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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 has discussed procedure and configurations of Wake-up signal by several meeting and has the following agreements:

	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)




3 Summary of discussion points
3.1 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 proposals

	Huawei, HiSilicon
	Support
	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 UE 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 5:

 REF _Ref498696360 \h  \* MERGEFORMAT 
Grouping/UE_ID information in wake-up signal is beneficial unless it increases wake-up signal reception time.
Observation 6:

 REF _Ref506540003 \h  \* MERGEFORMAT 
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 7:

 REF _Ref498688532 \h  \* MERGEFORMAT 
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 8:

 REF _Ref498688542 \h  \* MERGEFORMAT 
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
	The false alarm problem should be considered and solutions need to be studied.
	Proposal 7: The false alarm problem should be considered and solutions need to be studied, especially when the number of UEs in one group is large.

	ZTE, SaneChips
	Not support sub-grouping
	Proposal 5: The power saving signal in a cell supports being applied to all the UEs associated to a PO in the cell.



	MediaTek Inc.
	N/A
	

	Samsung
	Not support sub-grouping
	Proposal #6: 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
	N/A
	

	Nokia, Nokia Shanghai Bell
	
	Proposal 11: If UE grouping is supported for WUS transmission, consider grouping based on repetition level.



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



	Intel Corporation
	Conditional support
	Intel supports sub-grouping of UEs associated to a PO depending on the resource overhead of this option, with the default sub-group value being the same as the number of UEs monitoring a PO


Potential proposals
(No majority view
Potential proposal# 1: Discussion is needed to identify how often it is practical, in terms of paging rate and resource availability, for eNB to take advantage of sub-grouping if it is introduced. 
3.2 WUS duration

3.2.1 WUS actual transmission duration and configured [maximum] duration 

Issue description: Whether WUS actual transmission duration can be shorter than the configured maximum duration of WUS. 
Summary of company views
	Companies
	View summary
Can WUS actual transmission duration be shorter than the configured [maximum] duration of WUS?
	Corresponding proposals

	Huawei, HiSilicon
	Yes. 
	Proposal 3: 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. The list is a single list for all Rmax.

Proposal 5: WUS actual transmission duration can be shorter than the configured maximum duration of WUS.

	Ericsson
	yes
	To efficiently transmit the WUS and maximize the UE sleeping time, a WUS search space can be defined with aligned the end points of the WUS candidates.
The number of repetitions the UE is required to monitor for WUS will be determined by RAN4.

	VIVO
	Yes.
	Proposal 1: The maximum duration of WUS is explicitly configured in SIB per NB-IoT carrier as one value from a list, or the maximum duration of WUS is implicitly indicated by Rmax.

Proposal 2: N levels of actual durations of WUS need to be defined per NB-IoT carrier. One level of actual duration of WUS is the maximum duration of WUS. N is FFS.

Proposal 3: Actual duration of WUS per UE is not signalled to UE and UE blindly decodes the possible actual duration of WUS.

	ZTE
	No
	Proposal1:The duration of WUS is configured per NB-IoT carrier.

	MediaTek
	Yes
	Proposal 6: The actual WUS duration can be less than the maximum WUS duration based on eNB assumption for UE coverage class and assuming early WUS detection termination in the UE.

Observation 5:  WUS Search Space is needed if actual WUS transmission is shorter than maximum WUS duration. 

	Samsung
	Yes
	Proposal #1: WUS actual transmission duration can be shorter than the configured maximum duration of WUS.


	LG
	N/A
	

	Nokia
	Yes
	Proposal 4: The eNB supports WUS transmission of different durations, not exceeding the configured maximum duration, targeting only the worst coverage level of UEs monitoring the PO with which a particular WUS transmission is associated.

Proposal 5: The repetition level of the WUS used by the eNB corresponds to either (a) the last reported coverage level or (b) the next higher coverage level of the worst UE monitoring the PO.



	Qualcomm
	Yes
	Proposal 2: The WUS actual transmission duration can be shorter than the configured maximum duration of WUS. The UE could early terminate the WUS detection by meeting a certain detection probability based on the measured signal quality (e.g., SNR from the NRS/CRS). 



	Intel
	No
	Proposal 2:

· The WUS transmitted duration and the configured duration for the cell should be consistent with each other.




Potential proposals

Potential proposal# 2
· 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. The list is a single list for all Rmax.
· WUS actual transmission duration can be shorter than the configured maximum duration of WUS.
3.2.2 Alignment of WUS duration

Issue description: 
When 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.
Summary of company views
	Source
	View summary
	Corresponding proposals

	Huawei, HiSilicon
	Align to the start.
	Proposal 6: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS.

	Ericsson
	 Support aligning the beginning if the gap is big and the resource between the end of the WUS and NPDCCH can be effectively used. 
If the gap is small, then align the ending point.
	To efficiently transmit the WUS and maximize the UE sleeping time, a WUS search space can be defined with aligned the end points of the WUS candidates.
The number of repetitions the UE is required to monitor for WUS will be determined by RAN4.

	vivo
	Align to the end.
	Proposal 4: The end of actual duration of WUS is the same as the end of maximum duration of WUS. There is only one WUS candidate per actual duration of WUS per UE. 

	ZTE, SaneChips
	N/A
	

	MediaTek Inc.
	Align to the start
	Observation 1:  Non-zero gap between end of WUS and associated NPDCCH / PO for idle paging UE needs to be sufficiently long to allow WUS detection processing time and inner warming up in NB-IoT device following WUS detection before NPDCCH detection in associated PO.
Observation 5:  WUS Search Space is needed if actual WUS transmission is shorter than maximum WUS duration. 

