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	· 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]
· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]



Background
RAN1 have made agreements as follows on Wake-up signal functions:
	Agreements in RAN1#92bis
At least WUS/DTX is supported at least for paging for RRC_IDLE UEs

Agreements in RAN1#92:
Send LS Xiaolei- (HiSilicon) to RAN4 (CC: RAN2) on the feasibility of RRM measurement relaxation in the part on NB-IoT WUS.
If RAN4 confirms the feasibility of RRM measurement relaxation in the part on NB-IoT WUS, the working assumption is automatically confirmed.

R1-1803130	[draft] LS on wake-up signal	HiSilicon
The revisions in the above agreement and the following WA are to be reflected. Agreed in the final LS (R1-1803150)

Working assumption
	on NB-IoT WUS:
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

on eMTC WUS/sync:
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.




Agreements in RAN1#90bis
· Working assumption: WUS/DTX is adopted for the power saving  signal for IDLE mode paging;
· The UE is configured with a transmission duration of WUS by higher layers
· The WUS signal may be decoded with or without relying on prior synchronization
· Whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS is FFS
· The power saving of using existing synchronization signal to achieve sync and using WUS for synchronization should be compared.
· For RAN#78 timeline, RAN4 can assume the UE is synchronized prior to the WUS
· After RAN#78, RAN1 and RAN4 will conduct additional work to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 144 dB MCL; and will study to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 154, 164 dB MCL
· Status of work on ‘Relaxed monitoring for cell reselection’ in RAN2/4 should be considered

Agreements in RAN1#90
· Working assumption:
· For idle mode,
· In specifying a power saving physical signal to indicate whether the UE needs to decode subsequent physical channel(s) for idle mode paging, select a candidate among the following power saving physical signals:
· Wake-up signal or DTX
· Wake-up signal with no DTX
· FFS:
· Information conveyed by the physical signal
· Design of the physical signal
· Resources which can be used for the physical signal, considering scheduling flexibility, overhead, etc.



Summary of discussion points

Design related with RRM measurement
Confirm the working assumption in RAN1#92
In RAN1#92, it was agreed as following that if RAN4 confirms the feasibility of RRM measurement relaxation in the part on NB-IoT WUS, the working assumption in RAN1#92 is automatically confirmed. Considering RAN4 has replied the LS and confirms the feasibility of RRM measurement relaxation in the part on NB-IoT WUS, the working assumption in RAN1#92bis is automatically confirmed.
Agreements in RAN1#92:
Send LS Xiaolei- (HiSilicon) to RAN4 (CC: RAN2) on the feasibility of RRM measurement relaxation in the part on NB-IoT WUS.
If RAN4 confirms the feasibility of RRM measurement relaxation in the part on NB-IoT WUS, the working assumption is automatically confirmed.

· So we can add the note  in the chairman notes:
NOTE: Therefore the working assumption in RAN1#92 has been automatically confirmed.
Value of N for N DRX cycles when RRM measurement is relaxed
Company positions
	Source
	Related proposals

	Huawei, HiSilicon
	N/A

	MediaTek Inc.
	Proposal 3: WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for 10.24s – i.e. N=4 * Release 8 DRX or N=1 * Release 13 DRX.

	Ericsson
	Proposal 1: The value of N, i.e. number of DRX cycles for relaxing the RRM measurements, should not cause any latency larger than the maximum possible DRX value, and therefore it should depend on the DRX cycle value such that N*DRX <= DRXmax.

	ZTE, SaneChips
	N/A

	Intel Corporation
	Proposal 1: For relaxed serving cell measurements, where UE performs cell measurements every N DRX cycles, consider N to be no greater than 4 if DRX cycle length is 2.56 seconds.

	Qualcomm Incorporated
	Proposal 2: Support WUS with synchronization of up the timing/frequency offset resulting from not synchronizing due to the RRM measurement relaxation of M DRX cycles≤10.24s.

	Nokia, Nokia Shanghai Bell
	Proposal 1: The value of N for relaxed RRM measurements is UE-specific and configured by the higher layer depending on DRX/eDRX parameters and UE mobility.
Proposal 2: The wake-up procedure with and without measurement relaxation allows the UE to perform the required RRM measurements.



Follow the majority view, it is recommended to agree the following proposals:
Potential proposal #1:  Support WUS with synchronization of up the timing/frequency offset resulting from not synchronizing due to the RRM measurement relaxation of N DRX cycles, where N is configured from the list of {1, 2, 4, 8} with the condition that N DRX cycles <= 10.24s.

