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1 WID objective

	· 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]




2 Background
RAN1 have made agreements as follows on Wake-up signal functions:

	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.




3 Summary of discussion points
3.1 Wake-up signal with or without synchronization function

It is FFS on whether WUS signal should provide the functionality of synchronization for power saving gains especially in 144dB coverage. It is also discussed that the WUS can provide synchronization function under certain scenarios, e.g. DRX or eDRX case, and under 144dB and 154 dB coverage. It can be found that majority view is supporting synchronization function by using WUS or WUS + additional new signal.
	Source
	View summary
	Related proposals

	Huawei, HiSilicon
	Support WUS with synchronization function in 144dB and 154dB case;
	Proposal 1:  The following are used as metrics for choosing WUS design to ensure attractive power saving gain, balanced with resource usage, in all coverage levels:

· The synchronization performance in 144 dB and 154 dB;

· The duration of WUS to achieve target missed detection rate and false alarm rate assuming prior synchronization in 164 dB coverage.

	Ericsson
	Synchronization function should not be the focus on WUS design.
	Proposal 4: Unless shown to be advantageous to using existing NPSS/NSS, WUS should be designed to consume a minimum amount of network resources.
Proposal 5: Synchronization function should not be the focus on WUS design as it is a waste of resource to include synch function in WUS.

	ZTE, SaneChips
	Support WUS with synchronization function;

The Cell specific WUS with synchronization function can be configured periodically
	Proposal 1: Joint  cell specific WUS and PO specific WUS  can be configured to achieve better power saving.

· Cell specific WUS with synchronization function can be configured periodically, inside each period, WUS or DTX can be configured PO specifically.

	MediaTek Inc.
	WUS without synchronization function for long eDRX. It is up to UE implementation to use WUS for  synchronization with short DRX. 
Pre-synchronization using legacy NPSS and NSSS is assumed to confirm device is in same cell.
	Observation 1: WUS resource overhead can be expected to be increased by an order of magnitude if WUS is used for cell search and synchronization without pre-synchronization using legacy NPSS and NSSS.
Observation 2: The reduction in power consumption reduction is not likely to be significant without pre-synchronization using legacy NPSS and NSSS before WUS detection.

Observation 3: Assuming the WUS design is linked to the cell ID, it is up to UE how it uses the NSSS, NRS, and WUS for cell ID confirmation. 
Proposal 1: Pre-synchronization using legacy NPSS and NSSS is assumed to confirm device is in same cell and allow rough estimation and correction of timing and frequency offset for WUS detection.   

	LG Electronics
	N/A
	

	Nokia, Nokia Shanghai Bell
	Support WUS with synchronization function or the WUS relies on a new synchronization signal
	Proposal 1: The WUS relies on a new synchronization signal or provides the synchronization function itself.


	Qualcomm Incorporated
	Consider WUS with synchronization function for DRX case.
	Observation 1: WUS with or without using existing sync signals is depending on the UE receiver architecture.

Observation 2: The gap between the end of WUS duration and associated PO should satisfy required UE processing time for DRX/eDRX scenarios.

Proposal 2: For DRX, the WUS with synchronization function could be considered without increasing too much WUS overhead. 

Proposal 3: For eDRX, the WUS still relies on NPSS/NSSS for acquisition but could carry SFN information to avoid NPBCH detection. 

	Intel Corporation
	Support WUS with synchronization function, but only consider WUS/GTS for 144/154dB coverage.
	Proposal 1: 

· Given the poor performance of WUS/DTX with prior synchronization for UEs in normal coverage and the poor power savings when taking into account the impact of cell measurements on WUS/DTX without prior synchronization, it is strongly recommended RAN1 to reconsider using the WUS/DTX option as a power saving signal for NB-IoT devices; instead, consider to use WUS without DTX with WUS functionality limited to UEs in 144 dB or 154 dB coverage alone.
Proposal 2: 

· Due to the battery lifetime challenges presented by using WUS or paging functionality for UEs in extreme coverage of 164dB MCL as well as the high overhead of supporting this functionality, WUS should not be enabled for UEs in coverage of 164 dB MCL. 

