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Introduction
[bookmark: _Ref421460494]At RAN#74 it was agreed that “3GPP’s IMT-2020 self-evaluations towards mMTC requirements will assess NB-IoT and/or LTE eMTC” [1]. To prepare for these self-evaluations it is proposed to assess the NB-IoT performance in a short study phase during the beginning of the feNB-IoT Release 15 work item [3]. The intention of this assessment is to identify potential gaps between NB-IoT performance and the 5G mMTC requirements. The normative phase of the feNB-IoT work item can then be used to bridge these gaps.
Technical Report (TR) 38.913 Study on Scenarios and Requirements for Next Generation Access Technologies [2] identifies four key performance indicators for mMTC that should be addressed during this work:
· Support coverage of 164 dB Maximum Coupling Loss (MCL).
· Support latency of at most 10 seconds. 
· Support UE battery life beyond 10 years.
· Support connection density of 1 000 000 devices per square km.
To use the time efficiently in Release 15 it is important to make this study phase as short as possible. To facilitate this Ericsson has already in a set of contributions presented and proposed mMTC performance evaluation methodologies [4], [5], [6]. In this paper we use these methodologies to evaluate and present Release-14 NB-IoT performance. 
NB-IoT performance
Coverage
Coverage has been identified as a key enabler for mMTC applications. For the 5G evaluations a target of 164 dB maximum coupling loss (MCL) has been agreed. At this coverage a data rate of 160 bps is to be achieved. Besides the agreements captured  in TR 38.913 the sourcing company proposes to reuse the methods captured in TR 45.820 [7] when evaluating coverage.
Table 3 summarizes a collection of results from a recent simulation campaign. The data rates are taking the 10% BLER into account. The results clearly indicates the potential of NB-IoT to meet the 5G MCL requirements. The NPDSCH SIB1-NB performance is reported here for completeness. A NB-IoT device is only mandated to read the SIB1-NB in case its content has been updated, as indicated by the MIB.
It should be noted that in TR 38.913 noise figures of 5 and 9 dB have been agreed for the eNB and UE, respectively. The herein presented evaluations follows the Release 13 noise figure assumptions of 3 dB and 5 dB for the eNB and UE, respectively.

Table 1 NB-IoT in-band.
	 
	Physical channel name
	NPUSCH F2
	NPRACH
	NPUSCH F1 
	NPDSCH
	NPDCCH
	NPBCH, MIB-NB
	NPDSCH, SIB1-NB
	NPSS/ NSSS

	1
	BLER target [%]
	10%
	1%
	10%
	10%
	10%
	10%
	10%
	90th perc

	2
	TBS [bits]
	-
	-
	872
	680
	-
	-
	208
	-

	3
	Repetitions
	8
	32
	32
	128
	128
	-
	32
	 

	4
	Data rate [bps]. Acquisition time [ms]
	-
	-
	307 bps
	598 bps
	-
	640 ms
	5120 ms
	1284 ms

	 

	5
	Total Tx power  [dBm]
	23
	23
	23
	46
	46
	46
	46
	46

	 
	Power boosting [dB]
	-
	-
	-
	6
	6
	6
	6
	6

	6
	Actual Tx power [dBm]
	23
	23
	23
	35.0
	35.0
	35.0
	35.0
	35.0

	 

	7
	Thermal noise [dBm/Hz]
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	8
	Receiver noise figure [dB]
	3
	3
	3
	5
	5
	5
	5
	5

	9
	Interference margin [dB]
	0
	0
	0
	0
	0
	0
	0
	0

	10
	Channel bandwidth [kHz]
	15
	3.75
	15
	180
	180
	180
	180
	180

	11
	Effective noise power [dBm]
	 
	 
	 
	 
	 
	 
	 
	 

	 
	= (7)+(8)+(9)+10log10((10)) 
	-129.2
	-135.3
	-129.2
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4

	12
	Required SINR [dB]
	-12.2
	-5.7
	-13.2
	-12.6
	-12.6
	-12.6
	-12.6
	-12.6

	13
	Dual antenna receiver sensitivity [dBm]  = (11)+(12) 
	-141.4
	-141.0
	-142.4
	-129.0
	-129.0
	-129.0
	-129.0
	-129.0

	14
	MCL [dB] = (6)-(10)
	164.4
	164.0
	165.4
	164.1
	164.1
	164.1
	164.1
	164.1



Table 2 NB-IoT guard-band.
	 
