Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting #103 
R2-1811817
Gothenburg, Sweden, 20th – 24th August 2018

Agenda Item:
9.13.9
Source: 
Huawei, HiSilicon
Title:  
Gap determination in wake-up signal
Document for:
Discussion and Decision
1 Introduction
In this contribution, we discuss the gap determination for the wake-up signal for both NB-IoT and eMTC. The following discussion takes NB-IoT as an example but the conclusions are also applicable to eMTC.

RAN1 agreed to introduce three different gaps from the end of the configured maximum WUS duration to the associated PO, which are introduced in the RRC running CR within the WUS-Config-NB IE:

WUS-Config-NB information element

-- ASN1START

WUS-Config-NB-r15 ::=


SEQUENCE {


alpha-r15





WUS-Alpha-NB-r15,


numPOs-r15





ENUMERATED {n1, n2, n4}

DEFAULT n1,



numDRX-CyclesRelaxed-r15


ENUMERATED {n1, n2, n4, n8},



timeOffsetDRX-r15



ENUMERATED {ms40, ms80, ms160, ms240},

timeOffset-eDRX-Short-r15

ENUMERATED {ms40, ms80, ms160, ms240},

timeOffset-eDRX-Long-r15

ENUMERATED {s1, s2}


OPTIONAL,
-- Need OP

...


}

An NB-IoT UE with eDRX configuration needs to report its required minimum gap in UE-RadioPagingInfo-NB:
UE-RadioPagingInfo-NB information element

-- ASN1START

UE-RadioPagingInfo-NB-r13 ::=

SEQUENCE {


ue-Category-NB-r13



ENUMERATED {nb1}


OPTIONAL,


...,


[[ 
multiCarrierPaging-r14

ENUMERATED {true}


OPTIONAL


]],


[[
mixedOperationMode-r15

ENUMERATED {supported}

OPTIONAL,



wakeUpSignal-r15


ENUMERATED {true}


OPTIONAL,



wakeUpSignalMinGap-eDRX-r15
WakeUpSignal-eDRX-NB-r15
OPTIONAL

]]

}

WakeUpSignal-eDRX-NB-r15 ::=
ENUMERATED {ms40, ms240, ms1000, ms2000} 

-- ASN1STOP

According to the following editor’s note, how to determine the gap before associated PO should be specified in TS 36.304

Editor’s note: it is assumed that 36.304 will describe which gap the UE uses in eDRX based on its reported capability and the signalled timeOffset-eDRX-Short and timeOffset-eDRX-Long. 

2 Discussion
2.1 Background of three different gaps
The gap configuration and gap capability reporting were introduced based on the following RAN1 agreements in RAN1#93 [2]:

· Higher-layer configured WUS_offset is the non-zero gap from the end of the configured maximum WUS duration to the associated PO, as a number of absolute subframes.

· The UE reports one capability for "minimum gap between WUS and associated PO" for eDRX, selected among {Y1, Y2, …, YN}.

· There is no UE capability reporting for “minimum gap between WUS and associated PO” for DRX (i.e, the minimum gap is fixed in specification).

· {Y1, Y2, …, YN}={40ms, 240ms, 1s, 2s} for eDRX.

· The “minimum gap between WUS and associated PO” is fixed as 40ms for DRX.

· For DRX, a gap duration is configured with a value range of {40ms, 80ms, 160ms, 240ms}.

· For eDRX, a short gap is configured with a value range of {40ms, 80ms, 160ms, 240ms} and another longer gap can be optionally configured with a value range of {1s, 2s}.

· The short gap can be same or larger than the gap configured for DRX.

Before discussing gap determination, we review the background of introducing three different gaps for wake-up signal before PO.

Upon detecting the wake-up signal, a duration is needed for the UE to wake up and get ready to monitor NPDCCH in associated PO, i.e. a gap from the end of the configured maximum wake-up signal duration to associated PO:
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Figure 1. Gap from the end of maximum WUS duration to associated PO

The UEs in different sleep modes may have different requirement on the length of the gap to wake up. There can be three different sleep modes in NB-IoT according to RAN1 agreements. Examples of these three modes are described below:
UE in ‘deep’ sleep mode
Beside the LTE baseband receiver, some UEs may also have a wake-up receiver, which can be used to monitor the wake-up signal, while leaving the baseband deactivated, and wake up the baseband only upon WUS detection. If this kind of UE is configured with eDRX, they can power off the baseband and only keep the wake-up receiver on to monitor the wake-up signal before each PTW. In this case, the power consumption may be small since the whole baseband can be shut down outside the PTW. Upon detecting the wake-up signal, the UE in ‘deep’ sleep mode needs a relatively long gap (timeOffset-eDRX-Long) before the first PO in PTW since the whole baseband needs to be waken up, channel estimates established, etc.
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Figure 2. UE in ‘deep’ sleep