Proposal 3: 

· Recommend adopting a WUS without DTX which also offers synchronization functionality for UEs in 144dB/154dB MCL target.


Potential proposal
There is a clear direction that the WUS includes a synchronization function in some way, in at least some cases.

Potential proposal# 1
· Wake-up signal can provide the synchronization function under following scenarios to ensure attractive power saving gain and balance the resource usage:
· 144 dB and 154 dB coverage;
· WUS can be used for 164dB coverage without using for synchronization;

· The above applies for DRX case

· FFS: for eDRX case;
Potential proposal# 2
· The following are used as metrics for choosing WUS signal design:

· The synchronization performance in 144 dB and 154 dB in scenario A;
· FFS: scenario B is also used for evaluation;
· The duration of WUS to achieve target missed detection rate and false alarm rate assuming prior synchronization in 164 dB coverage.

3.2 Cell confirmation and RRM measurement
It is also discussed in contributions regarding the cell confirmation and RRM measurement when WUS is used for synchronization. The views from companies regarding cell confirmation and RRM measurement are summarized as following.
	Source
	related proposals

	Huawei, HiSilicon
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Figure 3 Longer cycle for cell confirmation and RRM measurement

Observation 3: When WUS/GTS is adopted and used for synchronization, low to high mobility case can be supported where cell confirmation can be based on WUS/GTS and RRM measurement can be based on NRS.

Observation 4: When WUS/DTX is adopted and used for synchronization, WUS/DTX can support low to medium mobility case where the cell confirmation and RRM measurement is based on NPSS/NSSS with a longer cycle compared with DRX cycle.

	Ericsson
	Observation 5: Due to idle mode mobility requirement, the UE needs to maintain synchronization to the network during DRX to perform the NRSRP and NRSRQ measurement.  Therefore, there is no additional benefit for the WUS to provide synchronization function.
Observation 9: As NSSS can be used in additional to NRS for measurement, there is no benefit to design the WUS to have a similar functionality.

	MediaTek Inc.
	Proposal 1: Pre-synchronization using legacy NPSS and NSSS is assumed to confirm device is in same cell and allow rough estimation and correction of timing and frequency offset for WUS detection.   

Observation 4: Assuming paging rate of 10%, the impact of the WUS design linked to the cell ID can be marginal with UE needing to use legacy NPSS, NSSS, and NRS for cell ID confirmation 90% of the time.

	Qualcomm Incorporated
	Proposal 4: Relaxing the serving cell RRM measurement period should be considered to achieve power saving gain from WUS. 

	Intel Corporation
	Observation 5:

· Relaxing the serving cell reference signal monitoring requirements for a pre-defined number of DRX cycles can have impact on mobility performance and other unintended impacts at the higher layers and should be further investigated by RAN2

Observation 8: 

· For UEs in coverage of 144dB/154dB MCL, enabling WUS without DTX does not consume large system overhead and does not impact mobility if the WUS is used as a reference signal for measurement purposes to detect mobility.




Potential proposals
For cell confirmation(no majority view
· If WUS/DTX is adopted:
· Alt.1: 

· Cell confirmation is based on NPSS/NSSS/NRS with a longer cycle compared with DRX cycle for low to medium mobility case;

· Cell confirmation is based on NPSS/NSSS/NRS on every DRX cycle for high mobility case;

· Alt.2: 
· Cell confirmation is based on NPSS/NSSS/NRS on every DRX cycle for all mobility;

· If WUS/GTS is adopted in addition to WUS/DTX:

· Cell confirmation can be based on WUS/GTS for all mobility;
For RRM measurement(no majority view
· Consider relaxing the serving cell RRM measurement period to achieve power saving gain from WUS
3.3 WUS/DTX or WUS without DTX

It was agreed as working assumption that WUS/DTX is adopted for WUS.
· Working assumption: WUS/DTX is adopted for the power saving  signal for IDLE mode paging;

The following table summarizes the views from companies on this topic.
	Source
	View summary
	Related proposals

	Huawei, HiSilicon
	Confirm WA to adopt WUS/DTX;

Further discuss whether WUS/GTS is adopted for public bicycle case;
	Proposal 2: Confirm the working assumption to adopt WUS/DTX as a power saving signal.