	Physical channel name
	NPUSCH F2
	NPRACH
	NPUSCH F1 
	NPDSCH
	NPDCCH
	NPBCH. MIB-NB
	NPDSCH. SIB1-NB
	NPSS/ NSSS

	1
	BLER target [%]
	10%
	1%
	10%
	10%
	10%
	10%
	10%
	90th perc

	2
	TBS [bits]
	-
	-
	872
	680
	-
	-
	208
	-

	3
	Repetitions
	8
	32
	32
	128
	64
	-
	32
	 

	4
	Data rate [bps]. Acquisition time [ms]
	-
	-
	307 bps
	797 bps
	-
	640 ms
	5120 ms
	1014 ms

	 

	5
	Total Tx power  [dBm]
	23
	23
	23
	46
	46
	46
	46
	46

	 
	Power boosting [dB]
	-
	-
	-
	6
	6
	6
	6
	6

	6
	Actual Tx power [dBm]
	23
	23
	23
	35.0
	35.0
	35.0
	35.0
	35.0

	 

	7
	Thermal noise [dBm/Hz]
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	8
	Receiver noise figure [dB]
	3
	3
	3
	5
	5
	5
	5
	5

	9
	Interference margin [dB]
	0
	0
	0
	0
	0
	0
	0
	0

	10
	Channel bandwidth [kHz]
	15
	3.75
	15
	180
	180
	180
	180
	180

	11
	Effective noise power [dBm]
	 
	 
	 
	 
	 
	 
	 
	 

	 
	= (7)+(8)+(9)+10log10((10)) 
	-129.2
	-135.3
	-129.2
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4

	12
	Required SINR [dB]
	-12.2
	-5.7
	-13.2
	-12.6
	-12.6
	-12.6
	-12.6
	-12.6

	13
	Dual antenna receiver sensitivity [dBm]  = (11)+(12) 
	-141.4
	-141.0
	-142.4
	-129.0
	-129.0
	-129.0
	-129.0
	-129.0

	14
	MCL [dB] = (6)-(10)
	164.4
	164.0
	165.4
	164.1
	164.1
	164.1
	164.1
	164.1



[bookmark: _Ref475711506]Table 3 NB-IoT stand-alone.
	 
	Physical channel name
	NPUSCH F2
	NPRACH
	NPUSCH F1 
	NPDSCH
	NPDCCH
	NPBCH. MIB-NB
	NPDSCH. SIB1-NB
	NPSS/ NSSS

	1
	BLER target [%]
	10%
	1%
	10%
	10%
	10%
	10%
	10%
	90th perc

	2
	TBS [bits]
	-
	-
	872
	680
	-
	-
	208
	-

	3
	Repetitions
	8
	32
	32
	32
	32
	-
	8
	 

	4
	Data rate [bps]. Acquisition time [ms]
	-
	-
	307 bps
	3188 bps
	-
	200 ms
	1280 ms
	364 ms

	 

	5
	Total Tx power  [dBm]
	23
	23
	23
	43
	43
	43
	43
	43

	 
	Power boosting [dB]
	-
	-
	-
	0
	0
	0
	0
	0

	6
	Actual Tx power [dBm]
	23
	23
	23
	43
	43
	43
	43
	43

	 

	7
	Thermal noise [dBm/Hz]
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	8
	Receiver noise figure [dB]
	3
	3
	3
	5
	5
	5
	5
	5

	9
	Interference margin [dB]
	0
	0
	0
	0
	0
	0
	0
	0

	10
	Channel bandwidth [kHz]
	15
	3.75
	15
	180
	180
	180
	180
	180

	11
	Effective noise power [dBm]
	 
	 
	 
	 
	 
	 
	 
	 

	 
	= (7)+(8)+(9)+10log10((10)) 
	-129.2
	-135.3
	-129.2
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4

