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1 Introduction
At previous meeting, RAN4 agreed to introduce WUS reception requirements for release 15 MTC UEs in terms of minimum number of repetitions of WUS signal as shown below. The agreements were captured in a CR was endorsed in [1]. Simulation results have shown significant difference in reception performance between 1 Tx- and 2 Tx based WUS transmissions [2]. 
	4.7.2.3
WUS receptions for UE category M1

This clause contains requirements on the UE regarding WUS reception provided that WUS has been configured in the serving cell.
The UE shall be capable of receiving the WUS signals of the serving cell provided that the minimum number of repetitions configured in the serving cell is according to Table 4.7.2.3-1 for normal coverage and Table 4.7.2.3-2 for enhanced coverage. 

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 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 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 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



In this contribution, we discuss the issues that needs to resolved in order carry out further studies to determine and specify the required number of repetitions of WUS signals. 
2 Discussions 
The first open issue is on frequency and timing drift for WUS. RAN4 has agreed on following simulation assumptions for simulating WUS for MTC [3]:
Table 1 Agreed WUS simulation assumptions [3]
	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%


Cat-M operation supports DRX cycles of 0.32, 0.64, 1.28 and 2.56 seconds. The DRX cycle lengths has an impact on the UE frequency and timing tracking performance, which has also been discussed in RAN1 and some assumptions on how to model these were reached in [4]. Based on this model and assuming a carrier frequency of 2.1 GHz, frequency and timing drift for the different DRX cycle lengths is derived as shown below. Typical carrier frequencies used for MTC operation is 800-900 MHz, and 2.1 GHz was used in release 15 high-velocity operation as a worst case scenario. 
Table 2 Frequency and timing drift for MTC WUS
	DRX cycle (s)
	Frequency drift [Hz]
	Timing drift [us]

	0.32
	44.4
	4.69006

	0.64
	58.8
	4.69774

	1.28
	87.6
	4.72846

	2.56
	145.2
	4.85134


Thus, it is reasonable to use same assumptions for WUS, and following proposal is made:
· Proposal #1: WUS simulation assumptions are updated to include the frequency- and timing drift as in Table 2.
The second open issue is with regard to whether UE can assume coherent combining of WUS. Our view is that WUS is a simple signal which UE should be able to receive it without applying any complicated algorithm. The number of subframes to UE can use for coherent combining is limited to 2 for 2 Tx based WUS transmission and for 1 Tx, it will be limited by other factors such as frequency error. It is observed from the initial WUS simulation results that UE may require large number of repetitions in some scenarios. Therefore, we propose to evaluate the WUS simulation performance using coherent combining over 2 downlink consecutive subframes. Simulation assumptions can be updated accordingly. 
· Proposal #2: WUS simulation assumptions are updated to include coherent combining over 2 downlink consecutive subframes. 
3 Summary 
In this contribution we have discussed the remaining issues on WUS reception requirements for release 15 MTC. Based on the discussions, we have propose to update the simulation assumptions as follows:
· Proposal #1: WUS simulation assumptions are updated to include the frequency- and timing drift as in Table 2.
· Proposal #2: WUS simulation assumptions are updated to include coherent combining over 2 downlink consecutive subframes. 
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