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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]. It is therefore foreseen that 3GPP will need to start a Release 15 study item on the NB-IoT/eMTC fulfillment of the mMTC set of requirements, just as proposed in RP-162485, Study on support of NB-IoT/eMTC for the Next Generation mMTC requirements [2].
Technical Report (TR) 38.913 Study on Scenarios and Requirements for Next Generation Access Technologies [3] identifies four key performance indicators for mMTC, namely:
· Support latency of at least 10 seconds. 
· Support coverage of 164 dB Maximum Coupling Loss (MCL).
· Support UE battery life beyond 10 years.
· Support connection density of 1,000,000 devices per square km.
In this contribution we focus on the UE “Latency for infrequent small packets” KPI captured in chapter 11.7 of TR 38.913:
 “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 and system level evaluation can be considered if needed.”
More specifically the purpose of this paper is to propose an evaluation methodology, that can be used in the IMT-2020 mMTC self-evaluation. We also present preliminary results for NB-IoT using the suggested evaluation approach. Chapter 2 contains a set of proposals defining this methodology while chapter 3 exemplifies the use of this methodology using NB-IoT.
Evaluation methodology
0. General methodology of evaluation
During the work on NB-IoT in Release 13 latency evaluation was performed based on the methodology described in the study on Cellular system support for ultra-low complexity and low throughput Internet of Things [4].  
Part of this methodology was to model a complete signalling flow for the transmission of an uplink report. The methodology included the following steps from the device point of view:
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
Figure 1 illustrates the methodology when mapped onto the RRC Resume procedure and channels specified for NB-IoT. The figure indicates time components for synchronizing (TSYNC), setting up the connection (TSETUP), transmitting the UL data (TDATA) and to release the connection (TRELEASE). The latency to be reported is proposed to be calculated as TSYNC + TSETUP + TDATA. TRELEASE is proposed to be excluded from the reported latency.
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[bookmark: _Ref425337423]Figure 1: Data and signalling flow used to model NB-IoT RRC Resume battery performance. 
It is our view that this procedure is sufficiently generic to also apply for the self-evaluations of the mMTC requirements. If parts of the procedure are not applicable to the evaluated IMT 2020 candidate solution, i.e. NB-IoT or eMTC,  then those should be left out. 
Proposal 1: For the IMT-2020 mMTC latency self-evaluations follow the applicable parts of the outlined procedure (steps 1 to 3) in chapter 2.1 to calculate the latency as TSYNC + TSETUP + TDATA. 
0. Evaluation assumptions
Protocol aspects
To perform the evaluations of latency a number of simulation parameters needs to be agreed. The first is the packet sizes to be modelled. TR 38.913 [3] mentions an uplink application level packet size of 20 bytes which maps to a physical layer packet size of 105 bytes when taking IP header compression into account.
Since the overhead from the PDCP/RLC/MAC/PHY protocol stack depends on the studied procedure we propose to evaluate a packet size of 85 bytes on top of the PDCP layer. The 85 bytes is based on 20 bytes application data combined with 65 bytes overhead from application, security, transport and internet protocols.
Table 1 Proposed assumption for packet size on top of PDCP layer.
	Protocol layer
	Overhead [bytes]

	Application data
	20

	COAP
	4

	DTLS
	13

	UDP
	8

	IP
	40

	Total
	85



Proposal 2: For the IMT-2020 mMTC latency self-evaluations assume an 85 bytes packet size on top of the SNDCP layer.
The applicable overheads for the evaluate procedure from PDCP/RLC/MAC/PHY is then added on top of the 85 bytes during the evaluations. For completeness it is proposed that these overheads should be declared as part of the self-evaluation.
Proposal 3: Applicable overheads from PDCP/RLC/MAC/PHY to be added on top of the 85 bytes packet should be declared.
It should be noted that this implies that the packet size transmitted over the access stratum may differ from the 105 bytes mentioned in TR 38.913 [3].
In addition to protocol overheads it is proposed that the higher layer procedure assumed in the evaluations are declared. For NB-IoT this could e.g. correspond to the usage of one of the RRC Resume or Data over NAS (DoNAS) procedures.
Proposal 4: Assumed higher layer procedure should be declared.
Common assumptions 
Finally a set of common physical layer related parameters needs to be agreed to enable proper evaluations. Table 2 lists a few of the more relevant parameters along with the values used for the battery life evaluations during Release 13 in TR 45.820 [4] as well as some assumptions found in TR 38.913 [3] for NR. It’s important that a common agreement on these parameters is reached before the self-evaluations start.
[bookmark: _Ref471304401]Table 2 Physical layer assumptions.
	Parameter
	TR 45.820
	TR 38.913, chapter 7.10-11

