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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#78 meeting, it was agreed in [1] that the self evaluation will go into performance evaluation phase for all ITU-R IMT-2020 requirements including mMTC requirements.
It was observed in [2] that for mMTC evaluation, 
· The connection density is evaluated under specific QoS that is related to the packet transmission delay, and the connection efficiency (# of device/Hz/TRxP) as defined in (1) is encouraged to be reported. 
· The transmission delay for an mMTC device to successfully transmit a packet would include the time duration for the access procedure and for the UL data transmission.
· The access procedure employed in mMTC evaluation needs to be further discussed. Legacy procedure and small data procedure can be considered.
· Delay model needs to take into account the trade-off of complexity and accuracy in system level simulation.
· On evaluation method, it would be good for 3GPP to provide evaluation results under full system level simulation, as well as the results under simplified method.
· On evaluation scenario, it is good to evaluate the most stringent environment (Configuration B of ISD = 1 732m with 1 message / 2 hour / device) with high priority.
· On technical features, it is proposed to use NB-IoT and eMTC as starting point features.
In this contribution, we provide the initial consideration for the full system level simulation, including the evaluation method, related delay modeling for small data procedure, and initial evaluation results under the most stringent environment.
[bookmark: _Ref129681832]Connection density definition
According to Report ITU-R M.2412, 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 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.
In addition, 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).
Procedure and delay modeling
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. 
In [2], it is shown that legacy procedure and small data transmission procedure are available for both NB-IoT and eMTC. It is noted 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 the small data transmission procedure is considered in this contribution for delay modeling. Besides, it is assumed that the devices are in non-initial state, that is, the SIB information is assumed to have been received by the devices. In this case, the SIB reception is ignored. This procedure is shown in Table 1. 
Based on the understanding of transmission delay, Step 1 to Step 4 is considered to be contributing to the total transmission delay. 
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	Step 2: PRACH Msg1
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	Step 3: NPDCCH + RAR (including UL grant)
	
	
	
	Step3: MPDCCH + RAR (including UL grant)
	

	
	Step 4: UL data transmission
	
	
	
	Step4: UL data transmission
	

	
	Step 5: HARQ Ack
	
	
	
	Step5: HARQ Ack
	


Evaluation method of full system level simulation
Generally, the system level simulation should evaluate each packet’s total delay tpacket. If tpacket > 10s, this packet is regarded as failed to be delivered to the destination receiver. 
The total delay consists of the delays from Step 1 to 4,

where tUL_data is the UL data transmission time duration (for step 4), and t1, t2, and t3 are the time delay for step 1~3, respectively. 
Conventionally, the value of tUL_data can be well derived in system level simulation. 
For derivation of t1, t2, and t3, a full implementation of these steps may result in high complexity simulation. Therefore a simplified model is needed for Step 1 to 3. In the following sub-sections, the initial delay models are presented. 
Delay Modeling of Step 1: Sync + MIB
The step 1 delay is given by

where tSS is the delay for synchronization, and tMIB is the delay of MIB reception.
Synchronization delay
For NB-IoT, NPSS and NSSS are transmitted for the device to conduct synchronization. NPSS is transmitted in sub-frame 5 of each frame. NSSS is transmitted in sub-frame 9 of every other frame.
Denote LNPSS and LNSSS as the repetition times needed to successfully accomplish primary synchronization and secondary synchronization, respectively. It is assumed that the device could store the NPSS and NSSS. In this case, the synchronization delay is given by



where tNPSS_0 = tNPSS-t0 is the time interval between the nearest NPSS transmission at tNPSS, and the packet arrival time, t0, TPSS =10ms is the transmission period of NPSS; tNSSS_0 = tNSSS-t0 is the time interval between the nearest NSSS transmission at tNSSS, and the packet arrival time, t0,  and TSSS=20ms is the transmission period for NSSS. 
The value of LNPSS and LNSSS can be derived from DL SINR for NPSS and NSSS. The DL SINR could be derived from DL wideband SINR.
PBCH receiving delay
NPBCH (for MIB) is transmitted in sub-frame 0 in every radio frame on anchor-PRB with at most 64 sub-frame combination.
Denote LNPBCH as the repetition times for correctly receiving NPBCH. Hence, the receiving PBCH delay is given by

