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Introduction
At RAN#75 meeting in March 2017, New Study Item on Self Evaluation towards IMT-2020 submission was approved [1] and further revised in [2] at RAN#76 meeting. As discussed in [3], the self evaluation will go into performance evaluation phase for all ITU-R IMT-2020 requirements including mMTC requirements.
In this document, the consideration on self evaluation for mMTC is presented, including the evaluation method, evaluation configuration, the selection of technical features, and related delay modeling.
[bookmark: _Ref129681832]Performance metric, evaluation method and evaluation configuration
Connection density for mMTC
According to Report ITU-R M.[IMT-2020.TECH PERF REQ], the performance metrics for mMTC is connection density. Its definition is given in Report ITU-R M.[IMT-2020.TECH PERF REQ] as follows.
Connection density is the total number of devices fulfilling a specific quality of service (QoS) per unit area (per km2). The target QoS is specified in Report ITU-R M.[IMT-2020.EVAL].
Combined with the above definition, and the QoS specified in section 7.1.3 in Report ITU-R M.[IMT-2020.EVAL], one can find that,
	Connection density is said to be C (# of devices per km2), if, under the number of devices, N=C×A (A is the simulation area in terms of km2), that the packet outage rate is less than or equal to 1%, where the packet outage rate is defined as the ratio of 
· The number of packets that failed to be delivered to the destination receiver within a transmission delay of less than or equal to 10s 
to 
· The total number of packets generated by the (N=C×A) devices within the time T.	


The transmission delay needs to be well understood.
· The transmission delay of a packet is understood to be the delay from the time when uplink packet arrives at the device to the time when the packet is correctly received at the destination (BS) receiver. It needs to be appropriately modeled
· It is related to the packet size, S, the transmission procedure of the proposal technique, as well as the channel quality of the device to base station link. According to Report ITU-R M.[IMT-2020.EVAL], the packet size of one message is S=32 byte (which is the Layer 2 PDU message size).
In addition, in 3GPP TR38.913, it is further considered that 3GPP should develop standards with means of high connection efficiency (measured as supported number of devices per TRxP per unit frequency resource) to achieve the desired connection density. This concept is aligned with the statement in Report ITU-R M.[IMT-2020.TECH PERF REQ] that “Connection density should be achieved for a limited bandwidth and number of TRxPs.” Therefore, it is encouraged that the self evaluation reports the connection efficiency which is given by 

 (# of device/Hz/TRxP)							(1)
where C is the connection density (# of devices per km2), A is the simulation area in terms of km2, M is the number of TRxP in the simulation area A, and W is the UL bandwidth (for FDD).

Observation 1: The connection density is evaluated under specific QoS that is related to the packet transmission delay. The transmission delay needs to be appropriately modeled when evaluating the QoS fulfillment in connection density evaluation.
Observation 2: Connection efficiency (# of device/Hz/TRxP) as defined in (1) is encouraged to be reported.
Evaluation method
In Report ITU-R M.[IMT-2020.EVAL], two alternative evaluation methods are defined for connection density evaluation. One is system level simulation with specified traffic model. The other one is full buffer system level simulation (which provides UL SINR distribution) plus link level simulation (which provides transmission delay under specific UL SINR). The former one is able to capture the impact of most aspects due to heavy load uplink transmission; while the latter one is a simplified method. 3GPP as proponent to ITU-R needs to provide evaluation results under full system level simulation, as well as the results under simplified way, to demonstrate that 3GPP technology is able to achieve the targets under either evaluation method.
Observation 3: It would be good for 3GPP to provide evaluation results under full system level simulation, as well as the results under simplified method.
Evaluation configuration
According to Report ITU-R M.[IMT-2020.EVAL], Urban Macro – mMTC test environment is used for connection density evaluation. 
There are two evaluation configurations under Urban Macro – mMTC test environment. As summarized in [4], the two configurations are differing primarily from the inter-site distance. And there are two alternatives for packet arrival rates which would impact the total number of packets generated under a given number of devices. 
	
	Urban Macro - mMTC

	
	Configuration A
	Configuration B

	Inter-site distance
	500m @ 700 MHz CF
	1 732m @ 700 MHz CF

	Packet arrival rate
	· Alternative 1: 1 message/day/device
· Alternative 2:	1 message/2 hours/device


Considering that ISD=1 732m would result in more challenging channel quality, and dense packet arrival rate would result in more challenging support for a given number of device, it is proposed that the test of configuration B with packet arrival rate of 1 message / 2 hours/device is of high priority to guarantee that 3GPP technology can meet the requirement under the most stringent environment.
Observation 4: Evaluate the most stringent environment (Configuration B with 1 message / 2 hour / device) with high priority.

