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Introduction
[bookmark: _GoBack]At last RAN4 meeting, RAN4 discussed and agreed to introduce WUS reception requirements for MTC in [1]. As per the agreements in [1], the WUS reception requirements are specified per DRX cycle, coverage level and number of transmit antennas. The required number of repetitions are currently TBD. In this contribution, the simulation results for WUS reception performance for different DRX cycle lengths and coverage levels are presented with the aim to resolve the TBDs. Our companion paper in [2] contains the proposed changes to the specification based on these results.  
Simulation assumption for WUS for efeMTC
Table 1 shows the agreed simulation assumptions [1]. 

[bookmark: _Ref510713863]Table 1: Simulation assumption for efeMTC
	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, -15 dB 

	False alarm rate
	1%

	Detection probability
	99%



Based on the simulation study, RAN4 is to resolve the TBD values as agreed in [3]:
Table 2 Conditions for WUS reception for UE normal coverage level
	DRX cycle length [s]
	Required number of repetition of WUS signal with 1 transmit antenna
	Required number of repetition of WUS signal with 2 transmit antennas

	0.32
	TBD
	TBD

	0.64
	TBD
	TBD

	1.28
	TBD
	TBD

	2.56
	TBD
	TBD




Table 3 Conditions for WUS reception for UE enhanced coverage level
	DRX cycle length [s]
	Required number of repetition of WUS signal with 1 transmit antenna
	Required number of repetition of WUS signal with 2 transmit antennas

	0.32
	TBD
	TBD

	0.64
	TBD
	TBD

	1.28
	TBD
	TBD

	2.56
	TBD
	TBD



[bookmark: _Toc472092067][bookmark: _Toc477793227][bookmark: _Toc477794298][bookmark: _Toc477794306][bookmark: _Toc477794314]Simulation results
WUS simulation results for normal coverage/CEModeA

Table 2 WUS reception results for EPA 5 Hz
	
	1 Tx
	2 Tx

	Channel
	Doppler
	DRX
	Rmax
	SNR
	Rmax
	SNR

	EPA
	5
	0
	1
	-0,4
	2
	-12,4

	EPA
	5
	1,28
	1
	-0,4
	2
	-12,2

	EPA
	5
	2,56
	1
	-0,6
	2
	-12,3

	EPA
	5
	5,12
	1
	0,4
	2
	-11,7

	EPA
	5
	10,24
	1
	6,5
	2
	-9,8

	EPA
	5
	0
	2
	-2,5
	4
	-14,9

	EPA
	5
	1,28
	2
	-2,2
	4
	-14,9

	EPA
	5
	2,56
	2
	-2,4
	4
	-14,7

	EPA
	5
	5,12
	2
	-1,6
	4
	-14,2

	EPA
	5
	10,24
	2
	1,2
	4
	-12,4

	EPA
	5
	0
	4
	-5,8
	8
	-16,8

	EPA
	5
	1,28
	4
	-5,8
	8
	-16,5

	EPA
	5
	2,56
	4
	-5,3
	8
	-16,6

	EPA
	5
	5,12
	4
	-5
	8
	-15,9

	EPA
	5
	10,24
	4
	-1,7
	8
	-14,3

	EPA
	5
	0
	8
	-8,5
	16
	-19,3

	EPA
	5
	1,28
	8
	-8,2
	16
	-19,1

	EPA
	5
	2,56
	8
	-8,2
	16
	-19,1

	EPA
	5
	5,12
	8
	-7,5
	16
	-18,4

	EPA
	5
	10,24
	8
	-5,1
	16
	-16,8

	EPA
	5
	0
	16
	-12,8
	
	

	EPA
	5
	1,28
	16
	-12,4
	
	

	EPA
	5
	2,56
	16
	-12,4
	
	

	EPA
	5
	5,12
	16
	-11,9
	
	

	EPA
	5
	10,24
	16
	-10,1
	
	



Table 3 WUS reception results for ETU 30 Hz
	
	1 Tx
	2 Tx

	Channel
	Doppler
	DRX
	Repetitions
	SNR
	Repetitions
	SNR

	ETU
	30
	0
	1
	n/a
	2
	-11,9

	ETU
	30
	1,28
	1
	n/a
	2
	-11,9

	ETU
	30
	2,56
	1
	n/a
	2
	-11,7

	ETU
	30
	5,12
	1
	n/a
	2
	-11,3

	ETU
	30
	10,24
	1
	n/a
	2
	-9,3

	ETU
	30
	0
	2
	n/a
	4
	-15,1

	ETU
	30
	1,28
	2
	n/a
	4
	-15,3

	ETU
	30
	2,56
	2
	n/a
	4
	-14,9

	ETU
	30
	5,12
	2
	n/a
	4
	-14,2

	ETU
	30
	10,24
	2
	n/a
	4
	-12,4

	ETU
	30
	0
	4
	-6
	8
	-18,5

	ETU
	30
	1,28
	4
	-6
	8
	-18,3

	ETU
	30
	2,56
	4
	n/a
	8
	-18,1

	ETU
	30
	5,12
	4
	n/a
	8
	-17,7

	ETU
	30
	10,24
	4
	n/a
	8
	-15,7

	ETU
	30
	0
	8
	-13,2
	16
	-22,2

	ETU
	30
	1,28
	8
	-13,88
	16
	-22,2

	ETU
	30
	2,56
	8
	-13,2
	16
	-21,9

	ETU
	30
	5,12
	8
	-13
	16
	-21,4

	ETU
	30
	10,24
	8
	-10,6
	16
	-19,6

	ETU
	30
	0
	16
	-18,7
	
	

