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Introduction
This is to summarize the remaining issues for the 6.2.6.3 providing questions and proposals for agreement on the remaining details on power saving signals based on the views expressed by companies in the contributions listed in the appendix. 

Power saving signal design
Agreement in RAN1#90bis:
	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:
i. ‘Wake-up signal or DTX’ with new periodic sync signal
ii. ‘Wake-up signal or DTX’ without new periodic sync signal
· Study till the next meeting how to ensure sufficient sync performance.
i. Consider potential synergies with the WI objective on Reduced system acquisition time.
· Consider impacts from mobility.



Agreement in RAN1#91:
	Agreement
At least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle

Working assumption
· 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)
Agreement
· 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
· Further study the benefits of potential diversity methods in WUS design
· Further study the benefits of potential inter-cell interference randomization methods in WUS design

Agreement
Send LS (R1-1721278) capturing WUS features to RAN2 – Magnus (Ericsson) – Final LS is agreed in R1-1721282




Agreement in RAN1#92:
	[bookmark: _Hlk507635903]6.2.6.1.1.1 Wake-up signal functions
Agreement:
· Send LS Xiaolei- (HiSilicon) to RAN4 (CC: RAN2) on the feasibility of RRM measurement relaxation in the “Proposal on NB-IoT WUS”.
· If RAN4 confirms the feasibility of RRM measurement relaxation in the “Proposal on NB-IoT WUS”, the working assumption is automatically confirmed.

Working assumption
	Proposal 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

Proposal 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.




[bookmark: _Toc510867589]6.2.5.3 Downlink channel power efficiency

[bookmark: _Hlk511667628]Agreements:
· UE can assume all the REs for transmission of WUS in a given subframe use the same antenna port.
· The UE shall not assume the transmission of WUS in more than X consecutive subframes use same antenna port.
· FFS: value of X

Agreement
· 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)

Agreement
· The network can enable or disable use of the WUS 
· How UE acquires information on WUS enabling/disabling is up to RAN2 decision

Agreement
· 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
· [bookmark: _Hlk511666416]WUS actual transmission duration can be shorter than the configured maximum duration of WUS.

Agreement
· 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

Working assumption
· 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

Agreement
· 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.




Agreement in RAN1#92bis:
	6.2.5.3 Downlink channel power efficiency
Agreement
At least WUS/DTX is supported at least for paging for RRC_IDLE UEs

Agreement 
Confirm Working assumption 
· 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.

Agreement
· [2] bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS

Agreement
· WUS can be time-varying from subframe to subframe.
· WUS signal is designed based on the following information
· [Full] Cell ID information
· UE group ID (if introduced)
· time information of the starting subframe of the WUS or PO (Paging Occasion)
· FFS: (part of) the SFN information


Agreement
· WUS subframe is postponed 
· when colliding with SIB1-BR PRBs
· in non-BL/CE subframes.
· FFS: when colliding with the PRBs that carry SIs other than SIB1.
· Note: “Postpone” means the corresponding subframes are not counted as configured maximum WUS transmission duration and actual WUS transmission duration.
· Note: This does not imply that the minimum gap between the end of actual WUS duration and the first associated PO is reduced

Agreement
· The gap between the end of configured maximum WUS duration and the first associated PO is equal or larger than the minimum value, which is implicitly or explicitly configured and is an absolute number of subframes
· Note: UE can assume CRS between the end of configured maximum WUS duration and the first associated PO
· Note: The gap should be large enough to warm up tracking loops.
FFS: whether to define UE capability for wake-up time



WUS functionality

Open issue #1 RRM measurement relaxation
· Whether RRM measurement relaxation is supported for MTC UEs operating WUS, at least for low-mobility UEs, to once every M DRX cycles, where M is FFS  No objection 
· Yes: Qualcomm, Ericsson, Sierra Wireless
· If RRM measurement relaxation is supported, whether WUS/DTX provides sync of up to the timing/frequency offset resulting from not synchronizing for M DRX cycles  Slight majority on Yes 
· Yes (3): Qualcomm, Ericsson, Sierra Wireless
· No (1): Intel (but let WUS rely on RSS for sync)

Possible proposal#1: Send LS to RAN4 to evaluate the benefits
· For UE operating WUS, UE is allowed to relax RRM measurements, at least for low mobility UEs, to once every M DRX cycles, where M is FFS.
· WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for M DRX cycles

Concern:
· Intel: how to define low-mobility UEs
· Ericsson: limited time in Rel15 if RAN1 sends an LS to RAN4 in this meeting
need more discussion
WUS/DTX configuration 

Open issue #2 max WUS duration
· [2]bits of scaling factor  Majority views on how to select in the range of  
· QC: 3bits with at least  are needed considering power/tx diversity/sync
· ZTE: {}
· Ericsson: {}
· Sierra Wireless, Samsung, Ericsson, Sony, ZTE, Nokia: {}
· Samsung: 
Offline agreement:
· 2-bit scaling factor is selected in the range of .