	Propagation condition
	Typical Urban (TU)
	-

	Fading 
	Rayleigh, 1 Hz
	-

	Mobile NF
	5 dB
	5 dB

	Base station NF
	3 dB
	9 dB

	Device power class
	Declared
	23 dBm

	Base station power class
	43 dBm
	46 dBm

	Coupling loss
	144, 154, 164 dB
	164 dB



Proposal 5: A common agreement on the parameters listed in Table 2 is needed. The actual values can be selected among the data found in TR 45.820 and TR 38.913.

Example: NB-IoT
0. Evaluation assumptions
To exemplify the evaluation methodology the NB-IoT latency performance using the RRC Resume Procedure was assessed based on the Release 13 agreements.  Table 3 summarizes the Release 13 message size used for latency evaluations.
[bookmark: _Ref471306220]Table 3 TR 45.820 assumptions on packet size on top of PDCP.
	Protocol layer
	Overhead [bytes]

	Application data
	20 bytes

	COAP
	4 bytes

	DTLS
	13 bytes

	UDP
	8 bytes

	IP
	40 bytes

	Total
	85 bytes



Table 4 summarizes the used settings for the proposed methodology.
[bookmark: _Ref471306630]Table 4 Assumptions used to evaluate NB-IoT battery life.
	Protocol overhead

	Higher layer procedure
	RRC Resume

	PDCP
	5 byte

	RLC
	2 byte

	MAC
	2 byte

	Physical layer 

	Propagation condition
	Typical Urban (TU) [4]

	Fading 
	Rayleigh, 1 Hz [4]

	Mobile NF
	5 dB [4]

	Base station NF
	3 dB [4]

	Device power class
	23 dBm

	Base station power class
	43 dBm [4]

	Coupling loss
	144, 154, 164 dB [4]



When targeting the 90th percentile synchronization time, at least 10% BLER for the NPBCH, NPDSCH, NPUSCH F1, and at least 1% BLER for the NPRACH, NPDCCH and NPUSCH F2 the resulting latency ranges from 0.49 to 9.9 s for the studied coupling losses. 
Table 5 NB-IoT stand-alone latency for the RRC Resume procedure.
	Coupling loss [dB]
	Latency [s]

	
	Standalone
	Guardband
	Inband

	144 
	0.53
	0.49
	0.51

	154
	0.99
	1.34
	1.35

	164
	5.56
	9.55
	9.90



It should be noted that the UE was assumed to use a single transmit and receive antenna. The eNB was assumed to use a single transmit antenna in stand-alone mode, and two transmit antennas for guardband and inband modes. Two eNB receive antennas was assumed throughout the evaluations. We expect the gNB to have multiple transmit antennas and thus the antenna configuration used in this example evaluation is conservative from NR point of view. It is also worth notice that conservative assumptions were used in terms of available downlink NPDCCH/NPDSCH resource elements (104 inband, 152 standalone, guardband). The signalling flow depicted in Figure 1 was also kept not optimized to simply this evaluation.
Conclusions
In this paper we have presented a common framework for evaluating the agreed mMTC KPI on latency for infrequent small packets during the IMT 2020 mMTC self-evaluations, and made the following proposals:
Proposal 1: For the IMT-2020 mMTC latency self-evaluations follow the applicable parts of the above, in steps 1 to 3, outlined procedure to calculate the latency as TSYNC + TSETUP + TDATA. 
Proposal 2: For the IMT-2020 mMTC latency self-evaluations assume an 85 bytes packet size on top of the SNDCP layer.
Proposal 3: Applicable overheads from PDCP/RLC/MAC/PHY to be added on top of the 85 bytes packet should be declared.
Proposal 4: Assumed higher layer procedure should be declared.
Proposal 5: A common agreement on the parameters listed in Table 2 is needed. The actual values can be selected among the data found in TR 45.820 and TR 38.913.
To exemplify the proposed method we also evaluated NB-IoT latency using the RRC Resume procedure in standalone mode. For simplicity the evaluations was based on parameters agreed in Release 13. Latencies in the range of 0.49 to 9.9 s, depending on the used assumptions were observed.
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