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Introduction
[bookmark: _Ref178064866]The 3GPP Study Item on Self Evaluation towards IMT-2020 Submission [1] is evaluating the performance for the use cases eMBB, mMTC and URLLC. In this contribution we present mMTC results for NB-IoT and LTE Bandwidth reduced Low complexity (BL) UEs operating in Coverage Enhanced (CE) modes A and B, hereafter referred to as LTE-M, in terms of coverage, data rate, latency and battery life. These key performance indicators are part of the set of 3GPP mMTC 5G requirements [4]. The evaluations are performed for the IMT-2020 mMTC simulation configurations [5]. 
Coverage
At RAN#81 TR 37.910 [3], which contains the results from the IMT-2020 self-evaluation, was agreed. Part of the results are link budget templates that for NB-IoT and LTE-M presents coverage for the (M/N)PDCCH, (N)PDSCH, (N)PUSCH F1, PUCCH and NPUSCH F2. The details of the mMTC link level evaluations in TR 37.910 can be found in RP-181889 IMT-2020 self-evaluation: mMTC link budget [2]. Here we complete the coverage evaluation for LTE-M and NB-IoT by adding the (N)PSS, (N)SSS, (N)PBCH and (N)PRACH to the set of evaluated physical channels and signals.
The simulation assumptions are presented in Table 1. Note that we here are evaluation the TDL-iii, 2 Hz, channel model and are assuming a device NF of 7 dB as specified in [5] and used in TR 37.910. 
The eNB is configured to use 4 receive branches. In the DL TM2 based on 2 transmitters is used in all cases except for the (N)PSS/(N)SSS transmissions where 4 transmitters are used to improve the spatial diversity. The device is configured with single receive and transmit branches.
NB-IoT was evaluated for the guardband mode of operation which is suitable for operating within a NR carrier.
[bookmark: _Ref529515864]Table 1: Simulation configurations.
	Parameters
	Config. A

	Technologies
	LTE-M FDD and NB-IoT FDD

	Physical channels
	NB-IoT: NPSS, NSSS, NPBCH, NPDCCH, NPDSCH, NPRACH, NPUSCH F1, NPUSCH F2
LTE-M: PSS, SSS, PBCH, MPDCCH, PDSCH, PRACH, PUSCH, PUCCH

	Channel models
	TDL-iii (NLOS)

	Doppler
	2 Hz

	eNB RX/TX
	4/2 and 4/4

	eNB power
	46 dBm

	eNB NF
	5 dB

	Device RX/TX 
	1/1

	Transmission mode
	TM2 at eNB; TM1 at UE

	eNB power
	29 dBm per PRB (corresponding to a 10 MHz system with 46 dBm)
6 dB power boosting for NB-IoT.
3 dB power boosting for LTE-M PSS/SSS/PBCH.

	UE power
	23 dBm

	UE NF
	7 dB

	NB-IoT mode of operation
	Guardband



Table 2 presents the NB-IoT coverage performance in terms of Maximum Coupling Loss (MCL).
[bookmark: _Ref529516017]Table 2: NB-IoT link level results for TDL-iii, 2 Hz.
	Physical channel
	NPSS/NSSS
	NPBCH
	NPDCCH
	NPDSCH
	NPRACH
	NPUSCH F1
	NPUSCH F2

	Power
	35
	35
	35
	35
	23
	23
	23

	Bandwidth [kHz]
	180
	180
	180
	180
	3.75
	15
	15

	TBS [Bits]
	-
	24
	23
	680
	-
	1000
	1

	#RU/#SF/AL
	-
	-
	2
	10
	1
	8
	1

	#Rep/Aqusition time
	1280 ms
	1280 ms
	512
	128
	32
	32
	16

	#TX/#RX
	4TX/1RX
	2TX/1RX
	2TX/1RX
	2TX/1RX
	1TX/4RX
	1TX/4RX
	1TX/4RX

	BLER
	10%
	10%
	1%
	10%
	1%
	10%
	1%

	Phy data rate [bps]
	-
	-
	-
	478
	-
	439
	-

	SNR [dB]
	-14.5
	-14.5
	-16.7
	-14.7
	-8.5
	-13.8
	-13.8

	NF
	7
	7
	7
	7
	5
	5
	5

	MCL
	164
	164
	166.2
	164.2
	164.8
	164
	164



Table 3 presents the LTE-M performance. 
[bookmark: _Ref529516050]Table 3: LTE-M link level results for TDL-iii, 2 Hz.
	Physical channel
	PSS/SSS
	PBCH
	MPDCCH
	PDSCH
	PRACH
	PUSCH
	PUCCH