Open issue #3 actual WUS duration 
· Not indicate actual WUS duration but define candidate values for actual WUS duration for UE blind detection (11)  No objection 
· QC (power of 2 in {1ms, 64ms}), Samsung, Nokia, NSB, Vivo, OPPO (max 4 values), ZTE ([1, 1/2, 1/4, 1/8]), Ericsson (a power of 2 between 1 and WUSmax). LGE, Sony (max 3 values), Intel (same as the scaling factor for max WUS duration)
· HW: indicate the scaling factor for min WUS duration 
Offline agreement:
· Define candidate values for actual WUS duration for UE blind detection

Possible proposal#3:
· The UE is not required to monitor the actual WUS duration (W) other than a power of 2 values from 1ms up to max WUS duration.
· FFS W=ceiling (scaling factor*R), where R is the repetition number of the associated MPDCCH.

Open issue #4 Gap from the end of the configured maximum WUS duration to the associated PO
· The min gap should be configured based on UE capability  Majority view on Yes
· Yes: Huawei, HiSi, Vivo, OPPO, Nokia, NSB, Sierra Wireless, Intel, Qualcomm, Ericsson 
· FFS: LGE (MME impact)
· Candidate values for min gap 
· For DRX
· Ericsson: 20ms (configuration must be based on eNB and UE capabilities and not based on individual UE configuration)
· Qualcomm: 40ms
· Sierra Wireless: {20ms~}
· Sony: >=20ms
· Nokia, NSB: >=10ms (including some valid subframes)
· Intel: {40ms, 2s} assuming separate WUS receiver-capable UE may trigger main receiver.
· For eDRX: longer gap may be required based on the required UE processing time
· Ericsson: {40ms, [1]s}
· Qualcomm: {40ms, 2s}
· Sierra Wireless: {~200ms}
· Intel: {40ms, 2s}
Possible proposal#4:
· For DRX, the configured gap between the end of max WUS duration and the associated PO is no less than [a].
· a= 20ms or 40ms
· FFS introduce a new value for forward compatibility 

· For eDRX, the configured gap is no less than a value, which is based on the UE reported wake-up time {[40ms], [200ms, 1s or 2s]}.
· FFS explicit or implicit indication 
· Note: the gap configuration must be based on eNB and UE capabilities.


· The gap between the end of configured maximum WUS duration and the first associated PO is no less than [a] (a=20ms or 40ms)

Open issue #5 Indicate time offset relative to start or end of max WUS duration No clear majority view yet
Open issue #6 WUS is [dropped/postponed] in subframes that carry SIs other than SIB1  Slight majority on Alt1
· Alt1 Drop (7): QC, Ericsson, LGE, Nokia, NSB, Sony (even drop WUS when SIB1), Intel
· Alt2 Postpone (3): Vivo, Sierra Wireless, Samsung

Offline agreement:
· Higher-layer configured ce-wus-timeOffset-config is the non-zero gap from the end of the configured maximum WUS duration to the associated PO, as a number of absolute subframes.
· FFS ce-wus-timeOffset-config could be different for DRX and eDRX.
· WUS is dropped in subframes that carry SIB1-BR and other SIs.
· [bookmark: _GoBack]Note: this reverses the previous agreement of “WUS subframe is postponed when colliding with SIB1-BR PRBs”.

Open issue #7 WUS is punctured in CRS REs.  No objection
· Yes (6): Ericsson, Huawei, HiSi, Sierra Wireless, Qualcomm, Intel
Offline agreement:
· WUS is punctured in CRS REs.


Open Issue #8: whether sub-grouping for UEs monitoring a PO is enabled for WUS or not Majority on Yes
· Yes (11): Qualcomm (max 4), Huawei, HiSi (1/2/4/8 groups), Nokia, NSB (based on repetition level), OPPO, LGE, Vivo (max 4 as WA, but CDM-based), Sierra Wireless, Ericsson (?), Intel (up to 4, dependent on traffic conditions, etc.)
· No (2): Samsung, ZTE

Note: RAN2 LS to RAN1: R1-1801306 (R2-1714008) on wake-up signal for NB-IoT and eMTC, 
· From RAN2 perspective, it is feasible to configure the WUS to be applied to a group of UEs associated to one PO. It should be noted that some companies have raised concerns about the benefit and added complexity.