Consideration on technical features
In [5], it is agreed that 3GPP will submit a set of radio interface technologies (SRIT) consisting of NR component RIT and LTE component RIT, and in addition NR RIT to ITU-R. With this submission formats, both LTE and NR RIT features need to be considered. It is noted that 3GPP agrees to evaluate NB-IoT and eMTC against ITU-R mMTC requirements. Also noted in [5] is that both NB-IoT and eMTC are included in LTE component RIT, and TBD included in NR RIT. Therefore it is appropriate to use NB-IoT and eMTC as the starting point features for evaluation against the ITU-R mMTC requirement.
Observation 5: Use NB-IoT and eMTC as starting point features for evaluation against the ITU-R mMTC requirement.
Procedure and delay modeling
To evaluate the QoS fulfillment, the transmission delay needs to be well modeled. It is related to what procedure is to be used and the delay model employed in the step that set up the whole procedure. This subsection analyzes these aspects.
Procedure of NB-IoT and eMTC
To evaluate NB-IoT and eMTC, the procedure needs to be assumed for a packet transmission. Considering the packet arrival rate of a device is very sparse (1 message/day/device to 1 message/2 hours/device), it is appropriate to assume that the devices (both for NB-IoT and eMTC) are within idle mode when an uplink message packet arrives. 
The procedure of NB-IoT and eMTC is illustrated in Table 1. Based on the understanding of transmission delay, Step 1 to Step 8 is considered to contribute to the transmission delay for NB-IoT, and Step 1 to Step 14 contributes to transmission delay for eMTC. 
Table 1 Legacy procedure of NB-IoT and eMTC 
	NB-IoT
	
	eMTC

	UE
	
	BS
	
	UE
	
	BS

	
	Step1: Sync + MIB + SIB
	
	
	
	Step1: Sync + MIB + SIB
	

	
	Step 2: PRACH Msg1
	
	
	
	Step2: PRACH Msg1
	

	
	Step 3:NPDCCH + RAR
	
	
	
	Step3: MPDCCH + RAR
	

	
	Step 4: RRC Connection Req
	
	
	
	Step4: RRC Connection Req
	

	
	Step 5: RRC Connection Setup, including PDCCH
	
	
	
	Step5: RRC Connection Setup, including PDCCH
	

	
	Step 6: HARQ Ack for RRC ConnectionSetup
	
	
	
	Step6: HARQ Ack for RRC ConnectionSetup
	

	
	-
	
	
	
	Step7: PDCCH for RRC ConnectionSetupComplete
	

	
	
	
	
	
	Step8: RRC ConnectionSetupComplete
	

	
	
	
	
	
	Step9: HARQ Ack
	

	
	
	
	
	
	Step10: RLC ARQ
	

	
	
	
	
	
	Step11: HARQ Ack
	

	
	
	
	
	
	Step12: SR 
	

	
	Step 7: PDCCH for UL Grant
	
	
	
	Step13: UL Grant for Data
	

	
	Step 8: RRC ConnectionSetupComplete+Data
	
	
	
	Step14: UL Data
	

	
	Step 9: HARQ Ack
	
	
	
	Step15: HARQ Ack
	

	
	Step 10: RLC-AM related procedure
	
	
	
	Step16: RLC-AM related procedure
	



Recently, there is further progress in Rel-15 NB-IoT and eMTC study [6] that small data transmission is enabled during random access without moving to RRC connected mode. This could help further reduce the transmission delay of a packet, and has the potential to increase the connection density further. Note that ITU-R assumes a L2 packet size of 32 byte (i.e., 256 bit) for mMTC evaluation, which is typically within the range of small data packet. Therefore it is also worthwhile to consider this new procedure in mMTC evaluation. This procedure is shown in Table 2. Based on the understanding of transmission delay, Step 1 to Step 4 is considered to be contributing to the total transmission delay.
Table 2 Small data procedure of NB-IoT and eMTC under consideration
	NB-IoT
	
	eMTC

	UE
	
	BS
	
	UE
	
	BS

	

	Step1: Sync + MIB + SIB 
	
	
	
	Step1: Sync + MIB + SIB 
	

	
	Step 2: PRACH Msg1
	
	
	
	Step2: PRACH Msg1
	

	
	Step 3: NPDCCH + RAR (including UL grant)
	
	
	
	Step3: MPDCCH + RAR (including UL grant)
	

	
	Step 4: UL data
	
	
	
	Step4: UL data
	

	
	Step 5: HARQ Ack
	
	
	
