[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #92-Bis	R4-1912363
Chongqing, China, 14 – 18 October, 2019


Agenda item:	7.10.3.2
Source: 	Qualcomm Incorporated
Title: 	Simulation results for R16 eMTC WUS
Document for:	Discussion
Introduction
In RAN4#92 meeting, a Way Forward on Release 16 eMTC enhancements was agreed [1]. For Release 16 WUS, companies are to evaluate the impact on Pmiss and PFA using Release 15 simulation framework [2]. In this paper, we present the simulation results for Release 16 eMTC WUS.
Simulation Results
In Release 16 eMTC, a UE is required to monitor and detect 2 sequences in the same time/frequency WUS resource; the common WUS and the group-based WUS to which it belongs. Thought the sequence design in RAN1 is not fully finalized, there are enough similarities with Release 15 design to be able to re-use them for the purpose of core requirements evaluation. 
In the following simulation results, the same simulation assumptions as in [2] were used. The number of WUS subframes presented in Tables 1 and 2 are the minimum number of subframes required to achieve 99% detection probability for any of the two sequences with overall 1% false alarm probability. 
Table 1 summarizes the results for 1Tx antenna. Compared to our Release 15 results in [3], it can be observed that for Release 16, number of WUS subframes need to be increased to 64 for normal coverage with DRX cylcles ≤ 1.28. Similar to [3], EPA1 is the channel that dominates the requirements. Whether no coherent combining or 2-sf cohere combining is used, the results in other channels do not make much difference. However, in EPA5, 2-sf coherent combining performs better. 
Observation 1. For 1Tx antenna, similar to Release 15 WUS results, minimum number of subframes is dominated by EPA1 channel. EPA1 channel requires increased number of WUS subframes 64 for normal coverage with DRX cylcles ≤ 1.28 to achieve the performance target. Performance in other cases/channels is similar to Release 15 results. 

Table 1 WUS for 1Tx – R16 
	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
	128
	32
	32
	8
	64
	32
	32
	8

	
	0.64
	128
	32
	32
	8
	64
	32
	32
	8

	
	1.28
	128
	32
	32
	8
	64
	32
	32
	8

	
	2.56
	128
	32
	32
	8
	64
	32
	32
	8

	-12
	0.32
	256
	64
	64
	32
	128
	64
	64
	16

	
	0.64
	256
	64
	64
	32
	128
	64
	64
	16

	
	1.28
	256
	64
	64
	32
	128
	64
	64
	16

	
	2.56
	256
	64
	64
	32
	128
	64
	64
	16



Table 2 summarizes the results for 2Tx antenna. These results are quite similar compared to Release 15 results in [3]. As in [3], using 2-sf coherent combining is better compared to no coherent combining. 
Observation 2. For 2Tx antenna, Release 16 WUS results for 2Tx are quite similar to Release 15 WUS results. Coherent combining across 2 subframes performs better. EPA1 again dominates the performance requirements. 
Table 2 WUS for 2Tx – R16
	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
	8
	4
	4
	4
	4
	4

	
	0.64
	8
	8
	8
	4
	4
	4
	4
	4

	
	1.28
	8
	8
	8
	4
	4
	4
	4
	4

	
	2.56
	8
	8
	8
	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



Based on these simulation results, we propose the following tables for normal and enhanced coverage levels for R16 WUS requirements. The change compared to R15 WUS requirements is marked in red. 
Proposal 1. RAN4 to adopt Tables 3 and 4 for R16 WUS requirements in normal and enhanced coverage levels. (The change compared to R15 WUS requirements is marked in red.)
Table 3: 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

	≤ 1.28
	32 64
	4

	> 1.28
	64
	4



Table 4: 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

	≤ 1.28
	128
	32

	> 1.28
	256
	64




Conclusions
Observation 1. For 1Tx antenna, similar to Release 15 WUS results, minimum number of subframes is dominated by EPA1 channel. EPA1 channel requires increased number of WUS subframes 64 for normal coverage with DRX cylcles ≤ 1.28 to achieve the performance target. Performance in other cases/channels is similar to Release 15 results. 
Observation 2. For 2Tx antenna, Release 16 WUS results for 2Tx are quite similar to Release 15 WUS results. Coherent combining across 2 subframes performs better. EPA1 again dominates the performance requirements. 
Proposal 1. RAN4 to adopt Tables 3 and 4 for R16 WUS requirements in normal and enhanced coverage levels. (The change compared to R15 WUS requirements is marked in red.)
Table 3: 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

	≤ 1.28
	32 64
	4

	> 1.28
	64
	4



Table 4: 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

	≤ 1.28
	128
	32

	> 1.28
	256
	64
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