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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 configurations and procedures:
	Agreements in 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.

· 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

· 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.


Agreements in 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

· 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

Agreements in RAN1#90bis: 
· RAN1 assumes that introduction of WUS does not alter PO/PF definition
· At least in a UE’s DRX cycle:
· WUS supports at least being applied to all the UEs monitoring WUS associated to a PO in a cell NB-IoT carrier;
· FFS: eNB can configure WUS being applied to a group of more than one of the UEs associated to a PO in a cell NB-IoT carrier
· Send LS to request RAN2 input on feasibility of UE groups for WUS. (Xiaolei, HiSilicon, prepare draft LS in R1-1719102, which is endorsed and approved in R1-1719207)

· 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)

· At least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle 
· Include in the LS to RAN2, to request input on the feasibility of WUS applying to more than one PO in a PTW for eDRX case 

Agreements in RAN1#90
· For idle mode,
· The power saving signal in a cell supports being applied to FFS between:
· All the UEs associated to a PO in the cell
· A group of more than one of the UEs associated to a PO in the cell
· Both (a) and (b)
· How many POs the power saving signal applies to from the UE perspective is FFS between
· A single PO only
· One or more than one PO (details are FFS)
· How many POs the power saving signal applies to from the eNB perspective is FFS between
· A single PO only 
· One or more than one PO (details are FFS)
· The power saving signal applicable to a UE is sent on the same paging carrier as the associated subsequent physical channel(s)



Summary of discussion points
Sub-group of UEs associated to a PO
Issue description:
It is still FFS on whether sub-grouping of UEs associated to a PO is supported for WUS. RAN2 LS has confirmed that it is feasible, with some concerns noted on complexity.
Summary of company views
	Source
	View summary on supporting  sub-grouping of UEs associated to a PO
	Corresponding observations & proposals

	Huawei, HiSilicon
	Support, TDM of different WUS for sub-groups associated with the same PO
	Observation 1: From the physical layer’s viewpoint, it is beneficial if the WUS can be configured to apply to a sub-group of UEs associated to a PO, and it is feasible to do so for higher layers.
Proposal 2: eNB configures the number of WUS associated to one PO in a DRX cycle from the set {1, 2, 4, 8}.

	Ericsson
	as shown in the observations
	Observation 3: Grouping/UE_ID information in wake-up signal is beneficial unless it increases wake-up signal reception time.
Observation 4: A smaller WUS is easier to fit into existing network functionality and to partition into multiple UE groups. Therefore, if UE grouping for WUS is agreed, cover codes is preferred from a network resource cost point of view.
Observation 5: If more than one UE paging group is defined, functionality to page all UEs in a PO must be provided, e.g., for SI update and Direct Indication Information.
Observation 6: From a system point of view, subgroup UE by using WUS can be beneficial but the related problem regarding for Direct Indication Information for SI update needs to be taken into consideration in the WUS design.

	vivo
	Support, CDM of different WUS for sub-groups associated with the same PO
	Observation 2: With larger number of UEs in one group, false alarm probability increases and this will significantly reduce the power saving of WUS.
Proposal 5: Support WUS to indicate sub-group of UEs mapping to one PO. One WUS indicating up to 4 UEs (corresponding to <25% false alarm probability) is considered as the working assumption.

Observation 3: TDM based WUS groups mapping to one PO will cause longer delay and more resource fragmentation, compared with Sequence-DM based methods.
Proposal 6: Due to less delay and less resource fragmentation compared to TDM based method, Sequence-DM based WUS groups mapping to one PO is preferred.

	ZTE, SaneChips
	Not support
	Proposal 5: Unless satisfactory WUS detection performance can be guaranteed, PO subgroup is not supported.

	MediaTek Inc.
	Support
	Proposal 7: Adopt UE grouping and 1-to-N mapping for idle UE – FFS value of N

	Samsung
	Not support
	Proposal #5: Not support on one wake-up signal applied to a group of more than one of the UEs associated to a PO in a NB-IoT carrier.

	LG Electronics
	/
	Observation 1: If sub-grouping is introduced, at least sub-group common indication should be supported.

