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1 Introduction
New WIDs on “Further NB-IoT enhancement” and “Even further enhanced MTC for LTE” were agreed at RAN#75 and revised at RAN#76 and RAN#77 [1], [2].

One objective of these two WIDs is power consumption reduction for physical channels for NB-IoT and MTC as follows:

For NB-IoT:

· Power consumption reduction for physical channels

· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1,  RAN2,  RAN4]

For eMTC:
· Power consumption reduction for physical channels [RAN1 lead, RAN2, RAN4]
· Study and, if found beneficial for idle mode paging and/or connected mode DRX, specify physical signal/channel that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel.

The following agreements on wake-up signal for paging in IDLE mode were made in RAN1#91 [3] and RAN1 92 [4]:
NB-IoT working assumptions and agreements:

	Agreements of RAN1#91:
· The [maximum] duration of WUS is configured per NB-IoT carrier 

· FFS: WUS actual transmission duration can be shorter than the configured maximum duration of WUS.

· Alt 1: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS.

· Alt 2: The actual WUS duration is transmitted aligning to the end of the configured maximum duration of WUS.

· There is a non-zero gap from the end of configured [maximum] WUS duration to the associated PO

· FFS: exact value of non-zero-gap

· FFS if it is fixed in spec or configurable explicitly, or known implicitly from other configured parameters
· The network can enable or disable use of the WUS 

· How UE acquires information on WUS enabling/disabling is up to RAN2 decision

Agreements of RAN1#92:
· Remove the bracket in the agreement: 

· The [maximum] duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. 

· WUS actual transmission duration can be shorter than the configured maximum duration of WUS.
· The list used for configuring maximum duration of WUS at least depends on Rmax associated type 1 CSS, and FFS the number and exact values of the scaling factors between maximum duration of WUS and Rmax associated type 1 CSS

· Remove the bracket in the following agreements:

· There is a non-zero gap from the end of configured [maximum] WUS duration to the associated PO

· FFS: exact value of non-zero-gap

· FFS if it is fixed in spec or configurable explicitly, or known implicitly from other configured parameters

· The [maximum] duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. FFS if the list:

· depends on Rmax and if so the number of lists specified

· is a single list for all Rmax

· Note: the Rmax refers to the one configured for paging

· The non-zero gap from the end of the configured [maximum] WUS duration to the associated PO is configurable

· FFS the minimum duration

· FFS the configuration is explicit or implicitly derived

· In eDRX, from the UE perspective, the default UE configuration is a one-to-one mapping between WUS and PO.

· In eDRX, from the UE perspective, an optional UE configuration is a 1-to-N mapping between WUS and PO.

· Note: The WUS design and configuration for eDRX must allow the network to reach a UE within a PTW.
· Confirm WA for eMTC and NB-IoT

· At least in a UE’s DRX cycle, how the UE knows the WUS time location, is: A WUS has a time location which is configurable with respect to the associated PO(s) location(s)

Working assumption of RAN1#92:
· For UE operating WUS, UE is allowed to relax RRM measurements, at least for low mobility UEs, to once every N DRX cycles, where N is FFS

· The RRM measurement relaxation is enabled/disabled by the network.

· WUS can still be enabled by the network when the RRM measurement relaxation is disabled.

· Note: This does not imply any change in the random access procedure / power control / CE level selection, nor relaxations in the requirements related to the random access procedure.

· WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles

· FFS for eDRX case

· FFS whether N depends on the length of PTW.

· For 164dB MCL, there is a WUS configuration that enables sync for at least a value of N>1 for at least the smallest DRX cycle.

· FFS for other DRX cycles and values of N

· FFS whether N is fixed, configurable, or depends on the DRX cycle
· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.

· Note: the above applies to at least the case where the gap is large enough for scheduling UE

· Note: the above does not imply that subgroup of UEs is introduced and that subgroup is TDM




eMTC working assumptions and agreements:
	Agreements of RAN1#91:

· At least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle
· There is at least one WUS parameter determined by at least SI for at least IDLE_MODE UE.

· The [maximum] WUS length in a cell is configurable

Agreements of RAN1#92:
· Confirm WA for eMTC and NB-IoT

· At least in a UE’s DRX cycle, how the UE knows the WUS time location, is: A WUS has a time location which is configurable with respect to the associated PO(s) location(s)

· The network can enable or disable use of the WUS 

· How UE acquires information on WUS enabling/disabling is up to RAN2 decision

· The maximum duration of WUS is cell-specifically configured in SIB as one value from a list.