	12
	Required SINR [dB]
	-12.2
	-5.7
	-13.2
	-4.6
	-4.6
	-4.6
	-4.6
	-4.6

	13
	Dual antenna receiver sensitivity [dBm]  = (11)+(12) 
	-141.4
	-141.0
	-142.4
	-121.0
	-121.0
	-121.0
	-121.0
	-121.0

	14
	MCL [dB] = (6)-(10)
	164.4
	164.0
	165.4
	164.0
	164.0
	164.0
	164.0
	164.0



Latency
The latency of NB-IoT to deliver 85 bytes using the RRC Resume procedure is captured in the below table. The methodology followed is presented in [5]. It is seen that a latency between 4.8 and 7.5 second is required to deliver 85 bytes at the MCL of 164 dB. Again this indicates the potential of NB-IoT to meet the mMTC KPIs. 
The improvement seen at 164 dB compared with the results presented in [5] is due to that a NPDCCH and NPUDSCH F2 BLER target of 10% has been used here, and that the NPBCH performance is improved. When simulating NPBCH performance it was assumed that NRS are present on all sub-frames.
Table 4 NB-IoT Release 14 latency.
	Coupling loss [dB]
	Latency [s]

	
	Standalone
	Guardband
	Inband

	144 dB
	0.5
	0.5
	0.5

	154 dB
	1.0
	1.3
	1.4

	164 dB
	4.8
	7.1
	7.5



Battery life
The battery life of NB-IoT for small infrequent data transmission is captured in the below table. The methodology followed is presented in [4]. Compared to the results presented in [4] the average acquisition time of the NPDCCH and NPBCH was used. At 164 dB the NPDCCH and NPUDSCH F2 BLER target of 10% was used. NPBCH performance was also improved. This explains the somewhat improved results.
It is seen that 10 years battery life is achievable for 200 bytes uplink transmission once per day.
[bookmark: _Ref475713429]Table 5 NB-IoT Release 14 battery life.
	Reporting interval 
	DL Packet size 
	UL Packet size 
	Battery life [Years]

	
	
	
	144 dB CL
	154 dB CL
	164 dB MCL

	
	
	
	S
	G
	I
	S
	G
	I
	S
	G
	I

	2 hours
	65 bytes
	50 bytes
	21.8
	22.1
	22.1
	12.8
	12.6
	12.3
	2.9
	2.7
	2.6

	
	
	200 bytes
	19.7
	19.9
	19.9
	7.9
	7.8
	7.6
	1.3
	1.2
	1.2

	24 hours
	
	50 bytes
	36.1
	36.1
	36.1
	32.9
	32.8
	32.6
	19.0
	18.1
	17.7

	
	
	200 bytes
	35.6
	35.6
	35.6
	29
	28.9
	28.7
	11.1
	10.8
	10.6



Connection density
[bookmark: _GoBack]The connection density of NB-IoT in-band mode of operation derived from system simulations presented in [6] are shown in Table 6. The service latency recorded at this extreme load is summarized in Table 7. These findings indicate that the target of 1000 000 device per square kilometre can be served by ~10 NB-IoT PRBs.
[bookmark: _Ref474705111]Table 6 NB-IoT Release 14 connection density.
	Case
	NB-IoT anchor
	NB-IoT non-anchor

	Connection density @ 1% outage
	67 000 devices/km2
	110 000 devices/km2



[bookmark: _Ref474784560]Table 7 NB-IoT srvice latency at extreme load.
	Percentile
	NB-IoT anchor latency
	NB-IoT non-anchor latency

	50th percentile
	0.49 s
	0.62 s

	90th percentile
	1.4 s
	2.5 s

	99th percentile
	39 s
	35 s



Conclusions
In this paper we present an initial assessment of NB-IoT performance in terms of coverage, latency, battery life and connection density. The evaluations are based on a set of methodologies intended to be used in the Release 15 feNB-IoT and efeMTC work items for mMTC performance evaluations. The results indicates a potential to meet the 5G mMTC requirements, but also indicates that there is room for improvement if the mMTC requirements are to be met for the more conservative UE and eNB noise figures agreed in TR 38.913.
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