UE in ‘medium’ sleep mode
A UE without a separate wake-up receiver can still have a very low power mode if it has eDRX configuration. During eDRX, the UE in ‘medium’ sleep mode does not power off the whole baseband but instead it uses a very low power mode, e.g. where only the wake-up signal detecting circuit is active. A UE in this mode does not save as much power as one ‘deep’ sleep but because the baseband is not powered off, the required gap between the wake-up signal and the first PO of the PTW is smaller.
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Figure 3. UE in ‘medium’ sleep

UE in ‘light’ sleep
A UE in DRX mode can work in ‘light’ sleep mode between two consecutive POs. Apart from the wake-up signal detecting circuit, additional parts of the baseband are active, e.g. monitoring of NPDCCH, NRS. Thus, compared to above two sleep modes, the ‘light’ sleep mode uses more power, but the required gap before a PO is the shortest since a smaller part of the baseband needs to be waken up.
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Figure 4. UE in ‘light’ sleep

The differences between above 3 sleep modes can be summarized as the following table:
Table 1. Comparison between 3 sleep modes
	Sleep status
	Separate Wake-up receiver
	eDRX 
	Action upon WUS detection 
	Gap for waking up

	‘deep’
	Yes
	Yes
	Wake up the whole baseband 
	long

	‘medium’
	No
	Yes
	Wake up part of the baseband  
	medium

	‘light’
	No
	No
	Wake up reaming smaller part of the baseband 
	short


Based on the above analysis, in our understanding, the intention of introducing three different gaps after the wake-up signal is to allow UEs to work in a relatively deeper sleep mode as long as possible to save power consumption.
Observation 1:  The intention of introducing three different gaps after the wake-up signal is to take advantage of envisioned UE architectures for WUS which would allow the network to assist UEs to work in a relatively deeper sleep mode as long as possible for the greatest power savings.
2.2 Gap determination
The UE needs to determine the gap used to find the position of the wake-up signal before the associated PO according to its reported capability and the signalled gaps. Based on the above discussion, the reason for the gap is to provide enough time to wake up the baseband in order to receive the NPDCCH and NPDSCH, according to how much power saving capability the UE offers to the network. Within the PTW, the UE monitors NPDCCH similarly to the UE without eDRX configuration, thus it is understanding that timeOffset-eDRX-Short and timeOffset-eDRX-Long only apply to the WUS associated to the first PO in the PTW and that timeOffsetDRX is used for the subsequent PO(s) in the PTW, as shown in the following Figure 5:
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Figure 5. timeOffsetDRX is always used before the rest PO(s) in PTW
Proposal 1: To confirm that for a UE with eDRX configuration, timeOffset-eDRX-Short and timeOffset-eDRX-Long only apply to the WUS before the first PO in the PTW and timeOffsetDRX is used for the subsequent PO(s) in the PTW.
For a UE with eDRX configuration, the gaps that can be supported by the UE before the first PO in a PTW are determined according to its reported gap capability and the gap configuration signalled by the eNB. There are some RAN1 agreements about gap determination for the UE with eDRX configuration:
· For eDRX, if a short gap (G1) and a longer gap (G2) are both configured, and the configured gap (G1 for Case 1 and G2 for Case2) is the same as “minimum gap between WUS and associated PO” reported by UE

	UE reported one capability of “minimum gap between WUS and associated PO”
	UE expects the WUS with G1
	UE expects the WUS with G2

	Case 1: {40ms or 240ms}
	Y
	N

	Case 2: {1s or 2s}
	N
	Y


· If the configured gap (G1 for Case 1 and G2 for Case2) is other than the UE reported capability of “minimum gap between WUS and associated PO”,

· Case A: if the configured gap is larger than the UE reported capability of “minimum gap between WUS and associated PO”, UE monitors WUS with the configured larger gap 

· UE could wait until the end of the configured gap to detect paging.

· Case B: if the configured gap is smaller than the UE reported capability of “minimum gap between WUS and associated PO”, UE does not monitor WUS with the configured long gap for eDRX and uses short gap to monitor WUS with the configured short gap.