· The list used for configuring maximum duration of WUS at least depends on Rmax associated type 1 CSS, and FFS the number and exact values of the scaling factors between maximum duration of WUS and Rmax associated type 1 CSS

· WUS actual transmission duration can be shorter than the configured maximum duration of WUS.

· The non-zero gap from the end of the configured maximum WUS duration to the associated PO is configurable

· FFS the configuration is explicit or implicitly derived
· In eDRX, from the UE perspective, the default UE configuration is a one-to-one mapping between WUS and PO.

· In eDRX, from the UE perspective, an optional UE configuration is a 1-to-N mapping between WUS and PO.

· Note: The WUS design and configuration for eDRX must allow the network to reach a UE within a PTW.
Working assumption of RAN1#92:
· For eMTC, a new periodic synchronization signal is introduced.

· The new periodic sync signal is configurable (including OFF/ON configuration)

· FFS on the functionality/information provided by the synchronization signal, including 

· whether the additional synchronization signal can provide WUS-related information for a subset or a group of POs

· In case the additional synchronization signal provides WUS-related information, FFS whether there is an additional WUS/DTX signal, which may be separately configured.

· In case the additional synchronization signal does not provides WUS-related information, there is an additional WUS/DTX signal

· System information change notification

· FFS on location of the sync signal

· The new synchronization signal can be used also for non-WUS purposes (e.g. by UEs that need to synchronize after exiting PSM state)

· FFS whether the “new sync signal” can reuse the NB-IoT WUS sequence or a different sequence.

· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.

· Note: the above applies to at least the case where the gap is large enough for scheduling UE

· Note: the above does not imply that subgroup of UEs is introduced and that subgroup is TDM



The following agreements on wake-up signal for paging in IDLE mode were made in RAN2#100 [5] and RAN2#101 [6]:
	Agreements of RAN2#100:
· RAN2 could not agree on the feasibility to apply one wake-up signal to multiple POs in a PTW. It would need further discussions to reach an agreement in R2.

· It is FFS if the use of wake-up signal for paging is enabled/disabled via system information in NB-IoT. Also in MTC if enabling/disabling is agreed in RAN1.
In RAN2#101:
LS was replied to RAN1 to confirmed the feasibility of mapping one WUS to several POs for eDRX UEs.



In this contribution, we discuss wake-up signal for paging in IDLE mode for both NB-IoT and eMTC.

2 Discussion
2.1 Configuration parameters
RAN1 progress on WUS is a bit different for NB-IoT and MTC. According to RAN1 conclusions on WUS for paging in IDLE mode, the following configuration need to be considered by RAN2:

	Configuration
	NB-IoT
	eMTC

	Maximum duration of WUS
	Agreement

(carrier specific)
	Agreement
(cell specific)

	Time location of WUS with respect to the associated PO(s) location(s)
	Agreement
	Agreement

	Non-zero gap from the end of the maximum WUS duration to the associated PO
	Agreement
(FFS explicit or implicit)
	Agreement
(FFS explicit or implicit)

	Enabling/disabling of WUS
	Agreement
	Agreement

	Mapping between WUS to PO
	Agreement
(default 1-to-1)
	Agreement
(default 1-to-1)

	UE sub-groups
	FFS
	FFS

	N: RRM measurement is relaxed to every N DRX cycles
	Working assumption
(FFS fixed, configurable, or depending on DRX cycle)
	-

	Enabling/disabling of RRM measurement relaxation
	Working assumption

(depending on RAN4 confirmation)
	-

	Enabling/disabling of the new periodic synchronization signal
	-
	Working assumption


Maximum duration, time location and gap of WUS
In NB-IoT, the parameter maximum duration of WUS has been agreed by RAN1 to be per carrier configuration. For the time location and the non-zero gap from the end of the maximum WUS duration to the associated PO, it depends on RAN1 whether they are common to all carriers or per carrier. In the following, we assume they are per carrier configuration. In Rel-13/14 NB-IoT, the maximum repetition number of NPDCCH for paging on the anchor carrier is configured in IE PCCH-Config-NB in SIB2-NB. The maximum repetition number of NPDCCH for paging on a non-anchor carrier is configured in SIB22-NB. Following a similar approach, it is proposed that the maximum duration, time location and the gap of WUS on the anchor carrier and non-anchor carriers are configured in SIB2-NB and SIB22-NB respectively.
Proposal 1: For NB-IoT, maximum duration, time location and non-zero gap of WUS on anchor carrier and non-anchor carriers are signalled in SIB2-NB and SIB22-NB respectively.