	Step5: HARQ Ack
	



The procedure to be employed in self evaluation needs to be further considered. 
Observation 6: The procedure employed in mMTC evaluation needs to be further discussed. Legacy procedure and small data procedure can be considered.
Delay modeling of each step
In this sub-section, the delay model of each step in small data procedure is discussed. In this document, the new procedure is used as example in the following analysis. As mentioned, Step 1~4 will contribute to the transmission delay for the evaluation for NB-IoT and eMTC in this procedure. Therefore the delay of these steps needs to be modeled in system level simulation.
Conventionally, UL data transmission (via NPUSCH for NB-IoT and PUSCH for eMTC) are well modeled in system level simulator, which includes the UL scheduling scheme and scheduling delay, possible link adaptation (selecting appropriate modulation order and coding rate), and SINR calculation based on signal power and interference environment to predict the BLER for data receiving. The UL transmission time 
tUL_data
is related to data transmission time on NPUSCH or PUSCH based on selected MCS and received SINR (BLER, which would introduce the need of H-ARQ). It covers Step 4 for NB-IoT and eMTC, and is given by the system level simulation. On the other hand, the scheduling delay is also provided by system level simulation, and is part of delay model in Step 3 (see below).
For synchronization and RACH process (Step 1 to Step 3), the related delay also needs to be appropriately modeled. However, a full modeling of these steps may result in kind of high complexity. Therefore a trade-off of complexity and accuracy is desired. Initial consideration on delay modeling for these steps is provided in Table 2.
[bookmark: _Ref498027669]Table 2 Delay modelling for sync and RACH procedure
	NB-IoT
	
	eMTC

	Step1: Sync + MIB + SIB
	
	Step1: Sync + MIB + SIB

	Delay model (delay = time spent for sync and receiving MIB/SIB): 
t1=f1(DL), where DL is the wideband DL SINR which is used to map to the estimated delay t1 for sync according to the link performance based on SS design (f1 is the mapping function).
	
	Delay model (delay = time spent for sync and receiving MIB/SIB): 
t1=g1(DL), where DL is the wideband DL SINR which is used to map to the estimated delay t1 for sync according to the link performance based on SS design (g1 is the mapping function).

	Step 2 (UL): PRACH Msg1 
	
	Step2 (UL): PRACH Msg1

	Delay model:
t2=f2(ncollision, tPRACH) where ncollision is the number of collisions encountered by the device (obtained in system level simulation), and tPRACH is the time for one shot PRACH transmission and is a function of wideband UL SINR, UL.
	
	Delay model:
t2=g2(ncollision, tPRACH) where ncollision is the number of collisions encountered by the device (obtained in system level simulation), and tPRACH is the time for one shot PRACH transmission and is a function of wideband UL SINR, UL.

	Step 3 (DL): NPDCCH + RAR
	
	Step3 (DL): MPDCCH + RAR

	Delay model:
t3=f3(DL)+tsche_delay where DL is the wideband DL SINR which is used to map to the estimated delay t3 for Step3 transmission, and tsche_delay is the scheduling delay  of the device (from the time when Step 2 completes to the time when the UL resource is available for this device) provided by the system level simulation; NPDCCH and NPDSCH resource allocation time delay may be considered in tsche_delay as well.
	
	Delay model:
t3=f3(DL)+tsche_delay where DL is the wideband DL SINR which is used to map to the estimated delay t3 for Step3 transmission, and tsche_delay is the scheduling delay  of the device (from the time when Step 2 completes to the time when the UL resource is available for this device) provided by the system level simulation; MPDCCH and MPDSCH resource allocation time delay may be considered in tsche_delay as well.


After deriving the delay of each step for synchronization, RACH process, and uplink data transmission, the total delay of one message packet of a specific device is given by


where K=3 for NB-IoT and eMTC for small data procedure.
Observation 7: Delay model needs to take into account the trade-off of complexity and accuracy in system level simulation.
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In this document, the consideration on self evaluation for mMTC is presented. The observations are listed as follows.
For the performance metric,
Observation 1: The connection density is evaluated under specific QoS that is related to the packet transmission delay. The transmission delay needs to be appropriately modeled when evaluating the QoS fulfillment in connection density evaluation.
Observation 2: Connection efficiency (# of device/Hz/TRxP) as defined in (1) is encouraged to be reported.
For evaluation method of connection density,
Observation 3: It would be good for 3GPP to provide evaluation results under full system level simulation, as well as the results under simplified method.
For evaluation configuration selection under Urban Macro – mMTC test environment,
Observation 4: Evaluate the most stringent environment (Configuration B with 1 message / 2 hour / device) with high priority.
For the technical features,
Observation 5: Use NB-IoT and eMTC as starting point features for evaluation against the ITU-R mMTC requirement.
For the procedure and delay model, 
Observation 6: The procedure employed in mMTC evaluation needs to be further discussed. Legacy procedure and small data procedure can be considered.
Observation 7: Delay model needs to take into account the trade-off of complexity and accuracy in system level simulation.
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