According to the above RAN1 agreements, we can draw the following table for the gap determination for a UE with eDRX configuration. The colour used in the table refers to the RAN1 agreement highlighted by the same colour:

· Case 1 refers to the case that the reported capability of the UE is the same as the configured timeOffset-eDRX-Short.
· Case 2 refers to the case that the reported capability of the UE is the same as the configured timeOffset-eDRX-Long.

· Case A refers to the case that the reported capability of the UE is 1s but the configured timeOffset-eDRX-Long is 2s or the reported capability of the UE is 40ms but the configured timeOffset-eDRX-Short is larger than 40ms.

· Case B refers to the case that the reported capability of the UE is 2s but the configured timeOffset-eDRX-Long is 1s.
Table 2. Gap determination for UE with eDRX configuration based on current RAN1 agreements
	Capability reported by UE
	timeOffset-eDRX-Short (ms) + timeOffset-eDRX-Long (s) configured by eNB

	
	Short: 40
Long: N/A
	Short: 80

Long: N/A
	Short: 160

Long: N/A
	Short: 240

Long: N/A
	Short: 40

Long: 1
	Short: 80

Long: 1
	Short: 160

Long: 1
	Short: 240

Long: 1
	Short: 40

Long: 2
	Short: 80

Long: 2
	Short: 160

Long: 2
	Short: 240

Long: 2

	40ms
	
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short

	240ms
	
	
	
	
	
	
	
	Short
	
	
	
	Short

	1s
	
	
	
	
	Long
	Long
	Long
	Long
	Long
	Long
	Long
	Long

	2s
	
	
	
	
	Short
	Short
	Short
	Short
	Long
	Long
	Long
	Long

	‘Short’ refers to timeOffset-eDRX-Short
‘Long’ refers to timeOffset-eDRX-Long


As shown in Table 2, there are combinations of reported capability and signalled gaps which are not covered by RAN1 agreements.
For the case where only timeOffset-eDRX-Short is configured and the configured value is the same as the capability reported by the UE, we think it is obvious that the UE should use the configured timeOffset-eDRX-Short. Then Table 2 can be updated as follows:

Table 3. Gap determination for UE with eDRX configuration
	Capability reported by UE
	timeOffset-eDRX-Short (ms) + timeOffset-eDRX-Long (s) configured by eNB

	
	Short: 40
Long: N/A
	Short: 80

Long: N/A
	Short: 160

Long: N/A
	Short: 240

Long: N/A
	Short: 40

Long: 1
	Short: 80

Long: 1
	Short: 160

Long: 1
	Short: 240

Long: 1
	Short: 40

Long: 2
	Short: 80

Long: 2
	Short: 160

Long: 2
	Short: 240

Long: 2

	40ms
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short

	240ms
	
	
	
	Short
	
	
	
	Short
	
	
	
	Short

	1s
	
	
	
	
	Long
	Long
	Long
	Long
	Long
	Long
	Long
	Long

	2s
	
	
	
	
	Short
	Short
	Short
	Short
	Long
	Long
	Long
	Long

	‘Short’ refers to timeOffset-eDRX-Short
‘Long’ refers to timeOffset-eDRX-Long


Proposal 2: If only timeOffset-eDRX-Short is configured and the configured value is the same as the capability reported by the UE, UE uses timeOffset-eDRX-Short for the first PO in PTW.
For the case where the UE reported 240ms gap capability and the configured timeOffset-eDRX-Short is smaller than 240ms, the configured timeOffset-eDRX-Short is not long enough for the UE to wake up from ‘medium’ sleep mode and receive NPDCCH. In this case, the UE needs to be in ‘light’ sleep to receive WUS and NPDCCH. Thus, timeOffsetDRX is also used for the first PO in PTW. Table 3 can be further updated as below:
Table 4. Gap determination for UE with eDRX configuration
	Capability reported by UE
	timeOffset-eDRX-Short (ms) + timeOffset-eDRX-Long (s) configured by eNB

	
	Short: 40
Long: N/A
	Short: 80

Long: N/A
	Short: 160

Long: N/A
	Short: 240

Long: N/A
	Short: 40

Long: 1
	Short: 80

Long: 1
	Short: 160

Long: 1
	Short: 240

Long: 1
	Short: 40

Long: 2
	Short: 80

Long: 2
	Short: 160

Long: 2
	Short: 240

Long: 2

	40ms
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short

	240ms
	DRX
	DRX
	DRX
	Short
	DRX
	DRX
	DRX
	Short
	DRX
	DRX
	DRX
	Short

	1s
	
	
	