In eMTC, common paging configuration for all paging narrowbands is specified in IE PCCH-Config in SIB2. Following a similar approach, it is proposed that the duration (or maximum duration) and time location of WUS are common to all paging narrowbands and configured in SIB2 in MTC:
Proposal 2: For eMTC, maximum duration, time location and non-zero gap of WUS are common to all paging narrowbands and signalled in SIB2.

Enabling/disabling

Based on proposal 1 and 2, the use of WUS in a cell can be enabled/disabled implicitly by the configuration or not in system information for both NB-IoT and eMTC.

Proposal 3: For both NB-IoT and eMTC, the use of WUS in a cell is enabled/disabled by signalling or not the WUS configuration in system information.
Mapping between WUS to PO
For both NB-IoT and eMTC, RAN1 has agreed to have mapping between WUS to PO for eDRX UEs with the default 1-to-1 mapping relationship. In our understanding, the mapping is dependent on the PTW and the cell DRX cycle. Thus, the mapping between WUS to PO should be cell specific. As for other paging configuration, this should be signalled in SIB2-NB for NB-IoT and SIB2 for eMTC, we propose that the value {1 (default), 2, 4, 8} can be configured.

Proposal 4: For both NB-IoT and eMTC, the number of POs per WUS is cell specific configuration and signalled in SIB2-NB/SIB2 with the value range {1, 2, 4, 8}.
UE sub-groups
RAN2 has confirmed the feasibility of UE sub-group for WUS in RAN2#100. The final decision will be made in RAN1. If associating one WUS to a sub-group of UEs is agreed in RAN1, how to create sub-groups of UEs associated to a PO needs to be discussed in RAN2.

In the paging procedure, the PO, PF, PH and paging carrier (paging narrowbands for eMTC) for a UE are all determined according to the UE_ID. Similarly, the UEs associated to a PO can be further divided into groups according to the UE_ID. For example, assuming there are X sub groups, the sub-group ID can be calculated as:

floor(UE_ID/(N*Ns)) mod X
Proposal 5: If UE sub-groups for WUS is agreed in RAN1, the sub-groups are defined using the UE_ID.
In our understanding, the number of UE sub-groups needs to be configurable so that the eNB can adjust the number according to the number of UEs that can be associated to a PO. The number of UEs associated to a PO is determined by the default DRX cycle and nB, which are all cell specific configuration in SIB2-NB for NB-IoT and in SIB2 for eMTC. Therefore, the number of UE sub-groups should be a cell specific configuration in SIB2-NB for NB-IoT, and in SIB2 for eMTC.

Proposal 6: If UE sub-groups for WUS is agreed in RAN1, the number of sub-groups is a cell specific parameter configured in SIB2-NB in NB-IoT, and in SIB2 in eMTC.

N: Number of DRX cycles for RRM measurement relaxation in NB-IoT
For NB-IoT, RAN1 has sent an LS to RAN4 to confirm the feasibility of relaxing the RRM measurement from each DRX cycle to every N DRX cycles. It is still FFS in RAN1 whether the value of N is fixed, configurable, or depending on DRX cycle. If the feasibility of RRM measurement relaxation is confirmed by RAN4 and the value of N is agreed to be configurable by RAN1, we think it should be cell specific configuration in NB-IoT.
Proposal 7: For NB-IoT, if the feasibility of RRM measurement relaxation is confirmed by RAN4 and the value of N is agreed to be configurable by RAN1, the value of N is a cell specific parameter configured in SIB2-NB.
Enabling/disabling of RRM measurement relaxation in NB-IoT
Similarly to enabling/disabling of WUS, if the value of N is configurable, RRM measurement relaxation in a cell can be enabled/disabled implicitly by the configuration of N in system information. Otherwise, it can be enabled/disabled explicitly by SIB2-NB in NB-IoT.
Proposal 8: For NB-IoT, if the feasibility of RRM measurement relaxation is confirmed by RAN4, the use of RRM measurement relaxation is enabled/disabled implicitly by the configuration of N or explicitly by SIB2-NB, depending on whether N is configurable.
Enabling/disabling of the new periodic synchronization signal in eMTC
The introduction of the new periodic synchronization signal is a working assumption for eMTC in RAN1. If this assumption is confirmed by RAN1, the use of the new signal should be enabled/disabled by SIB2 for eMTC.
Proposal 9: For eMTC, if the introduction of the new periodic synchronization signal is confirmed by RAN1, the use of it is enabled/disabled by SIB2.

