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Introduction
[bookmark: _Ref421460494]In RAN #74, the 2nd bullet in WF [1] had been endorsed and will be part of general RAN1 self-evaluation task (probably: one extra SI for this)
· 3GPP’s IMT-2020 self-evaluations towards mMTC requirements will assess NB-IoT and/or LTE eMTC
It is expected that RAN1 will evaluate whether NB-IoT and/or eMTC fulfil the requirements of mMTC or not.
In TR 38.913 [2], the target of mMTC is specified in the following aspects. 
· The target for coverage should be 164dB.
· The target for connection density should be 1 000 000 device/km2 in urban environment.
· The target for UE battery life for mMTC should be beyond 10 years, 15 years is desirable.
· The latency shall be no worse than 10 seconds on the uplink for a 20 byte application packet (with uncompressed IP header corresponding to 105 bytes physical layer) measured at the maximum coupling loss (MaxCL) of 164dB.
In this paper, we analysis the latency of NB-IOT for infrequency small packets to see if it fulfills the requirement of NR mMTC. 

Evaluation methodology
Definition and evaluation assumptions 
In TR 45.820 [3], the latency requirement specifies in section 4.1.5 that
M2M devices may in general support relaxed delay characteristics, and this may be taken into account when evaluating e.g. system capacity. 
Certain applications (e.g. alarms) may however require a reasonably strict delay profile. For devices supporting such applications a delay requirement of 10 seconds is appropriate for the uplink when measured from the application 'trigger event' to the packet being ready for transmission from the base station towards the core network.
The 10 seconds latency requirement applies for MAR (Mobile Autonomous Report) exception uplink reports. For the case of “uplink reports generated by MAR periodic” and the case of “downlink application layer ACKs for uplink generated MAR periodic reports”, no specific latency requirements applies [3].
In TR38.913 [2] section 7.6, it further indicates that
For infrequent application layer small packet/message transfer, the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point at the mobile device to the radio protocol layer 2/3 SDU egress point in the RAN, when the mobile device starts from its most "battery efficient" state.
For the definition above, the latency shall be no worse than 10 seconds on the uplink for a 20 byte application packet (with uncompressed IP header corresponding to 105 bytes physical layer) measured at the maximum coupling loss (MaxCL) of 164dB.
Analytical evaluation is the baseline evaluation methodology and system level evaluation can be considered if needed.
The latency evaluation methodology described in [3] is calculated as:
Latency for DATA transmission = T Synchronization+ T Transmission + T Receiving +T Wait
In [4], it further generalized the evaluation methodology into the following steps:
1. Synchronizing to the system after waking up from the most energy efficient state.
2. Setting up a connection, including:
a. Reading basic system information to acquire e.g. frame synchronization, access barring information and SI change status.
b. Performing the system access procedure.
c. Configuring radio bearers. 
3. Transmitting the uplink report
By all the definitions above, we provide the latency results of NB-IoT Control Plane and User Plane CIoT EPS Optimizations, respectively.  
Latency analysis for NB-IoT Control Plane CIoT EPS Optimizations
The protocol flow of NB-IoT CP CIoT EPS optimization can be summarized in Figure 1, where a UL NAS signalling message or UL NAS message carrying data can be transmitted in a UL RRC container message [5]. In this case, we assume 23 Bytes NAS CP service request is transmitted. We assume further that in all normal cases for no/low mobility UEs the UE only reads MIB since a value tag and access control indication are shown in the NB-MIB and the dynamic value tag validity up to 24h (when SI is unchanged). 


Figure 1 Protocol flow for NB-IoT CP CIoT EPS optimization latency analysis
The detailed signalling and the latency of each step are shown in Table 1. 