Consideration for eDRX case
Company positions
	Source
	Related proposals

	Huawei, HiSilicon
	N/A

	MediaTek Inc.
	N/A

	Ericsson
	Proposal 2: When eDRX is configured, the UE measurement behavior inside the PTW should be the same as the UE is in DRX, and the choice of N should enable UE to do at least one measurement for small PTWs.

	ZTE, SaneChips
	N/A

	Intel Corporation
	Proposal 2: For eDRX cycles, relaxed RRM measurements for serving cell cannot be used due to impact on mobility and associated paging delays. In addition, the WUS/DTX option is limited to the DRX use case for WUS-capable UEs.

	Qualcomm Incorporated
	N/A

	Nokia, Nokia Shanghai Bell
	Proposal 1: For a UE in eDRX, the WUS provides synchronization of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles during the PTW.

	OPPO
	N/A



No majority view. Needs further discussion here.

Signal type besides WUS/DTX
Company positions
	Source
	View summary
	Related proposals

	Huawei, HiSilicon
	WUS/GTS is not supported in Rel-15
	Proposal 2: WUS/GTS is not supported in Rel-15.

	MediaTek Inc.
	N/A
	

	Ericsson
	N/A
	

	ZTE, SaneChips
	Cell specific WUS/GTS + PO specific WUS/DTX
	[image: ]
Figure 1 Joint cell specific WUS and PO specific WUS

Proposal 1: Cell specific WUS can be configured for synchronization purpose and SI update information. 
Proposal 2: Joint cell specific WUS and PO specific WUS can be configured to achieve better power saving and avoid unnecessary delay of paging information.

Proposal 3: The duration of synchronization function that WUS signal can provide, which is in unit of DRX cycle, is not required to be configured.

	Intel Corporation
	N/A
	

	Qualcomm Incorporated
	N/A
	

	Nokia, Nokia Shanghai Bell
	N/A
	



Based on the discussion in last several meetings, it is recommended to agree only WUS/DTX is supported in Rel-15.
Potential proposal #2:  WUS/GTS is not supported in Rel-15.

Power saving signal for connected mode
Company positions
	Source
	View summary
	Related proposals

	Huawei, HiSilicon
	Power saving signal in connected mode is not supported in Rel-15
	Proposal 3: Power saving signal in connected mode is not supported in Rel-15.

	MediaTek Inc.
	N/A
	

	Ericsson
	Power saving signal in connected mode is not supported in Rel-15
	Proposal 3: Due to the significant overhead and unclear benefits, WUS should not be introduced for connected mode DRX in Rel-15.

	ZTE, SaneChips
	Power saving signal in connected mode is not supported in Rel-15
	Proposal 4: WUS is not used for RRC connected mode.
Proposal 5: The power consumption reduction solution in RRC connected mode can be discussed in the future release.

	Intel Corporation
	deprioritizing discussion on power saving signal for C-DRX
	Proposal 3:  Due to the timelines for Rel-15 WI, we recommend deprioritizing discussion on power saving signal for C-DRX in this release.

	Qualcomm Incorporated
	N/A
	

	Nokia, Nokia Shanghai Bell
	N/A
	

	vivo
	Power saving signal in connected mode is not supported in Rel-15
	Proposal 9: Study power saving signal for connected mode DRX in R16.

	OPPO
	Power saving signal in connected mode is not supported in Rel-15
	Proposal 6:In Rel-15, WUS design is only for ilde mode paging. WUS for C-DRX can be considered in later 3GPP releases if necessary



To follow the majority view, it is recommended to agree the following proposal:
Potential proposal #3:  Power saving signal in connected mode is not supported in Rel-15.
Others
In R1-1807107, it is proposed to assume NRS is always transmitted on non-anchor carrier regardless whether paging is sent on the PO in order to enable the quality measurement for early termination of decoding of NPDCCH.
Proposal 3: eNB should send NRS in paging occasions on a non-anchor carrier regardless of whether a paging is present or not to enable the quality measurement for early termination. 

Summary of input contribution
R1-1805854	Wake-up signal functions for NB-IoT	Ericsson
R1-1805983	On functions of power saving signal	Huawei, HiSilicon
R1-1805995	Wake Up Signal Functionsfor NB-IoT	MediaTek Inc.
R1-1806158	Functions of wake-up signal	Nokia, Nokia Shanghai Bell
R1-1806191	Discussion on wake up signal function for NB-IoT	ZTE
R1-1806491	The function scope of wake-up signal for feNB-IoT	Intel Corporation
R1-1807107	Further discusion of Wake-up signal functions	Qualcomm Incorporated
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