Other restrictions for the UE to use WUS
If WUS is enabled by the eNB, whether to introduce other restrictions for the UE to monitor WUS can be discussed. For example, eDRX cycle threshold.

The benefit of the WUS is to reduce the unnecessary power consumption related to NPDCCH/MPDCCH monitoring. Thus it is primarily beneficial for UEs that have short DL latency (i.e. short eDRX cycle or no eDRX cycle) but are not paged frequently. For the UEs with long eDRX cycle, the benefit is not so large. On the other hand, limiting the use of the WUS to a subset of UEs will save resources in the network. Therefore, it is proposed to consider introducing eDRX cycle threshold to allow only the UEs with short eDRX cycle to use the WUS.
Proposal 10: RAN2 to consider introducing an eDRX cycle threshold for monitoring of the WUS.
2.1.1 Text proposals of WUS configuration for NB-IoT
Based on above proposals, we have the following text proposals for NB-IoT.

The common configuration and the configuration of the anchor carrier are specified in IE RadioResourceConfigCommonSIB-NB in SIB2-NB: 
RadioResourceConfigCommonSIB-NB information element
-- ASN1START

RadioResourceConfigCommonSIB-NB-r13 ::=
SEQUENCE {


rach-ConfigCommon-r13 




RACH-ConfigCommon-NB-r13,


bcch-Config-r13 





BCCH-Config-NB-r13,


pcch-Config-r13 





PCCH-Config-NB-r13,


nprach-Config-r13





NPRACH-ConfigSIB-NB-r13,


npdsch-ConfigCommon-r13




NPDSCH-ConfigCommon-NB-r13,


npusch-ConfigCommon-r13




NPUSCH-ConfigCommon-NB-r13,


dl-Gap-r13







DL-GapConfig-NB-r13


OPTIONAL,

-- Need OP


uplinkPowerControlCommon-r13


UplinkPowerControlCommon-NB-r13,


...,


[[
nprach-Config-v1330




NPRACH-ConfigSIB-NB-v1330
OPTIONAL

-- Need OR

]],


[[
pcch-Config-v15xy 




PCCH-Config-NB-v15xy

OPTIONAL

-- Need OR


]]
}

BCCH-Config-NB-r13 ::=




SEQUENCE {


modificationPeriodCoeff-r13



ENUMERATED {n16, n32, n64, n128}

}

PCCH-Config-NB-r13 ::=




SEQUENCE {


defaultPagingCycle-r13




ENUMERATED {rf128, rf256, rf512, rf1024},


nB-r13








ENUMERATED {













fourT, twoT, oneT, halfT, quarterT, one8thT,













one16thT, one32ndT, one64thT,













one128thT, one256thT, one512thT, one1024thT,













spare3, spare2, spare1},


npdcch-NumRepetitionPaging-r13


ENUMERATED {













r1, r2, r4, r8, r16, r32, r64, r128, 













r256, r512, r1024, r2048, 













spare4, spare3, spare2, spare1}
}

PCCH-Config-NB-v15xy 





SEQUENCE {


wus-NumPOs-r15






ENUMERATED {n2, n4, n8}

DEFAULT n1,


wus-NumSubgroups-r15





ENUMERATED {n2, n4, n8} 

DEFAULT n1,


wus-MeasRelaxation-r15




ENUMERATED {n2, n4, n8} 

DEFAULT n1,


nwus-Config-r15






NWUS-Config-NB-r15

}

-- ASN1STOP

	

	wus-MeasRelaxation
Number of DRX cycles during which to perform relaxed RRM measurement of the serving cell.

	wus-NumPOs 
Number of consecutive Paging Occasion (PO) mapped to one Wake Up Signal (WUS), see TS 36.304 [4]. Value n2 corresponds to 2 POs, value n4 corresponds to 4 POs and so on. If the field is not present, the UE applies the (default) value of n1.

	wus-NumSubgroups 
Number of UE sub-groups associated to one Paging Occasion (PO), see TS 36.304 [4].

	nwus-Config
Wake Up Signal (WUS) physical layer configuration for the anchor carrier.