where tNPBCH_0 = tNPBCH-t0 is the time interval between the nearest NPBCH transmission at tNPBCH, and the synchronization end time, t0, TNPBCH =10ms is the transmission period of NPBCH.
The value of LNPBCH can be derived from DL SINR for NPBCH. The DL SINR could be derived from DL wideband SINR.
Delay Modeling of Step 2: PRACH Msg1
For PRACH delay model, it is dependent on two aspects. One is the number of collisions encountered by the UE, ncollision. The other aspect is the time, tPRACH, for correctly receiving PRACH without collision. The latter is depending on RSRP. Therefore the PRACH delay is given by
t2=f2(ncollision, tPRACH)
If collision happens during the PRACH transmission, all of the collided PRACH transmissions are assumed to be failed, and another round of PRACH transmission for the collided UEs is needed. 
For NB-IoT, the UEs are divided into 3 CE levels according to their RSRP (see TS36.331). For UEs in a specific CE level, the time domain resource for PRACH could be configured according to TS36.331 by the transmission period, transmission duration, and the start transmission subframe. If the three CE levels share the same PRACH frequency resource, the UEs with higher CE level (with higher SINR threshold) could not use the PRACH resource that is overlapped with lower CE level (with lower SINR threshold). One illustration is shown in Figure 1.
For NB-IoT, the frequency resource for PRACH could be configured as 12 sub-carriers (12 channels) with 3.75 kHz sub-carrier spacing. 
UE starts the PRACH transmission at available transmission time according to its CE level as shown in colored box in Figure 1, and randomly selects one PRACH channel among the 12 channels. 

[bookmark: _Ref506319496]Figure 1 Illustration of PRACH configuration for three CE levels 
(PRACH shares the same frequency) resource)
If only one UE occupies the channel at that time, it is assumed that BS could receive the PRACH correctly. If multiple UEs within the same CE level start the PRACH transmission at the same time (say t0), and all of them occupies the same sub-carrier (channel) at t0, these UEs are collided, and their PRACH reception at BS side would be failed.
When collision occurs, a backoff mechanism is used to avoid further collision to next transmission (see Section 5.1.5 in TS36.321). The backoff length (until the next PRACH transmission) consists of two parts: one is the backoff window with length of tbackoff, which is a random value between {0, Twindow}ms; the other part is the RAR window with the minimum length of 2×TPDCCH, where TPDCCH is the transmission period of NPDCCH in Step 3. In this case, the total latency for PRACH is given by

where tPRACH_0_i is from the time when the UE is ready to send PRACH to the time of the nearest PRACH transmission opportunity for this UE, tPRACH_i is the transmission duration of the i-th PRACH transmission of the UE (depending on UL SINR), tbackoff_i is the window length of the i-th back off which is randomly selected in (0, Twindow)ms, and TPDCCH is the period of PDCCH signal, and ncollision≥0 is number of collisions encountered by the UE that is provided by the system level simulation.
[bookmark: _Ref504828948]Delay modeling of Step 3: NPDCCH + RAR (including UL grant)
For NB-IoT, the Step 3 transmission (downlink) consists of NPDCCH transmission and RAR transmission,

where tNPDCCH is the delay for correctly receiving NPDCCH, and tRAR is the delay for correctly receiving RAR.
NPDCCH delay
The NPDCCH transmission delay for a specific device consists of two parts, i.e., the scheduling delay and the transmission duration,

