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Introduction
In the previous RAN4#88 and #88bis meeting, simulation assumption for Rel-15 NB-IoT WUS were discussed [1][2]. In this paper, we discuss the simulation assumption and present a preliminary simulation result. 
Discussion
The following table summarizes the simulation assumptions proposed in [1].
Table 1 Simulation assumption for WUS performance requirement in NB-IoT [1]
	Parameter
	Value

	BS Tx ant configuration
	1 Tx, 2Tx with Tx diversity, Note:TxD scheme will depend on RAN1 agreement

	UE Rx ant configuration
	1 Rx

	WUS BW
	180 kHz

	Channel model
	EPA 1Hz, ETU 1Hz

	SNR
	-6 dB, -15 dB

	False alarm rate
	1%

	Detection probability
	99%



For enhanced coverage point, the selected SNR is -15 dB. However, with fading channel models EPA 1Hz and ETU 1Hz, UE experiences deep fades with effective SNR significantly below -15 dB and reaching ~ -20 dB where UE’s datapath and tracking loops may not properly function. We propose to use SNR of -12 dB for the enhanced coverage point with the channel models in Table 1.
Proposal 1. Use SNR -12 dB instead of -15 dB for the simulation assumption for the enhanced coverage in EPA 1Hz and ETU 1Hz. 
In the last RAN4 #88bis meeting, additional simulation assumption for the frequency and timing drift was discussed. The proposed frequency and timing drifts from [2] is shown in Table 2. Here, a 45 Hz per second frequency drift is assumed. The frequency drift of 45 Hz corresponds to 0.05 ppm if the carrier frequency is assumed to be 900 MHz. The 0.05 ppm assumption is in line with agreed RAN1 model [3]. 
Table 2 Frequency/time drifts based on carrier frequency of 900 MHz
	DRX cycle (s)
	Frequency Drift [Hz]
	Timing Drift [s]

	1.28
	57.6
	4.0960e-08

	2.56
	115.2
	1.6348e-07

	5.12
	230.4
	6.5536e-07

	10.24
	460.8
	2.6212e-06



However, according to TS36.101 Section 5.5F, category NB1 and NB2 are designed to operate in band 1 and band 66 with high end downlink carrier frequency of 2.2 GHz which results in higher frequency drifts compared to Table 2. Based on the methodology of [3], we propose Table 3 to be used for frequency/time drifts of NB-IoT WUS simulations that is based on carrier frequency of 2.2 GHz. 
Table 3 Frequency/time drifts based on carrier frequency of 2.2 GHz
	DRX cycle (s)
	Frequency Drift [Hz]
	Timing Drift [s]

	1.28
	140.8
	4.0960e-08

	2.56
	281.6
	1.6348e-07

	5.12
	563.2
	6.5536e-07

	10.24
	1126.4
	2.6212e-06



Proposal 2. To adopt frequency/time drift in Table 3 for WUS simulation.
Table 4 presents a preliminary simulation result for the number of WUS subframes required to reach 1% false alarm and 99% detection probability for DRX cycle of 10.24s for EPA 1Hz channel, where the frequency and time drifts in Table 3 is assumed. Ncoh represents the number of subframes used for coherent combining. When number of Tx antennas is 1, Ncoh = 2 requires half of the number of WUS subframes to reach the required performance level compared to Ncoh = 1. However, for 2 Tx antennas that delivers Tx diversity, Ncoh = 1 and 2 perform similarly. 
Table 4 Number of WUS subframes needed for 1% FA/MD for DRX cycle of 10.24s and EPA 1Hz
	
	CINR
	NTx=1
	NTx=2

	Ncoh=1
	-6dB (EPA1)
	64
	32

	
	-12dB (EPA1)
	256
	128

	Ncoh=2
	-6dB (EPA1)
	32
	32

	
	-12dB (EPA1)
	128
	128


  
Observation 1. For DRX cycle of 10.24s and EPA 1Hz and 1 Tx antenna and with 1-subframe of coherent combining, 64 and 256 subframes are required to reach 1% false alarm and 99% detection probability for -6 dB and -12 dB SNR, respectively. For 2-subframe of coherent combining and 1 Tx antenna, the number of WUS subframes is reduced by half. For 2 Tx antenna, the number of WUS subframes for -6 and -12 dB SNR is 32 and 128, respectively, and not dependent on number of subframes used for coherent combining. 
Considering the above preliminary simualtion result, we propose to consider two coherent combining options for WUS simulations: 1) no coherent combining, 2) up to 2-sf coherent combining.
Proposal 3. For NB-IoT WUS simulation assumptions, consider two coherent combining options: 1) no coherent combining, 2) up to 2-sf coherent combining.
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