	ETU
	30
	1,28
	16
	-18,7
	
	

	ETU
	30
	2,56
	16
	-18,6
	
	

	ETU
	30
	5,12
	16
	-18,1
	
	

	ETU
	30
	10,24
	16
	-16,1
	
	



WUS simulation results for enhanced coverage/CEModeB 

Table 4 WUS reception results for EPA 1 Hz
	
	1 Tx
	2 Tx

	Channel
	Doppler
	DRX
	Repetitions
	SNR
	Repetitions
	SNR

	EPA
	1
	0
	2
	-2,2
	2
	-12,3

	EPA
	1
	1,28
	2
	-2,2
	2
	-12,1

	EPA
	1
	2,56
	2
	-1,6
	2
	-12,3

	EPA
	1
	5,12
	2
	-2,2
	2
	-11,7

	EPA
	1
	10,24
	2
	0,9
	2
	-9,8

	EPA
	1
	0
	4
	-5,1
	4
	-14,9

	EPA
	1
	1,28
	4
	-6
	4
	-14,7

	EPA
	1
	2,56
	4
	-4,3
	4
	-14,7

	EPA
	1
	5,12
	4
	-4,3
	4
	-14,2

	EPA
	1
	10,24
	4
	-2,3
	4
	-12,3

	EPA
	1
	0
	8
	-7
	8
	-16,7

	EPA
	1
	1,28
	8
	-6,5
	8
	-16,4

	EPA
	1
	2,56
	8
	-6,6
	8
	-16,4

	EPA
	1
	5,12
	8
	-6,8
	8
	-15,9

	EPA
	1
	10,24
	8
	-5,4
	8
	-14,2

	EPA
	1
	0
	16
	-10,1
	16
	-18,8

	EPA
	1
	1,28
	16
	-10
	16
	-18,7

	EPA
	1
	2,56
	16
	-9,6
	16
	-18,6

	EPA
	1
	5,12
	16
	-9,2
	16
	-18,2

	EPA
	1
	10,24
	16
	-5,9
	16
	-16,4



Table 5 WUS reception results for ETU 1 Hz
	
	1 Tx
	2 Tx

	Channel
	Doppler
	DRX
	Repetitions
	SNR
	Repetitions
	SNR

	ETU
	1
	0
	1
	4,8
	2
	-12,3

	ETU
	1
	1,28
	1
	-5,3
	2
	-11,8

	ETU
	1
	2,56
	1
	-4,9
	2
	-11,8

	ETU
	1
	5,12
	1
	-3,8
	2
	-11,3

	ETU
	1
	10,24
	1
	-1,7
	2
	-9,4

	ETU
	1
	0
	2
	-7,1
	4
	-14,8

	ETU
	1
	1,28
	2
	-7,1
	4
	-14,6

	ETU
	1
	2,56
	2
	-6,9
	4
	-14,5

	ETU
	1
	5,12
	2
	-6,5
	4
	-14,2

	ETU
	1
	10,24
	2
	-4,1
	4
	-12,1

	ETU
	1
	0
	4
	-10
	8
	-16,9

	ETU
	1
	1,28
	4
	-9,7
	8
	-16,6

	ETU
	1
	2,56
	4
	-9,7
	8
	-16,6

	ETU
	1
	5,12
	4
	-8,9
	8
	-15,9

	ETU
	1
	10,24
	4
	-7,2
	8
	-14,1

	ETU
	1
	0
	8
	-11,5
	16
	-19,2

	ETU
	1
	1,28
	8
	-11,9
	16
	-18,8

	ETU
	1
	2,56
	8
	-11,9
	16
	-19

	ETU
	1
	5,12
	8
	-11,4
	16
	-18,5

	ETU
	1
	10,24
	8
	-9,3
	16
	-16,6

	ETU
	1
	0
	16
	-14,7
	32
	-20,9

	ETU
	1
	1,28
	16
	-14,4
	32
	-20,9

	ETU
	1
	2,56
	16
	-14,2
	32
	-20,6

	ETU
	1
	5,12
	16
	-13,8
	32
	-20,1

	ETU
	1
	10,24
	16
	-11,5
	32
	-18,5

	ETU
	1
	0
	32
	-16,9
	
	

	ETU
	1
	1,28
	32
	-16,4
	
	

	ETU
	1
	2,56
	32
	-16,4
	
	

	ETU
	1
	5,12
	32
	-15,4
	
	

	ETU
	1
	10,24
	32
	-14,1
	
	





Summary 
The results are summarized in Table 6 based on worst case.

Table 6: Summary of results for receiving WUS in normal and enhanced coverage  
	DRX cycle length [s]
	Required no. of Rep. for normal coverage with Tx-Div
	Required no. of Rep. for normal coverage w/o Tx-Div
	Required no. of Rep. for enhanced coverage with Tx-Div
	Required no. of Rep. for enhanced coverage w/o Tx-Div

	0.32
	TBD
	TBD
	TBD
	TBD

	0.64
	TBD
	TBD
	TBD
	TBD

	1.28
	2
	8
	8
	32

	2.56
	2
	8
	8
	32



In this contribution, the simulation results for minimum WUS reception performance for release 15 efeMTC are presented based on agreed simulation assumptions. We kindly ask the companies to consider these results to resolve the TBDs in the current tables for minimum reception requirements for WUS as agreed in [1]. Based on the results, following observations are made:

· Proposal: WUS reception requirements are defined based on the required number of repetitions in Table 6.   

Note: The simulation results for DRX cycle lengths of 0.32 s and 0.64 s will be presented in a revision once results are available.
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