Editor’s Note: It is FFS whether to introduce sub-groups.
Editor’s Note: Introduction of RRM measurement relaxation depends on RAN4 confirmation.

Editor’s Note: It is FFS whether the value of N in RRM measurement needs to be signalled explicitly.
For non-anchor carriers, the WUS configuration is signalled by SIB22-NB:
SystemInformationBlockType22-NB information element
-- ASN1START

……
DL-ConfigCommon-NB-r14 ::=


SEQUENCE {


dl-CarrierConfig-r14



DL-CarrierConfigCommon-NB-r14,


pcch-Config-r14  




PCCH-Config-NB-r14


OPTIONAL, -- Need OR


...
}

PCCH-Config-NB-r14 ::=



SEQUENCE {


npdcch-NumRepetitionPaging-r14

ENUMERATED {












r1, r2, r4, r8, r16, r32, r64, r128, 












r256, r512, r1024, r2048, 












spare4, spare3, spare2, spare1} OPTIONAL, -- Need OP


pagingWeight-r14





PagingWeight-NB-r14 
DEFAULT w1,


...,


[[ nwus-Config-r15




NWUS-Config-NB-r15
OPTIONAL
-- Need OR

]]
}

PagingWeight-NB-r14
::= 


ENUMERATED {w1, w2, w3, w4, w5, w6, w7, w8,













w9, w10, w11, w12, w13, w14, w15, w16}

……
	nwus-Config
Wake Up Signal (WUS) physical layer configuration for the non-anchor carrier.


A new type NWUS-Config-NB-r15 needs to be created for the physical layer configuration of WUS:
NWUS-Config-NB information element

-- ASN1START

NWUS-Config-NB-r15::=




SEQUENCE {


nwus-Duration-r15







ENUMERATED {duration1, duration2, duration3,
















duration 4}

nwus-Gap-r15







ENUMERATED {gap1, gap2, gap3, gap4}


nwus-Offset-r15







ENUMERATED {offset1, offset2, offset3, offset4}
}

-- ASN1STOP

	nwus-Duration 
Maximum duration of the Wake Up Signal (WUS), see TS 36.211 [21] and TS 36.213 [23].

	nwus-Gap 
Gap from the end of the maximum Wake Up Signal (WUS) duration to the associated PO, see TS 36.211 [21] and TS 36.213 [23].

	nwus-Offset

Time offset between the start (FFS) of the Wake Up Signal (WUS) and the start of the Paging Occasion (PO), see TS 36.211 [21] and TS 36.213 [23].


Editor’s Note: It is FFS whether time location is per carrier configuration.
Editor’s Note: It is FFS whether the non-zero gap needs to be signalled explicitly and per carrier configuration.
2.1.2 Text proposals of WUS configuration for eMTC
Based on above proposals, we have the following text proposals for eMTC.
In eMTC, all WUS configuration are common and should be specified in IE PCCH-Config in SIB2.
RadioResourceConfigCommon information element

