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Introduction
In RAN4#89 meeting, simulation assumptions for R15 eMTC WUS were agreed [1] which are reproduced here for reference. In this paper, we present simulation results for minimum number of warm-up subframes to achieve 1% false alarm and 99% detection probability. 
	Parameter
	Value

	BS TX antenna configuration
	1 Tx, 2 Tx with transmit diversity
Note: Tx diversity scheme will depend on RAN1 agreements

	UE Rx antenna configuration
	1 Rx

	WUS BW
	2 PRBs

	Channel model 
	EPA 1Hz, ETU 1 Hz, EPA 5 Hz, ETU 30 Hz, 

	SNR
	-6 dB, -12 dB 

	False alarm rate
	1%

	Detection probability
	99%

	Combining:
	Option 1: No coherent combining over multiple subframes;
Option 2: Coherent combining of 2 consecutive WUS subframes

	Precoder
	Orthogonal precoders alternate every 2 WUS subframes for 2 Tx based WUS transmissions




	DRX cycle (s)
	Frequency drift [Hz]
	Timing drift [s]

	0.32
	65.2
	2.560e-09

	0.64
	100.4
	1.024e-08

	1.28
	170.8
	4.096e-08

	2.56
	311.6
	1.638e-07



Simulation results
Table 1 summarizes the minimum WUS to achieve 99% detection probability with 1% false alarm probability for 1Tx antenna. No significant performance improvement is seen from 2-sf coherent combining except in EPA5 under normal coverage and ETU30 channel under enhanced coverage. Minimum WUS is dominated by EPA1 channel.
Observation 1. With 1Tx, no significant performance improvement is seen from 2-sf coherent combining except in EPA5 under normal coverage and ETU30 channel under enhanced coverage. Minimum WUS is dominated by EPA1 channel.
Table 1 WUS for 1Tx
	SNR (dB)
	DRX Cycle (s)
	EPA1 (no coherent comb)
	ETU1 (no coherent comb)
	EPA5 (no coherent comb)
	ETU30 (no coherent comb)
	EPA1 (2sf coherent comb)
	ETU1 (2sf coherent comb)
	EPA5 (2sf coherent comb)
	ETU30 (2sf coherent comb)

	-6
	0.32
	64
	32
	16
	8
	64
	32
	8
	8

	
	0.64
	64
	32
	16
	8
	64
	32
	8
	8

	
	1.28
	64
	32
	16
	8
	64
	32
	8
	8

	
	2.56
	64
	32
	16
	8
	64
	32
	8
	8

	-12
	0.32
	128
	64
	64
	32
	128
	64
	64
	16

	
	0.64
	128
	64
	64
	32
	128
	64
	64
	16

	
	1.28
	128
	64
	64
	32
	128
	64
	64
	16

	
	2.56
	128
	64
	64
	32
	128
	64
	64
	16



Table 2 summarizes the minimum WUS to achieve 99% detection probability with 1% false alarm probability for 2Tx antenna. Significant performance improvement is seen compared to 1Tx scenario. Performance improvement from 2-sf coherent combining is now more evident. Using 2-sf coherent combining in 2Tx achieves half the number of WUS.
Observation 2. Performance improvement is seen in 2Tx compared to 1Tx. Performance improvement from 2-sf coherent combining is 50% compared to no coherent combining. Minimum WUS is dominated by EPA1 channel.




Table 2 WUS for 2Tx
	SNR (dB)
	DRX Cycle (s)
	EPA1 (no coherent comb)
	ETU1 (no coherent comb)
	EPA5 (no coherent comb)
	ETU30 (no coherent comb)
	EPA1 (2sf coherent comb)
	ETU1 (2sf coherent comb)
	EPA5 (2sf coherent comb)
	ETU30 (2sf coherent comb)

	-6
	0.32
	8
	8
	4
	4
	4
	4
	4
	4

	
	0.64
	8
	8
	4
	4
	4
	4
	4
	4

	
	1.28
	8
	8
	4
	4
	4
	4
	4
	4

	
	2.56
	8
	8
	4
	4
	4
	4
	4
	4

	-12
	0.32
	64
	32
	32
	16
	32
	32
	16
	16

	
	0.64
	64
	32
	32
	16
	32
	32
	16
	16

	
	1.28
	64
	32
	32
	16
	32
	32
	16
	16

	
	2.56
	64
	32
	32
	16
	32
	32
	16
	16



Conclusions
Observation 1. With 1Tx, no significant performance improvement is seen from 2-sf coherent combining except in EPA5 under normal coverage and ETU30 channel under enhanced coverage. Minimum WUS is dominated by EPA1 channel.
Observation 2. Performance improvement is seen in 2Tx compared to 1Tx. Performance improvement from 2-sf coherent combining is 50% compared to no coherent combining. Minimum WUS is dominated by EPA1 channel.
Based on results in Tables 1 and 2, we propose the following for Tables 4.7.2.3-1 and 4.7.2.3-2 in [2]:

Table 4.7.2.3-1 Conditions for WUS reception for UE normal coverage level
	DRX cycle length [s]
	Required number of repetition of WUS signal with 1Tx
	Required number of repetition of WUS signal with 2Tx

	0.32
	64
	4

	0.64
	64
	4

	1.28
	64
	4

	2.56
	64
	4




Table 4.7.2.3-2 Conditions for WUS reception for UE enhanced coverage level
	DRX cycle length [s]
	Required number of repetition of WUS signal with 1Tx
	Required number of repetition of WUS signal with 2Tx

	0.32
	128
	32

	0.64
	128
	32

	1.28
	128
	32

	2.56
	128
	32
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