	Nokia, Nokia Shanghai Bell
	?
	Proposal 14: If UE grouping is supported for WUS transmission, consider grouping based on repetition level or based on whether or not they are configured with eDRX.

	Qualcomm Incorporated
	Support
	Proposal 5: Support flexible WUS configuration for all UEs/UE groups.

	Intel Corporation
	?
	Observation 1: Sub-grouping of WUS UEs is not very useful if the paging frequency is already very low < 1%.
Observation 2: Sub-grouping of WUS UEs using separate time-domain resources may be difficult to accomplish due to the high network resource overhead involved.



Potential proposal #1:  Support one wake-up signal applied to a group of more than one of the UEs associated to a PO in a NB-IoT carrier.

· Some discussion is needed on which type of manner,  i.e. CDM or TDM, is adopted to multiplex WUS for different sub-groups
Duration of WUS
Alignment of WUS duration
Issue description: 
In RAN1#92, it was agreed as a working assumption that WUS transmission relative to the associated PO (of subgroup of UEs) is aligned to the start of the configured maximum duration of WUS. 
· 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

Summary of company views
	Source
	View summary
	Corresponding observations & proposals

	Huawei, HiSilicon
	Align to the start
	Proposal 4: Confirm the working assumption that WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.

	Ericsson
	Align to the start
	Proposal 7: The WUS starting point, tWUS, is defined, in relation to the PO starting point, tPO, the configurable gap, tgap, and the maximum WUS duration, tWUSmax, as tWUS = tPO-Tgap-TWUSmax

	vivo
	Align to the start
	Proposal 3: Confirm the working assumption below:
· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.

	ZTE, SaneChips
	N/A
	

	MediaTek Inc.
	N/A
	

	Samsung
	Align to the start
	



	LG Electronics
	N/A
	

	Nokia, Nokia Shanghai Bell
	N/A
	

	Qualcomm Incorporated
	Align to the start
	Propose 2: 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

	Intel Corporation
	Align to the start
	Proposal 1: Confirm the working assumption that the WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.



Potential proposal #2:  Confirm the working assumption that WUS transmission relative to the associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.

Configuration values of configured maximum WUS duration
Issue description:
For configuration of maximum WUS duration, it was agreed that the maximum duration of WUS is configured in SIB per NB-IoT carrier as one value from a list and also the following was agreed in RAN1#92. 
	Agreements in RAN1#92: 
· 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



Summary of company views
	Source
	View summary
	Corresponding observations & proposals

	Huawei, HiSilicon
	Scale factor list: 
	Proposal 3: The list of values of configured maximum duration of WUS is  valid subframes.

	Ericsson
	  As shown in the proposals
	Proposal 2: WUSmax duration is determined from Rmax and an additional, optional parameter, WUSdelta, may further modify WUSmax.
Proposal 3: The maximum WUS duration may be optionally altered from scaling/shifting/adding to provide better or worse coverage compared to Rmax.

	vivo
	N/A
	

	ZTE, SaneChips
	single list of scaling factor is used
	Proposal 1: One scaling factor list can be used and cell specific WUS and PO specific WUS can have different scaling factor.
Proposal 2: Actual WUS transmission length is based on maximum configured WUS duration and a scaling factor list.

	MediaTek Inc.
	Scale factor list: 
	Proposal 5: The max WUS duration is derived from Rmax via scaling factor with value 8 and 4 for NB-IoT standalone and inband scenarios respectively

	Samsung
	Scale factor list: 
	Proposal #2: Maximum duration Dmax is determined by Dmax = Rmax/K, where K is the scaling factors configured in SIB with 2 bits, from a pre-defined set of {8, 16, 32, [64, or spare]}.

	LG Electronics
	Scaling factor is configured per NB-IoT carrier
	Proposal 2: Scaling factor for maximum duration of wake up signal is configured per NB-IoT carrier.

	Nokia, Nokia Shanghai Bell
	As shown in the proposal
	Proposal 3: The maximum WUS duration can be configured to be shorter than the duration corresponding to the coverage of the paging channel and is chosen from a single list of values.