Proposal 3: Further discuss if high mobility cases, such as public bicycles, should also be supported, and whether to additionally introduce WUS/GTS if so.



	Ericsson
	Confirm WA to adopt WUS/DTX;
	Proposal 1: Confirm the working assumption that “WUS/DTX is adopted for the power saving signal for IDLE mode paging”.

	Intel Corporation
	Reconsider WUS/GTS
	Proposal 1: Given the poor performance of WUS/DTX with prior synchronization for UEs in normal coverage and the poor power savings when taking into account the impact of cell measurements on WUS/DTX without prior synchronization, it is strongly recommended RAN1 to reconsider using the WUS/DTX option as a power saving signal for NB-IoT devices; instead, consider to use WUS without DTX with WUS functionality limited to UEs in 144 dB or 154 dB coverage alone.

	Nokia
	Confirm WA to adopt WUS/DTX;
	Proposal 1: Support the working assumption to adopt WUS/DTX for the power saving signal for idle-mode paging.


Potential proposals
Potential proposal# 3
· Confirm the working assumption to adopt WUS/DTX as a power saving signal

· RAN1 to discuss whether to also introduce WUS/GTS for scenarios where additional power saving may be possible compared to WUS/DTX.
3.4 Power saving for connected mode

	Source 
	Summary of views
	Related proposals

	ZTE
	Further discuss power saving in connected mode
	Proposal 2: It is necessary to introduce solutions for RRC connected mode. 
Proposal 3: WUS shall not be used for RRC connected mode.
Proposal 4: For UE power consumption in RRC connected mode DRX, dynamic adjusted NPDCCH period can be considered. 1 bit indication in the DCI can be used.

	Ericsson
	Not support WUS in Rel-15
	Proposal 6: Due to the significant overhead and unclear benefits, WUS should not be introduced for connected mode DRX in Rel-15.


	Qualcomm
	Support power saving signaling for C-DRX
	Support power saving signalling for C-DRX.

	Oppo
	Support power saving signaling for C-DRX
	Proposal 8: Support power saving signal for connected mode DRX. 

· FFS: Related details including signal or channel.

· FFS: Whether power saving signal is configurable according to traffic density or not.



	LG
	Support power saving signaling for C-DRX, e.g. power saving DCI
	Proposal 2: In case of connected mode DRX, the power saving DCI which shares same search space and same Format size with target DCI is used for power consumption efficiency

· The power saving DCI enables/disables monitoring of USS configured to a UE.
· The power saving DCI can be distinguished from paging DCI by applying different RNTI value.

	Intel
	De-prioritize C-DRX case.
	Since WUS in C-DRX requires a UE-specific solution, there may be significant overhead involved and due to insufficient time to discuss this for Rel-15, we prefer WUS for C-DRX be de-prioritized.


Potential proposals

Potential proposal# 4
· Working assumption to introduce power saving signaling for C-DRX with minimal extra specification impact compared to idle mode.
Appendix A: Summary of input contributions for Wake-up signal functions
	TDoc #
	Title
	Source

	R1-1801433
	On functions of power saving signal
	Huawei, HiSilicon

	R1-1801488
	Wake-up signal functions for NB-IoT
	Ericsson

	R1-1801617
	Wake up signal function for NB-IoT
	ZTE, SaneChips

	R1-1801682
	Wake Up Signal Functions for NB-IoT
	MediaTek Inc.

	R1-1802165
	Discussion on wake up signal function in NB-IoT
	LG Electronics

	R1-1802262
	Functions of wake-up signal
	Nokia, Nokia Shanghai Bell

	R1-1802331
	Wake-up signal functions
	Qualcomm Incorporated

	R1-1802376
	The function scope of wake-up signal for feNB-IoT
	Intel Corporation