-- ASN1START

RadioResourceConfigCommonSIB ::=
SEQUENCE {


rach-ConfigCommon




RACH-ConfigCommon,


bcch-Config 





BCCH-Config,


pcch-Config 





PCCH-Config,


prach-Config





PRACH-ConfigSIB,


pdsch-ConfigCommon




PDSCH-ConfigCommon,


pusch-ConfigCommon




PUSCH-ConfigCommon,


pucch-ConfigCommon




PUCCH-ConfigCommon,


soundingRS-UL-ConfigCommon


SoundingRS-UL-ConfigCommon,


uplinkPowerControlCommon


UplinkPowerControlCommon,


ul-CyclicPrefixLength



UL-CyclicPrefixLength,


...,


[[
uplinkPowerControlCommon-v1020
UplinkPowerControlCommon-v1020

OPTIONAL
-- Need OR


]],


[[
rach-ConfigCommon-v1250


RACH-ConfigCommon-v1250



OPTIONAL
-- Need OR


]],


[[
pusch-ConfigCommon-v1270

PUSCH-ConfigCommon-v1270


OPTIONAL
-- Need OR


]],


[[
bcch-Config-v1310



BCCH-Config-v1310




OPTIONAL,
-- Need OR



pcch-Config-v1310



PCCH-Config-v1310




OPTIONAL,
-- Need OR



freqHoppingParameters-r13

FreqHoppingParameters-r13


OPTIONAL,
-- Need OR



pdsch-ConfigCommon-v1310

PDSCH-ConfigCommon-v1310


OPTIONAL,
-- Need OR



pusch-ConfigCommon-v1310

PUSCH-ConfigCommon-v1310


OPTIONAL,
-- Need OR



prach-ConfigCommon-v1310

PRACH-ConfigSIB-v1310



OPTIONAL,
-- Need OR



pucch-ConfigCommon-v1310

PUCCH-ConfigCommon-v1310


OPTIONAL
-- Need OR


]],


[[
highSpeedConfig-r14



HighSpeedConfig-r14




OPTIONAL,
-- Need OR



prach-Config-v1430



PRACH-Config-v1430




OPTIONAL,
-- Need OR



pucch-ConfigCommon-v1430

PUCCH-ConfigCommon-v1430


OPTIONAL
-- Need OR


]],


[[
pcch-Config-v15xy 



PCCH-Config-v15xy




OPTIONAL
-- Need OR


]]
}

……

PCCH-Config ::=





SEQUENCE {


defaultPagingCycle




ENUMERATED {












rf32, rf64, rf128, rf256},


nB








ENUMERATED {












fourT, twoT, oneT, halfT, quarterT, oneEighthT,












oneSixteenthT, oneThirtySecondT}

}

PCCH-Config-v1310 ::=



SEQUENCE {


paging-narrowBands-r13



INTEGER (1..maxAvailNarrowBands-r13),


mpdcch-NumRepetition-Paging-r13

ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128, r256},


nB-v1310






ENUMERATED {one64thT, one128thT, one256thT}




















OPTIONAL
-- Need OR

}

PCCH-Config-v15xy ::=


SEQUENCE {


wus-SyncSignal-r15




ENUMERATED {true} 


OPTIONAL,
-- Need OP

wus-NumPOs-r15





ENUMERATED {n2, n4, n8}

DEFAULT n1,


wus-NumSubgroups-r15




ENUMERATED {n2, n4, n8} 

DEFAULT n1,


mwus-Duration-r15




ENUMERATED {duration1, duration2, duration3, duration4}


mwus-Gap-r15





ENUMERATED {gap1, gap2, gap3, gap4}


mwus-Offset-r15





ENUMERATED {offset1, offset2, offset3, offset4}

}

……
	mwus-Duration 
Maximum duration of the Wake Up Signal (WUS), see TS 36.211 [21] and TS 36.213 [23].

	mwus-Gap 
Gap from the end of the maximum Wake Up Signal (WUS) duration to the associated PO, see TS 36.211 [21] and TS 36.213 [23].

	mwus-Offset

Time offset between the start (FFS) of the Wake Up Signal (WUS) and the start of the Paging Occasion (PO), see TS 36.211 [21] and TS 36.213 [23]. 

	wus-SyncSignal
Value TURE indicates the new periodic synchronization signal is enabled, see TS 36.211 [21] and TS 36.213 [23]. 

	wus-NumPos 
Number of consecutive Paging Occasion (PO) mapped to one Wake Up Signal (WUS), see TS 36.304 [4]. Value n2 corresponds to 2 POs, value n4 corresponds to 4 POs and so on. If the field is not present, the UE applies the (default) value of n1.

	wus-NumSubgroups 
Number of UE sub-groups associated to one Paging Occasion (PO), see TS 36.304 [4].


Editor’s Note: It is FFS whether to introduce sub-groups.
Editor’s Note: It is FFS whether the non-zero gap needs to be signalled explicitly.

Editor’s Note: Introduction of the new periodic synchronization signal is working assumption depending on RAN1 confirmation.
2.2 Capability
Support of the wake up signal is a power consumption optimisation and should be optional at the UE.

The UE capability of supporting the WUS needs to be known by the eNB when paging the UE, so the eNB only transmits the WUS for UEs that support the WUS, which is beneficial for the network resource efficiency. Therefore, it is proposed that support of the WUS is optional at the UE with capability signalling and that the capability is included in IE UE-RadioPagingInfo.
Proposal 11: Support of WUS is optional at the UE with capability reporting in IE UE-RadioPagingInfo.
2.3 RRM measurement relaxation
Regarding the following RAN1 working assumption about RRM measurement relaxation of serving cell, if the feasibility is confirmed by RAN4, the interaction with relaxed monitoring introduced in Rel-14 for neighbouring cell and how to define “low mobility” need to be discussed in RAN2.
· For UE operating WUS, UE is allowed to relax RRM measurements, at least for low mobility UEs, to once every N DRX cycles, where N is FFS

· The RRM measurement relaxation is enabled/disabled by the network.

