by NB-IoT (as already required at NB-IoT’s inception).

Observation 3: 5G mMTC connection density requirement of 106 connections per km2 is achievable with NB-IoT by allocating several 200kHz channels.
Observation 4: 5G mMTC ultra low cost devices requirement (though “cost” cannot be a specification requirement) is expected to be achievable by means of NB-IoT’s economies of scale.

Given the above observations, the following general observation can be made:

Observation 5: mMTC requirements for Next Generation Access Technologies in TR38.913 are expected to be met with NB-IoT and its evolution in Rel-15. 

These observations allow making the following proposals:

Proposal 1: Further NB-IoT enhancements should be considered to meet 10y battery life under extreme coverage.

Proposal 2: In Rel-15, Capacity enhancements for NB-IoT Rel-15 should be considered to minimize the amount of spectrum used (i.e. nr. of 200kHz channels) to fulfill the 5G mMTC connection density requirement.

Proposal 3: Implementation impact of any Rel-15 NB-IoT enhancement ought to be carefully assessed such that NB-IoT can retain its primary characteristic and fulfill 5G mMTC requirement.
Proposal 4: NB-IoT and its Rel-15 evolution should be targeted as a Next Generation i.e. 5G Access Technology.
With the above in mind we further propose that a short Rel-15 NB-IoT study item/phase be conducted to assess and characterize the gap from Rel-14 NB-IoT performance to 5G mMTC requirement and identify the possible enhancement directions. The KPIs include latency, UE battery life and connection density. Following this, the Rel-15 NB-IoT feature WI should address all 5G mMTC performance requirements, thus making NB-IoT a 5G Access Technology.
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Appendix A: Example Latency Analysis
For the latency analysis, we consider a NB-IOT device wakes up from PSS/eDRX and the device needs to go through the procedures of synchronization to the network, system information acquisition, random access and the data transmission. The latency analysis of NB-IOT control plane (CP) enhancement and user plane (UP) enhancement are provided, accordingly. 
Table 4 Latency analysis for NB-IOT CP enhancement
	NBIOT CP
	stand alone
	MCL 144dB (15KHz)
	MCL 164 dB (3.75KHz)

	Procedure
	Period (ms)
	Size (bits)
	tx (ms)
	rx (ms)
	idle (ms)
	tx (ms)
	rx (ms)
	idle (ms)

	PSS[8]
	10
	 
	 
	20
	 
	 
	100
	 

	SSS[9]
	20
	 
	 
	20
	 
	 
	34
	 

	MIB
	10
	34
	 
	2
	14
	 
	26
	230

	SIB1
	20
	208
	 
	10
	186
	 
	156
	2971

	Preamble[10]
	40
	 
	11
	 
	20
	168
	 
	20

	NPDCCH detection in RAR window
	 
	23
	 
	1
	3
	 
	4
	3

	RAR
	 
	80
	 
	4
	4
	 
	60
	4

	MSG3
	 
	88
	6
	 
	8
	267
	 
	8

	A/N for MSG3
	 
	1
	 
	1
	3
	 
	4
	3

	NPDCCH detection in CR window
	 
	23
	 
	1
	4
	 
	4
	4

	MSG4
	 
	168
	 
	8
	4
	 
	126
	4

	A/N for MSG4
	 
	1
	2
	 
	12
	8
	 
	12

	NPDCCH
	 
	23
	 
	1
	 
	 
	4
	 

	MSG5 (30B +20B)
	 
	400
	26
	 
	8
	1212
	 
	8

	A/N for MSG5
	 
	1
	 
	1
	3
	 
	4
	3

	total duration
	 
	 
	44
	68
	269
	1655
	522
	3271


Table 5 Latency analysis for NB-IOT UP enhancement
	NBIOT UP
	stand alone
	MCL 144dB (15KHz)
	MCL 164 dB (3.75KHz)

	Procedure
	Period (ms)
	Size (bits)
	tx (ms)
	rx (ms)
	idle (ms)
	tx (ms)
	rx (ms)
	idle (ms)

	PSS[8]
	10
	 
	 
	20
	 
	 
	100
	 

	SSS[9]
	20
	 
	 
	20
	 
	 
	34
	 

	MIB
	10
	34
	 
	2
	14
	 
	26
	230

	SIB1
	20
	208
	 
	10
	186
	 
	156
	2971

	Preamble[10]
	40
	 
	11
	 
	20
	168
	 
	20

	NPDCCH detection in RAR window
	 
	23
	 
	1
	3
	 
	4
	3

	RAR
	 
	80
	 
	4
	4
	 
	60
	4

	MSG3 (RRC resume request)
	 
	88
	6
	 
	8
	267
	 
	8

	A/N for MSG3
	 
	1
	 
	1
	3
	 
	4
	3

	NPDCCH detection in CR window
	 
	23
	 
	1
	4
	 
	4
	4

	MSG4 (RRC resume)
	 
	136
	 
	6
	4
	 
	102
	4

	A/N for MSG4
	 
	1
	2
	 
	12
	8
	 
	12

	NPDCCH
	 
	23
	 
	1
	 
	 
	4
	 

	MSG5 (Resume complete)
	 
