3GPP TSG-RAN WG4 Meeting #88bis	R4-1813499
Chengdu, China, 8th – 12th Oct, 2018


Agenda item:	6.4.4.1
Source: 	Qualcomm Incorporated
Title: 	WUS detection performance requirement for NB-IoT UE
Document for:	Discussion
Introduction
In the last RAN4 #88 meeting, a way-forward was agreed to define the minimum requirement for the WUS detection performance [1].

In this paper, we present the WUS detection performance for the agreed scenario and present our view for the WUS minimum detection performance.
Simulation 
Simulation assumption
Based on the agreement [1], the following simulation assumption is used. 
· BS Tx antenna configuration
· 1Tx
· 2Tx with transmit diversity
· UE may assume the same Tx diversity scheme is used between WUS subframe 2n and 2n+1.
· UE Rx antenna configuration: 1Rx
· WUS BW: 180kHz
· Channel Model: EPA1, ETU1
· SNR: -6dB (normal coverage), -15dB (enhanced coverage)
· False alarm target: 1%
· Missed detectoin target: 1%

Note that the UE assumption on the Tx diversity pattern in 2Tx is based on the RAN1 agreement of the following TP.
	6.11B.2  Mapping to resource elements
The same antenna port shall be used for all symbols of the MWUS within a subframe. The UE shall not assume that the MWUS is transmitted on the same antenna port as any of the downlink reference signals or synchronization signals. If only one CRS port is configured by the eNB, the UE may assume the transmission of all MWUS subframes is using the same antenna port; otherwise, the UE may assume the same antenna port is used for MWUS transmission in DL subframes w0+2n and w0+2n+1, where w0 is the first DL subframe of the MWUS transmission as specified in [4], and n=0,1,…. .



Simulation result 
In this paper, we present the WUS detection performance result for EPA1 and ETU1 channel in normal and enhanced coverage. It is assumed that the WUS receiver is not aware of the SNR condition of the paging carrier while detecting possible WUS transmission, e.g., the case for a UE monitoring WUS from the non-anchor carrier where NRS may not be consistently available for NRSRP/SNR estimation except around the NPDCCH candidate for paging.
Table 1-1 and 1-2 shows the missed detection and false alarm performance in the normal coverage. It can be seen that for WUS subframe length of 32 and above, UE is able to reliably detect the WUS with less than 1% of false alarm and missed detection probability. Since the synchronization is assumed prior to WUS detection, the detection performance would not be affected by the specific DRX cycle.
Table 1-1. Missed detection and false alarm probability for different WUS subframe length in normal coverage (1Tx)
	1Tx
	16
	32
	64

	EPA1 (MD/FA)
	1% / 4%
	<1% / <1%
	<1% / <1%

	ETU1 (MD/FA)
	1% / 6.5%
	<1% / <1%
	<1% / <1%



Table 1-2. Missed detection and false alarm probability for different WUS subframe length in normal coverage (2Tx)
	2Tx
	8
	16
	32
	64

	EPA1 (MD/FA)
	1% / 50%
	1% / 3%
	<1% / <1%
	<1% / <1%

	ETU1 (MD/FA)
	1% / 51.4%
	1% / 2.6%
	<1% / <1%
	<1% / <1%



Observation 1. For UE monitoring WUS in EPA1/ETU1 channel in normal coverage, the UE can achieve less than 1% false alarm and missed detection performance with WUS length of 32.
[bookmark: _GoBack]Table 2-1 and 2-2 shows the missed detection and false alarm performance in the normal coverage. It can be seen that even with WUS subframe length of 64, UE is not be able to meet the 1% false alarm and 1% missed detection simultaneously. In fact, at deep fade, the instantaneous SNR can go much lower than -15dB in fading channel and the lack of time/spatial diversity makes it hard to reliably detect the paging without increasing the false alarm rate (or vice versa). Furthermore, in 2Tx scenario, coherent combining length of WUS detection is limited to two, which further affects the WUS detection performance under the lower number of WUS subframes.
Table 2-1. Missed detection and false alarm probability for different WUS subframe length in enhanced coverage (1Tx)
	1Tx
	16
	32
	64

	EPA1 (MD/FA)
	27.5% / 1% 

	11% / <1%
	4% / <1%

	ETU1 (MD/FA)
	31.6% / 1%
	11.4% / <1%
	3.7% / <1%



Table 2-2. Missed detection and false alarm probability for different WUS subframe length in enhanced coverage (2Tx)
	2Tx
	8
	16
	32
	64

	EPA1 (MD/FA)
	15.44% / 46.4%
	22.7% / 3%
	17.8% / < 1%
	1.2% /  < 1%

	ETU1 (MD/FA)
	19.9% / 46.4%
	29.5% / 3%
	24.2% / < 1%
	2.45% / < 1%



Observation 2. For UE monitoring WUS in EPA1/ETU1 channel in enhanced coverage, the UE can achieve less than 1% false alarm and less than 4% missed detection performance with WUS length of 64.
Conclusions
In this paper, we presented the simulation result for WUS detection performance for NB-IoT UE. The observations made in this paper is summarized as follows:

Observation 1. For UE monitoring WUS in EPA1/ETU1 channel in normal coverage, the UE can achieve less than 1% false alarm and missed detection performance with WUS length of 32.
Observation 2. For UE monitoring WUS in EPA1/ETU1 channel in enhanced coverage, the UE can achieve less than 1% false alarm and less than 4% missed detection performance with WUS length of 64.
References
[1] R4-1811691
8

4