	
	Long
	Long
	Long
	Long
	Long
	Long
	Long
	Long

	2s
	
	
	
	
	Short
	Short
	Short
	Short
	Long
	Long
	Long
	Long

	‘Short’ refers to timeOffset-eDRX-Short
‘Long’ refers to timeOffset-eDRX-Long

‘DRX’ refers to timeOffsetDRX


Proposal 3: If the UE reported 240ms gap capability and the configured value of timeOffset-eDRX-Short is smaller than 240ms, timeOffsetDRX is used for the first PO in the PTW.
If the UE reported 1s or 2s gap capability but the eNB does not configure timeOffset-eDRX-Long, the UE does not go into its deepest sleep mode between monitoring WUS. This case is similar to the case that the UE reported 2s gap capability but the eNB configured timeOffset-eDRX-Long to 1s for which RAN1 has agreed that timeOffset-eDRX-Short is used. Following the same approach, it is proposed that if the UE reported 1s or 2s gap capability but timeOffset-eDRX-Long is not configured, timeOffset-eDRX-Short is used for the first PO in PTW. This reflects the RAN1 design intention that the value range of the UE wake-up time, wakeUpSignalMinGap-eDRX, supports evolutions in UE hardware implementations which allow more components to be powered down if the network is willing to provide a suitable configuration, and otherwise the UE will exploit what it can of the configuration. Table 4 can be updated accordingly:
Table 5. Gap determination for UE with eDRX configuration
	Capability reported by UE
	timeOffset-eDRX-Short (ms) + timeOffset-eDRX-Long (s) configured by eNB

	
	Short: 40
Long: N/A
	Short: 80

Long: N/A
	Short: 160

Long: N/A
	Short: 240

Long: N/A
	Short: 40

Long: 1
	Short: 80

Long: 1
	Short: 160

Long: 1
	Short: 240

Long: 1
	Short: 40

Long: 2
	Short: 80

Long: 2
	Short: 160

Long: 2
	Short: 240

Long: 2

	40ms
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short

	240ms
	DRX
	DRX
	DRX
	Short
	DRX
	DRX
	DRX
	Short
	DRX
	DRX
	DRX
	Short

	1s
	Short
	Short
	Short
	Short
	Long
	Long
	Long
	Long
	Long
	Long
	Long
	Long

	2s
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Short
	Long
	Long
	Long
	Long

	‘Short’ refers to timeOffset-eDRX-Short
‘Long’ refers to timeOffset-eDRX-Long

‘DRX’ refers to timeOffsetDRX


Proposal 4: If the UE reported 1s or 2s gap capability but timeOffset-eDRX-Long is not configured, timeOffset-eDRX-Short is used for the first PO in the PTW.
A table similar to Table 5 should be captured in TS 36.304 for the UE with eDRX configuration to determine the gap for wake-up signal used before the first PO in PTW.
Proposal 5: Capture Table 5 in TS 36.304.
3 Conclusion

This paper focused on gap determination in wake-up signal for both NB-IoT and eMTC. The corresponding observation and proposals are listed below. 
Observation 1:  The intention of introducing three different gaps after the wake-up signal is to take advantage of envisioned UE architectures for WUS which would allow the network to assist UEs to work in a relatively deeper sleep mode as long as possible for the greatest power savings.

Proposal 6: To confirm that for a UE with eDRX configuration, timeOffset-eDRX-Short and timeOffset-eDRX-Long only apply to the WUS before the first PO in the PTW and timeOffsetDRX is used for the subsequent PO(s) in the PTW.

Proposal 7: If only timeOffset-eDRX-Short is configured and the configured value is the same as the capability reported by the UE, UE uses timeOffset-eDRX-Short for the first PO in PTW.

Proposal 8: If the UE reported 240ms gap capability and the configured value of timeOffset-eDRX-Short is smaller than 240ms, timeOffsetDRX is used for the first PO in the PTW.

Proposal 9: If the UE reported 1s or 2s gap capability but timeOffset-eDRX-Long is not configured, timeOffset-eDRX-Short is used for the first PO in the PTW.

Proposal 10: Capture Table 5 in TS 36.304.

CR corresponding to proposals 1-5 for both NB-IoT and eMTC is provided in [3].
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