· WUS can still be enabled by the network when the RRM measurement relaxation is disabled.

In the current mechanism of relaxed monitoring for neighbour cell, if the UE is required to perform intra-frequency or inter-frequency neighbour cell measurement according to the measurement rules and the relaxed monitoring criterion is not fulfilled, the UE needs to perform neighbour cell measurement every DRX cycle. In this case, if the RRM measurement of the serving cell is relaxed to every N DRX cycle, compared to the measurement result of neighbour cell, the measurement result of the serving cell is not always the new result. Thus, the performance of cell re-selection may be impacted.

Considering that relaxed monitoring criterion for neighbouring cell is made for low mobility UEs, we think it seems reasonable that the UE only performs RRM measurement relaxation for the serving cell when the relaxed monitoring criterion for neighbouring cell is fulfilled.
Proposal 12: For NB-IoT, if the feasibility of RRM measurement relaxation is confirmed by RAN4, the RRM measurement relaxation for the serving cell is performed only when the relaxed monitoring criterion for neighbouring cell is fulfilled.
3 Conclusion

This paper focus on wake-up signal in both NB-IoT and eMTC. The corresponding proposals are listed below. 
Proposal 13: For NB-IoT, maximum duration, time location and non-zero gap of WUS on anchor carrier and non-anchor carriers are signalled in SIB2-NB and SIB22-NB respectively.

Proposal 14: For eMTC, maximum duration, time location and non-zero gap of WUS are common to all paging narrowbands and signalled in SIB2.

Proposal 15: For both NB-IoT and eMTC, the use of WUS in a cell is enabled/disabled by signalling or not the WUS configuration in system information.

Proposal 16: For both NB-IoT and eMTC, the number of POs per WUS is cell specific configuration and signalled in SIB2-NB/SIB2 with the value range {1, 2, 4, 8}.

Proposal 17: If UE sub-groups for WUS is agreed in RAN1, the sub-groups are defined using the UE_ID.

Proposal 18: If UE sub-groups for WUS is agreed in RAN1, the number of sub-groups is a cell specific parameter configured in SIB2-NB in NB-IoT, and in SIB2 in eMTC.

Proposal 19: For NB-IoT, if the feasibility of RRM measurement relaxation is confirmed by RAN4 and the value of N is agreed to be configurable by RAN1, the value of N is a cell specific parameter configured in SIB2-NB.

Proposal 20: For NB-IoT, if the feasibility of RRM measurement relaxation is confirmed by RAN4, the use of RRM measurement relaxation is enabled/disabled implicitly by the configuration of N or explicitly by SIB2-NB, depending on whether N is configurable.

Proposal 21: For eMTC, if the introduction of the new periodic synchronization signal is confirmed by RAN1, the use of it is enabled/disabled by SIB2.

Proposal 22: RAN2 to consider introducing an eDRX cycle threshold for monitoring of the WUS.

Proposal 23: Support of WUS is optional at the UE with capability reporting in IE UE-RadioPagingInfo.

Proposal 24: For NB-IoT, if the feasibility of RRM measurement relaxation is confirmed by RAN4, the RRM measurement relaxation for the serving cell is performed only when the relaxed monitoring criterion for neighbouring cell is fulfilled.

References

[1] RP-172063, “Further NB-IoT enhancements”, Huawei, HiSilicon, RAN#77, Saporo, Japan, September 11th-14th, 2017
[2] RP-171427, “Even further enhanced MTC for LTE”, Ericsson, Qualcomm, RAN#76, West Palm Beach, USA, June 5th-8th, 2017
[3] R1-1801301, “Report of RAN1#91 meeting”, ETSI, RAN1#91, Reno, USA, November 27th – December 1st 2017
[4] R1-180xxxx, “Draft Report of 3GPP TSG RAN WG1 #92 v0.2.0”, RAN1#92, Athens, Greece, 26th February - 2nd March 2018
[5] R2-1714115, “Report from Break-Out Session”, Vice-Chair (MediaTek), RAN2#100, Reno, USA, November 27th – December 1st 2017
[6] R2-1803734, “Report NB-IoT and MTC breakout session”, Vice Chairman (Mediatek), RAN2#101, Athens, Greece, 26th February - 2nd March 2018

11/11