Possible proposal#8: 
· eNB configures the WUS to be applied to all the UEs or a sub-group of UEs associated to the PO.
· FFS how to define UE group ID
· [bookmark: _Hlk514620225]FFS how to carry UE group ID in the sequence design

Open issue #9 How to configure 1-to-N mapping between WUS and POs for eDRX  No clear majority view yet
1. Alt 1 eNB could configure UE to detect at least one PO or last PO before PTW: Qualcomm, Intel
1. Alt2 eNB transmits the WUS before the last PO in the PTW (1): Nokia, NSB


Open issue #10 Configure a fallback behavior to directly monitor PO with no WUS detection even if WUS is enabled  No clear majority view yet
· Yes (4): LGE, Sony, ZTE, Qualcomm

Open issue #11 Collision of WUS and legacy PO  No clear majority view yet
· Intel: To ensure that the WUS does not collide with the legacy PO, the WUS can be configured such that the WUS is configured to appear in subframes other than those configured for PO. An additional WUS offset parameter may be introduced to ensure this.

WUS sequence for efeMTC 

Open issue #11 WUS at least convey Full cell ID  Majority on Full cell ID
· Yes (9): Ericsson, HW, HiSi, Sony, QC, Sierra Wireless, LGE, OPPO, Samsung
· No (1): Intel

Possible proposal#9: Delete the brackets of [Full] cell ID in the following agreement
· WUS signal is designed based on the following information
· [Full] Cell ID information
· UE group ID (if introduced)
· time information of the starting subframe of the WUS or PO (Paging Occasion)
· FFS: (part of) the SFN information

Open issue #12 WUS is in the same narrowband as the associated PO  No objection
· Yes (8): Huawei, HiSi, Ericsson, QC, Sierra Wireless, ZTE, Nokia, NSB

Possible proposal#10: WUS is in the same narrowband as the associated PO


Open issue #13 WUS sequence design Slight majority view on Alt1
· Alt1: Similar as NB-IoT WUS with (1 or 2)-PRB and 1 subframe duration (6)
· Huawei, HiSilicon, ZTE, OPPO, Qualcomm (2PRB), Sierra Wireless (8 or 16 subframe RE-level cover/scrambling)
· Alt2: Similar as RSS with 2-PRB and 1subframe (2)
· Ericsson, Sony
· Alt3: Similar as DMRS or PN seq with 6-PRB and 1-symbol (1)
· LGE
· Alt4: Gold with 6-PRB and 1-symbol (1)
· Samsung (63-lentgh)
· Alt5: M-seq with 6-PRB and 4-symbol (1)
· Intel (255-length, 4 symbolsx6RBs)

Possible proposal#11: Design MTC WUS similar as NB-IoT WUS with [1 or 2]-PRB.

WUS transmission for efeMTC 
· Indicate power offset No majority view yet
· Yes (2): Qualcomm, Sierra Wireless
· No: Ericsson 

· Indicate tx diversity on/off  Slight majority view on Yes
· Yes (4): Qualcomm, Sierra Wireless, Ericsson (implicit configuration based on existing #ant ports), Intel
· No (1): Samsung
· If tx diversity is configured, candidate X for transmission diversity for WUS  Slight majority view on X=1 and/or 2
· X=1: Huawei, HiSi
· X=2: Sierra Wireless
· X=1 and 2:
i. Ericsson: [01100110…]
ii. Qualcomm: [0100110011…]
· Support hopping for WUS  No clear majority view yet
· Yes (2): ZTE, Sony
· No (1): Samsung

[bookmark: _Hlk511667726]Possible proposal#12:
· Indicate power offset relative to CRS the per cell.
· Transmit diversity on/off is configured per cell.
· FFS explicit or implicit indication
· In case of tx diversity, UE can assume the transmission of WUS in consecutive X subframe(s) use the same antenna port but shall not assume the transmission of WUS in more than X consecutive subframe(s) use same antenna port.
· X={1 and/or 2}


Appendix: Contributions used as basis for the summary
Companies’ views were taken from contributions in AI 6.2.6.3.
	R1-1805851
	Wake-up signal for MTC
	Ericsson

	R1-1805979
	On wake-up signal for eFeMTC
	Huawei, HiSilicon

	R1-1806001
	WUS Design Considerations
	Sierra Wireless, S.A.

	R1-1806031
	Remaining aspects on wake-up signals for efeMTC
	vivo

	R1-1806174
	Wake-up signal for efeMTC
	Nokia, Nokia Shanghai Bell

	R1-1806187
	Discussion on wake-up signal for MTC
	ZTE

	R1-1806489
	Power saving signal for efeMTC
	Intel Corporation

	R1-1806560
	Remaining issues in WUS for efeMTC
	Sony

	R1-1806587
	Discussion on wake up signal in MTC
	LG Electronics

	R1-1806684
	DL power consumption reduction for eMTC
	Samsung

	R1-1806871
	On wake-up precedure for efeMTC
	OPPO

	R1-1807104
	Remaining issues on wake-up signals for MTC
	Qualcomm Incorporated