	Qualcomm Incorporated
	Scale factor list: 
	Proposal 1: The WUS duration is configurable, determined at least based on the maximum number of repetitions for NPDCCH and the WUS transmission scheme (e.g., transmit diversity, power boosting, synchronization, etc.).

	Intel Corporation
	N/A
	



Potential proposal #3:  Narrow down the list of the scaling factors between maximum duration of WUS and Rmax associated type 1 CSS:
· Alt.1: 
· Alt.2: 
· Alt.3: 
Others
It is discussed in R1-1803866 that in addition to the maximum configured duration, the minimum configured WUS duration should be also configured to facilitate UEs for the use of WUS for synchronization.
Proposal 2: In addition to the configured maximum WUS duration, the minimum WUS duration is also broadcast per NB-IoT carrier.

Time location of WUS & non-zero gap
Issue description:
In RAN1#92, it was agreed that the non-zero gap from the end of the configured maximum WUS duration to the associated PO. However, it is still FFS on the minimum value of the non-zero gap and whether configuration is explicitly or implicitly.

	Agreements in RAN1#92: 
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



Summary of company views
	Source
	Corresponding observations & proposals

	Huawei, HiSilicon
	Proposal 5: Confirm the working assumption that at least in a UE’s DRX cycle, a WUS has a time location which is configurable with respect to the associated PO(s) location(s).
Proposal 6: The non-zero gap is defined as an absolute number of subframes.
Proposal 7: The exact value of the non-zero gap from WUS to the associated PO needs to be determined by taking UE’s processing capability into consideration.

[image: ]
[bookmark: _Ref504840435]Figure 4: Illustration of the configuration of the timing location of WUS.
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[bookmark: _Ref498610072]Figure 5: Illustration of the configuration of the timing location of multiple WUS of one PO

	Ericsson
	Proposal 4: The same WUS time offset compared to the PO is used for eDRX and DRX.
Proposal 5: The distance between the WUS and PO is cell-specific and is configurable in the SI.
Proposal 6: The minimum gap between the WUS and PO is larger than 40 ms.
Proposal 7: The WUS starting point, tWUS, is defined, in relation to the PO starting point, tPO, the configurable gap, tgap, and the maximum WUS duration, tWUSmax, as tWUS = tPO-Tgap-TWUSmax

	vivo
	Proposal 4: Non-zero gap between WUS and PO need to fulfill the different capabilities of UEs with different kinds of receiver/module architectures.

	ZTE, SaneChips
	Proposal 4: For cell specific WUS/SYS, the non-zero-gap is known implicitly by period of WUS/SYS; For PO specific WUS/DTX, the non-zero-gap is configured by higher layer.

	MediaTek Inc.
	[image: ]
Figure 1. Non-zero gap between end of WUS and associated NPDCCH in PO

Observation 1:  Non-zero gap between end of WUS and associated NPDCCH / PO needs to be sufficiently long to allow WUS detection processing time and inner warming up before NPDCCH detection in associated PO.
Proposal 2: A subset of non-zero gap configuration parameters is indicated on SIB2 / SIB22.
Proposal 3: The minimum non-zero gap duration is 40 ms on anchor carrier and 10 ms on non-anchor carrier
Proposal 4: The idle paging UE indicates its preference for UE-specific non-zero gap configuration parameters via semi-static signalling.

	Samsung
	Proposal #4: Configure the absolute value (ms) of the gap from the start of maximum transmission duration of WUS to the corresponding PO in SIB with 2 bits from a pre-defined set of floor {1.25*Dmax, 1.5*Dmax, 2Dmax, 4Dmax}. eNB needs to ensure the non-zero gap is large enough between the end of WUS to the corresponding PO.

	LG Electronics
	

[bookmark: _Ref494464947]Figure 1  Wake up occasion configuration using offset value

Proposal 1: Ending subframe of monitoring wake up signal is located on k0 NB-IoT DL subframe(s) before subsequent PO.

	Nokia, Nokia Shanghai Bell
	Proposal 10: A common gap value, selected from 2 predefined values, is configured in each cell through system information. The gap values are FFS.