	Power
	39.2
	39.2
	36.8
	36.8
	23
	23
	23

	Bandwidth [kHz]
	945
	945
	1080
	1080
	1048.75
	30
	180

	TBS [Bits]
	-
	34
	18
	328
	-
	712
	1

	#RU/#SF/AL
	-
	-
	24
	1
	1
	1
	1

	#Rep/Aqusition time
	1500 ms
	800 ms
	256
	768
	64
	1024
	64

	#TX/#RX
	4TX/1RX
	2TX/1RX
	2TX/1RX
	2TX/1RX
	1TX/4RX
	1TX/4RX
	1TX/4RX

	BLER
	10%
	10%
	1%
	2%
	1%
	7.5%
	1%

	Phy data rate [bps]
	-
	-
	-
	419
	-
	643
	-

	SNR [dB]
	-17.5
	-17.5
	-20.8
	-20.5
	-32.9
	-16.8
	-26

	NF
	7
	7
	7
	7
	5
	5
	5

	MCL
	164
	164
	164.2
	164
	[bookmark: _GoBack]164.7
	164
	165.5



Based on the above results it can be concluded that NB-IoT and LTE-M meets the 164 dB MCL target under the assumptions listed in Table 2.
Data rate
TR 38.913 [4] contains 3GPPs 5G requirements. It adds mMTC requirements on data rate, latency and battery life to the required coverage and capacity KPIs covered in TR 37.919. In case of data rate it is requested that a 5G mMTC system should provide a sustainable data rate of at least 160 bps, calculated over one or more (M/N)PDCCH scheduling cycle(s), at the MCL of 164 dB.
Figure 1 and Figure 2 shows NB-IoT DL and UL scheduling cycles at the MCL. Based on the performance presented in Table 2 and the below DL/UL scheduling cycles of 2048 ms and 3072 ms sustainable data rates of 299 bps and 293 bps are achievable for the downlink and the uplink.



[bookmark: _Ref529522517]Figure 1: NB-IoT NPDSCH scheduling cycle (G=4) at the MCL giving a DL data rate of 299 bps.


[bookmark: _Ref529522518]Figure 2: NB-IoT NPUSCH F1 scheduling cycle (G=1.5) at the MCL giving a UL data rate of 293 bps.
Table 4 summarizes the data rates calculated for both NB-IoT and LTE-M. For LTE-M scheduling cycles of 3x1.5x256 = 1152 ms and 4x1.5x256=1536 ms are assumed for the downlink and uplink data rate calculations. In all cases the targeted 160 bps is met.
[bookmark: _Ref529522819]Table 4: NB-IoT and LTE-M sustainable data rates.
	
	DL data rate
	UL data rate

	NB-IoT
	299 bps
	293 bps

	LTE-M
	279 bps
	429 bps



Battery life
TR 38.913 defines a 10-year requirement on a 5-Wh battery for a traffic model defined by a daily delivery of an uplink message of 200 bytes followed by a 20-byte downlink message. The message sizes are assumed to be defined at on top of layer 2 which means that PDCP/RLC/MAC overhead is added to the message sizes in the battery life evaluations.
Based on the RRC resume procedure presented in Figure 3 and Table 5 and the device power consumption profile presented in Table 5 the battery life presented in Table 7 was achieved for NB-IoT and LTE-M. 


Figure 3: NB-IoT RRC Resume including uplink and downlink data transmissions.
[bookmark: _Ref529526098]Table 5: RRC Resume packet sizes.
	Message
	LTE-M
	NB-IoT

	Msg2: RAR
	7 bytes
	7 bytes

	Msg3: RRC Connection Resume Request  
	7 bytes
	11 bytes

	Msg4: RRC Connection Resume 
	19 bytes
	19 bytes

	Msg5: RRC Connection Resume Comp + RLC Ack for Msg4 + UL report
	22 + 200 bytes
	22 + 200 bytes

	RRC Connection Release
	18 bytes
	17 bytes


[bookmark: _Ref529528086]
Table 6: NB-IoT and LTE-M device power consumption.
	
	TX
	RX
	RRC Connected
	RRC Idle

	Power consumption
	500 mW
	80 mW
	3 mW
	0.015 mW



[bookmark: _Ref529715110]Table 7: NB-IoT and LTE-M battery life.
	
	RRC Resume

	NB-IoT
	11.8 years

	LTE-M
	14.4 years



Table 7 shows that both NB-IoT and LTE-M fulfils the 10-year target.
Latency
TR 38.913 defines a 10 s requirement for the delivery of a small infrequent packet of size 105 bytes defined at the physical layer, i.e. including both PDCP, MAC and RRC overhead.
The latencies for the RRC procedure as well as the Early Data Procedure (EDT) are here evaluated. It can be noted that EDT is not supported for uplink TBS of size larger than 1000 bits. This explains why the EDT procedure was not used in the battery life evaluations in this contribution.
Figure 4 shows the packet flow for the EDT procedure specified for the User Plane. Table 8 presents the packet sizes for each of the transmissions. 



[bookmark: _Ref529525903]Figure 4: EDT user plane solution procedure illustrated for NB-IoT.
[bookmark: _Ref529718677]Table 8: EDT packet sizes.
	Message
	LTE-M
	NB-IoT

	Msg2: RAR
	7 bytes
	7 bytes

	Msg3: RRC Connection Resume Request + UL report
	11 + 105 bytes
	11 + 105 bytes

	Msg4: RRC Connection Release
	25 bytes
	24 bytes



The latency for the delivery of a small infrequent packet of size 105 bytes at the physical layer is presented in Table 7. The 10 s target is met in all cases.
[bookmark: _Ref529527635]Table 7: NB-IoT and LTE-M latency for small infrequent packet transmission.
	
	RRC Resume
	EDT

	NB-IoT
	9.0 s
	5.8 s

	LTE-M
	6.9 s
	4.9 s


Conclusions
In this contribution, we have presented input to the 3GPP self-evaluation study. It is shown that NB-IoT and LTE-M meet the requirements on coverage, data rate, latency and battery life under the assumption presented in Table 1.
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