Table 1 Latency analysis for NB-IoT CP CIoT EPS optimization 
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Latency analysis for NB-IoT User Plane CIoT EPS Optimizations
Similarly, the protocol flow of NB-IoT UP CIoT EPS optimization is summarized in Figure 2 and the detailed signalling and the latency are shown in Table 2. The 90th percentile synchronization time, 10% BLER for the NPBCH, NPDSCH, NPUSCH and 1% BLER for the NPRACH, NPDCCH are considered.



Figure 2 Protocol flow for NB-IoT UP CIoT EPS optimization latency analysis

Table 2 Latency analysis for NB-IoT CP CIoT EPS optimization
[bookmark: _GoBack] [image: ]
Note that currently we follow the overhead mentioned in TR 38.913 for the latency calculation, where a 20 byte application packet with uncompressed IP header maps to 105 bytes in physical layer. As mentioned in [4], the higher layer procedure and the corresponding application overhead for PDCP/RLC/MAC/PHY should be further declared for the future study.
In this paper, we illustrate the latency analysis for NB-IoT CP/UP CIoT EPS optimizations. For the stand alone under 164dB MaxCL scenario, the latencies are about 4.9s and 4.4s for CP and UP solutions, respectively.  Considering the mMTC requirement of 10 sec, we expect NB-IoT can fulfil this requirement. Some possible and simple enhancements could be further considered to ensure larger margin.   
Observation #1: For the stand alone under 164dB MaxCL scenario, the latencies are about 4.9s and 4.4s for NB-IoT CP and UP CIoT EPS optimizations, respectively.  
Observation #2: NB-IoT fulfils the latency requirement of NR mMTC that the latency shall be no worse than 10 seconds on the uplink for a 20 byte application packet MaxCL of 164dB.

Conclusions
In this paper, we illustrate the latency analysis for NB-IoT CP/UP CIoT EPS optimizations. The observations are made as follows.    
Observation #1: For the stand alone under 164dB MaxCL scenario, the latencies are about 4.9s and 4.4s for NB-IoT CP and UP CIoT EPS optimizations, respectively.  
Observation #2: NB-IoT fulfils the latency requirement of NR mMTC that the latency shall be no worse than 10 seconds on the uplink for a 20 byte application packet MaxCL of 164dB.
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NBIOT CP Stand alone

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

NPSS 10 100.00

NSSS 20 110.00

NPBCH 10 34 28.12 278.39

Preamble  40 192.00 20.00

NPDCCH detection in RAR window 23 4.00 3.00

RAR 80 66.17 4.00

MSG3 (RRC connection request) 88 293.33 8.00

A/N for MSG3 4.00 3.00

NPDCCH detection in CR window 23 4.00 4.00

MSG4 (RRC connection setup) 168 138.95 4.00

A/N for MSG4 8.00 12.00

NPDCCH 23 4.00

MSG5 (105B+23B) 1024 3413.33 8.00

A/N for MSG5 4.00 3.00

NPDCCH 23 4.00

NAS Accept 136 112.48 4.00

A/N for NAS Accept 8.00 12.00

total duration 3914.67 579.71 363.39

total latency 

MCL 164 dB (3.75KHz)

4857.77
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NBIOT UP Stand alone

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

NPSS 10 100.00

NSSS 20 110.00

NPBCH 10 34 28.12 278.39

Preamble  40 192.00 20.00

NPDCCH detection in RAR window 23 4.00 3.00

RAR 80 66.17 4.00

MSG3 (RRC resume request) 88 293.33 8.00

A/N for MSG3 4.00 3.00

NPDCCH detection in CR window 23 4.00 4.00

MSG4 (RRC resume) 136 112.48 4.00

A/N for MSG4 8.00 12.00

NPDCCH 23 4.00

MSG5 (Resume complete) 80 266.67 8.00

A/N for MSG5 4.00 3.00

NPDCCH 23 4.00

UL Data (105B) 840 2800.00 8.00

A/N for UL Data 4.00 3.00

total duration 3560.00 444.77 358.39

total latency 

MCL 164 dB (3.75KHz)

4363.16
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