	Qualcomm Incorporated
	Proposal 4: The gap between the end of WUS max duration and associated PO is configured based on the UE capability of processing time but may be implicitly known from the configured WUS starting point and duration.

	Intel Corporation
	Proposal 2: The non-zero gap from the end of the configured maximum duration of the WUS until the start of its associated PO should be explicitly defined to be within a minimum value.



Potential proposal #4:  The minimum gap between configured maximum WUS duration and the associated PO is configured based on an indication of UE capability and is an absolute number of subfames.
Enabling/Disabling of Wake-up signal
It is discussed in contributions from proponents regarding enabling and disabling 
	Source
	Related proposals

	Nokia, Nokia Shanghai Bell
	Proposal 7: The network can enable or disable use of the WUS for the whole cell through broadcast signaling.
Proposal 8: If WUS transmission is enabled in the cell, the eNB indicates in system information the different repetition levels it supports and the associated threshold values.
Proposal 9: The network can enable or disable use of the WUS for each UE through higher-layer signaling.

	LG Electronics
	Proposal 5: The network can enable or disable use of wake up signal per NB-IoT carrier.



Potential proposal #5:  
The network can enable or disable use of the WUS through broadcast signaling:
· Alt.1: per NB-IoT carrier;
· Alt.2: per cell;

Collision handling for power saving signal 
It is discussed in contributions from proponents regarding WUS transmission collision with other DL transmissions.
	Source
	Related proposals

	Ericsson
	Proposal 3: WUS transmission should be postponed when it meets the NPSS/NSSS/NPBCH/SIB1-NB/SI subframes, as well as invalid subframes.

	Samsung
	Proposal #1: For invalid DL subframe, WUS postpones the transmission to next valid DL subframe.

	ZTE, SaneChips
	Proposal 7: For  collision handling of WUS with other DL transmission, consider WUS as the same priority as the legacy paging.

	LG Electronics
	Proposal 4: UE can assume that paging DCI can be transmitted without wake up signal 
· When collision occurs between wake up signal and other signal/channel within wake up signal duration
· At WUS-less PO which is configured periodically



Potential proposal #6:  WUS is postponed in invalid subframes and the subframes where SIs other than SIB1 are transmitted.

Others
In R1-1804187, ZTE discusses backoff mechanism when UE thinks WUS cannot be reliably detected.
· Proposal 6: Configure Backoff PO as the baseline for ensuring WUS reliability.
In R1-1804520, LG proposes to define restricted candidates of actual transmission duration for wakeup signal.
Proposal 3: Restrict candidates of actual transmission duration of wake up signal.
· A set of subframes (e.g., X subframes) compose a basic transmission unit of wake up signal and actual transmission of wake up signal is composed with repetition of a basic transmission unit.

Summary of input contribution
	No.
	Tdoc
	Type
	Source
	Title
	Status

	1
	R1-1803805
	Discussion
	Vivo
	Remaining aspects on wake-up signals for feNB-IoT
	present

	2
	R1-1803867
	Decision
	Huawei, HiSilicon
	On configurations and procedures of power saving signal
	present

	3
	R1-1804139
	discussion
	MediaTek
	Wake Up Signal Configuration for NB-IoT
	present

	4
	R1-1804153
	discussion
	Ericsson
	Wake-up signal configurations and procedures for NB-IoT
	present

	5
	R1-1804187
	discussion
	ZTE, sanechips
	Remaining issues on wake up signal configuration for NB-IoT
	present

	6
	R1-1804249
	discussion
	Nokia, Nokia Shanghai Bell
	Wake-up signal configurations and procedures
	present

	7
	R1-1804330
	discussion
	Samsung
	Discussion on Wake up signal configuraion
	present

	8
	R1-1804520
	discussion
	LGE
	Discussion on wake up signal configurations and procedures in NB-IoT
	present

	9
	R1-1804698
	discussion
	Intel
	Configurations of wake-up signal for feNB-IoT
	present

	10
	R1-1804919
	discussion
	Qualcomm
	Wake-up signal configurations and procedures
	present
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