where tNPDCCH_0 = tNPDCCH_sche - t0 is the time interval between the available NPDCCH transmission for the specific device at tNPDCCH_sche, and the PRACH end time, t0, LNPDCCH is the repetition times for correctly receiving NPDCCH, and TTI=1ms.
The value of LNPDCCH can be derived from DL SINR for NPDCCH. The DL SINR could be derived from DL wideband SINR. However, if multiple devices request PDCCH transmission at a specific time instance, they may share the NPDCCH resource. In this case, the value of LNPDCCH for device k will be aligned with the device that requests the largest value of LNPDCCH.
The value of tNPDCCH_0 can be derived from simulation or an appropriate model. When multiple devices request PDCCH transmission, there might be waiting time for a specific device, which is accounted in tNPDCCH_0. Currently, the simulation based way is used in the initial evaluation.
RAR delay
For NB-IoT, the RAR delay is derived by 

where n is the number of scheduled devices for RAR transmission, S=56bit is the size of RAR for one device, SE is the expected spectral efficiency (bps/Hz) that is related to MCS and overhead OH. MCS is selected based on DL PDSCH SINR, which can be derived from DL wideband SINR. When multiple devices are scheduled (n>1), the MCS is selected based on the device that experiences the worst SINR.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Initial evaluation results
NB-IoT using the small data transmission procedure is evaluated following the above model. Configuration B of Urban Macro – mMTC test environment is selected for evaluation. The stringent traffic model of packet arrival rate of 1 message / 2 hours / device is chosen. 
It is assumed that NB-IoT is working in standalone mode on anchor carrier. The initial results are shown in Table 2.
[bookmark: _Ref506321939]Table 2 Initial evaluation result for NB-IoT
	Devices supported per km2 per 180kHz
	582,000

	Required bandwidth to support 1,000,000 devices 
	360kHz

	Connection efficiency (#of devices/Hz/TRxP)
	2.8 devices/Hz/TRxP


Conclusion
In this contribution, the consideration on self evaluation for mMTC is provided. The initial consideration for the full system level simulation, including the evaluation method, related delay modeling for small data procedure, and initial evaluation results under the most stringent environment are presented.
Initial evaluation demonstrates that NB-IoT could fulfill the mMTC connection density requirements under the most stringent environment defined in ITU-R. 
It is needed to further develop the delay models and evaluation method for the evaluation of NB-IoT and eMTC for connection density.
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Annex       Simulation assumption
Table A-1 system level simulation assumption
	Urban Macro - mMTC
	Config. B

	Carrier frequency for evaluation
	700 MHz

	BS antenna height
	25 m

	Total transmit power per TRxP
	43 dBm on 180kHz

	UE power class
	23 dBm

	Inter-site distance
	1732 m

	Number of antenna elements per TRxP
	16 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), (dH,dV) = (N/A, 0.8)λ
+45°, -45° polarization

	Number of TXRU per TRxP
	2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)

	Number of UE antenna elements 
	1Tx/Rx
0° polarization

	Number of TXRU per UE
	1TXRU

	Device deployment
	80% indoor, 20% outdoor
Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction.

	UE speeds of interest
	3 km/h for indoor and outdoor

	Inter-site interference modeling
	Explicitly modelled

	BS noise figure
	5 dB

	UE noise figure
	7 dB 

	BS antenna element gain
	8 dBi

	UE antenna element gain
	0 dBi

	Thermal noise level
	-174 dBm/Hz

	Traffic model
	With layer 2 PDU (Protocol Data Unit) message size of 32 bytes:
1 message/2 hours/device 
Packet arrival follows Poisson arrival process 

	UE antenna height
	1.5 m

	Channel model
	Channel model A

	TRxP number per site
	3

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	93° in LCS

	TRxP boresight
	30 / 150 / 270 degrees 
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	UT attachment
	Based on RSRP from port 0

	Wrapping around method
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=10m 

	Polarized antenna model
	Model-2 in TR36.873

	Simulation bandwidth
	180 kHz

	Sub-carrier spacing for PDCCH, PDSCH
	15 kHz

	Sub-carrier spacing for PUSCH
	15 kHz

	PRACH
	45kHz with 12 sub-carriers (channels) in 180 kHz BW,
 3.75kHz sub-carrier spacing for PRACH

	UL DMRS
	2 symbols per 14 OFDM symbols

	PUSCH scheduling unit
	Single tone (15kHz)
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