	80
	5
	 
	8
	242
	 
	8

	A/N for MSG5
	 
	1
	 
	1
	3
	 
	4
	3

	NPDCCH
	 
	23
	 
	1
	 
	 
	4
	 

	UL Data (4+20B)
	 
	192
	12
	 
	8
	582
	 
	8

	A/N for UL Data
	 
	1
	 
	1
	3
	 
	4
	3

	total duration
	 
	 
	36
	69
	280
	1267
	506
	3282


Appendix B: Battery Life Analysis
Following the battery life evaluation methodology suggested in TR 45.820 [3], we provide the battery life of NB-IOT with CP and UP enhancements. Note that the whole procedures from synchronization, SI acquisition, RACH, RRC connection/RRC resume, UL data transmission, and RRC release are all considered. In addition, similar to TR 45.820, we also consider 1000msec scheduling delay and 20sec ready time. The results are shown as follows.
Table 6 Transmission, Reception and Idle time per report (ms) for NB-IoT CP enhancement
	
	144 dB
	164 dB

	Tx (50 bytes)
	63.78
	2398.06

	Tx (200 bytes)
	140.55
	6034.42

	Rx
	389.84
	1908.75

	Idle
	21297.38
	24298.50


Table 7 Transmission, Reception and Idle time per report (ms) for NB-IoT UP enhancement
	
	144 dB
	164 dB

	Tx (50 bytes)
	53.59
	2002.18

	Tx (200 bytes)
	130.36
	5638.55

	Rx
	386.70
	1846.59

	Idle
	21292.38
	24293.50


Appendix C: UL Coverage Analysis
Table 8 Simulation assumption 

	Parameters 
	Values or assumptions 

	Carrier Frequency 
	2 GHz 

	Waveform 
	SC-FDMA 

	Channel coding
	Turbo

	Numerology 
	15kHz and 3.75kHz as NB-IoT

	System Bandwidth 
	200kHz 

	Total allocated bandwidth for 
transmission 
	System BW is 200khz

Per UE occupied BW is 3.75kHz and 15kHz

	Overhead 
	2 DMRS symbols, no SRS, i.e., 144 available RE per RB for data transmission 

	BS antenna configuration 
	2 Rx 

	UE antenna configuration 
	1Tx 

	Transmission mode 
	TM1 (refer to TS36.213) 

	Propagation channel & UE velocity 
	TDL-C (400ns) 3km/h for multi-tone

TDL-C (400ns) 1Hz Doppler for single tone 

	Max number of HARQ transmission 
	1

	Given BLER level (to calculate sum throughput) 
	0.1 for 1 transmission 


Table 9 UE data rate in different MCL

	Scheme 
	3.75kHz Single tone
	15kHz Single tone

	UE data rate(kbps)
	0.3125
	3.875
	5.5
	0.21875
	5.5
	22

	Transmitter
	　
	　
	　
	　
	　
	　

	(1) Tx power  (dBm)
	23
	23
	23
	23
	23
	23

	Receiver
	　
	　
	　
	　
	　
	　

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	3750
	3750
	3750
	15000
	15000
	15000

	(6) Effective noise power = (2) + (3) + (4) + 10 log(5)  (dBm)
	-133.26 
	-133.26 
	-133.26 
	-127.24 
	-127.24 
	-127.24 

	(7) Required SI5G (dB)
	-8.88 
	1.19 
	5.08 
	-13.94 
	-3.95 
	4.98 

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-142.13 
	-132.07 
	-128.18 
	-141.18 
	-131.19 
	-122.26 

	(9) MCL= (1) - (8) (dB)
	165.13 
	155.07 
	151.18 
	164.18 
	154.19 
	145.26 


Appendix D
Assumptions for system level simulations
The setup for system level simulation follows the assumptions for 5G mMTC and UL MA [7]. The maximum transmit power for UL is 23dBm for multi-tone and single-tone modes. NB-IoT UL power control is applied.  

Table 10 Assumptions for system level simulations (Standalone mode)

	Attributes  
	Values or assumptions  

	Layout  
	Single layer - Macro layer: Hex. Grid  

	Inter-BS distance  
	1732m  

	Carrier frequency  
	700MHz  

	Simulation bandwidth  
	1 PRBs (200 KHz)  

	Channel model  
	3D UMa 

	Tx power  
	UE: Max 23dBm 

	BS antenna configuration  
	Rx: 2

	BS antenna pattern  
	(M, N, P, Mg, Ng) = (1,1,2,1,1), 
2 TXRU, one TXRU maps to 1 antenna element

	BS antenna height  
	25m 

	BS antenna tilt  
	96  

	BS antenna element gain + connector loss  
	8 dBi, including 3dB cable loss  

	BS receiver noise figure  
	5 dB  

	UE antenna elements  
	1Tx 

	UE antenna height  
	1.5m  

	UE antenna gain  
	-4dBi  

	Traffic model  
	FTP model 3 with average 20 devices per sector 

	Packet size
	Fixed 20/ 40 Bytes

	UE distribution  
	20% of users are outdoors (3km/h) 

	
	80% of users are indoor (3km/h)  

	
	Users dropped uniformly in entire cell  

	UL power control  
	Open loop power control 

	Channel estimation 
	Ideal channel estimation

	Channel coding
	LTE Turbo code