	Samsung
	Align to the start.
	Proposal #2: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS.

	LG Electronics
	N/A
	

	Nokia, Nokia Shanghai Bell
	Align to the end.
	Proposal 10: When the actual WUS duration is less than the maximum duration, the WUS is transmitted aligning to the end of the configured maximum duration (Alt 2).


	Qualcomm Incorporated
	Align to the start.
	Propose 3: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS. The starting of WUS duration is indicated in SIB. 

	Intel Corporation
	Align to the start
	For this issue, Intel supports alt 1, as we think that if the WUS is being used for sync purposes, then alt B makes it harder for the UE to use the WUS without prior synchronization to existing signals due to the higher uncertainty caused by the WUS being aligned to the end of configured maximum duration of the WUS.


Potential proposals

In this case, there is UE implementation complexity advantage in aligning to the start of the duration. Since there is no big majority of companies, we propose following the route best for ultra-low complexity UE.
Potential proposal# 3: When WUS actual transmission duration can be shorter than the configured maximum duration of WUS, the actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS.
3.2.3 Configuration values of configured [maximum] WUS duration

Issue description:
For configuration of [maximum] WUS duration, it is agreed that the [maximum] duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. However it is still FFS whether the list depends on Rmax or a single list for all Rmax.
	Agreements in RAN1#91: 

· 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


Summary of company views
	Source
	View summary
	related proposals

	Huawei, HiSilicon
	A single list for all Rmax
	Proposal 4: The list of values of configured maximum duration of WUS is {4, 8, 16, 32, 64, 128, 256, 512} valid subframes, where 512 valid subframes is FFS.

	Ericsson
	Depends on Rmax and if so the number of lists specified
	Proposal 7:

 REF _Ref498688577 \h  \* MERGEFORMAT 
The WUS should provide similar coverage as its associated NPDCCH transmission.
Proposal 10:

 REF _Ref506571887 \h  \* MERGEFORMAT 
WUSmax is determined from Rmax and an additional, optional parameter, WUSdelta, may further modify WUSmax.

	vivo
	N/A
	

	ZTE, SaneChips
	WUS duration is implicitly acquired based on Rmax
	Proposal1:The duration of WUS is configured per NB-IoT carrier. 

Proposal 2: WUS duration is implicitly acquired based on Rmax.


	MediaTek Inc.
	 One value from a single list for all Rmax
	Proposal 4: The maximum WUS duration is 32 ms.

Observation 2:  Early WUS detection termination can be supported if idle paging UE knows max WUS duration from SIB2 / SIB22. 

	Samsung
	A single list for all Rmax
	Proposal #5: Maximum duration Dmax is configured by eNB from a pre-defined set. UE derives the actual transmission duration based on Dmax. 



	LG Electronics
	Depends on Rmax and if so the number of lists specified
	Proposal 2: UE can determine its wake up signal duration based on Rmax for paging DCI and parameter in SIB signaling. 



	Nokia, Nokia Shanghai Bell
	N/A
	

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

	Intel Corporation
	N/A
	


Potential proposals
Potential proposal# 4:
· The maximum duration of WUS is configured in SIB per NB-IoT carrier as one value from a list and the list at least depends on Rmax, and FFS the number and exact values of the scaling factors.
3.3 Time location of WUS

Issue description:
In RAN1#91, 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 duration of the non-zero gap and whetehr configuration is explicitly or implicitly.
	Agreements in RAN1#91: 

· 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 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
	Related proposals

	Huawei, HiSilicon
	Proposal 7: 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 8: There is a non-zero gap from the end of the configured maximum WUS duration window to the associated PO.

Proposal 9: The non-zero gap from the end of each configured maximum WUS duration to the associated PO is set via a 4 ms gap from the end of the final window to the PO, and the choice of the configured maximum duration.
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Illustration of the configuration of the timing location of multiple WUS of one PO


	Ericsson
	Proposal 9:

 REF _Ref498688595 \h  \* MERGEFORMAT 
The distance between the WUS and PO is cell-specific and is configurable in the SI.

	vivo
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Figure 1: non-zero gap between the end of WUS and PO
Proposal 5: Define the gap between WUS and PO as the time between the end of actual duration of WUS and the start of PO.
Proposal 6: One non-zero gap (x ms) between WUS and PO is defined and signaled to UE.  FFS: x ms.

	ZTE, SaneChips
	Suppose the starting subframe which PO occupies is the subframe k, then the ending subframe for the WUS will be k-K subframe. The K subframe will be used to process WUS, or used to reduce the collision with other terminal, synchronization signal reception, or fine tuning of synchronization. The value k can be configured by higher layer.

Proposal 4: The gap between WUS and PO is configured by higher layer.

	MediaTek Inc.
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Figure 1. Non-zero gap between end of WUS and associated NPDCCH in PO
Proposal 2: A non-zero gap is fixed in the specification to allow sufficient time for inner warming-up time in the device modem following WUS detection.

Proposal 3: A non-zero gap has duration greater than inner warming up time of up to ~40 ms and some additional WUS processing time.

	Samsung
	Proposal #3: Configure the absolute value (ms) of the gap from the start of WUS transmission to the corresponding PO. eNB needs to ensure the X ms (FFS on X) gap between the end of WUS to the corresponding PO.  

	LG Electronics
	Proposal 1: Ending subframe of monitoring wake up signal is located on k0 NB-IoT DL subframe(s) before subsequent PO.
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Figure 1 Wake up occasion configuration using offset value

	Nokia, Nokia Shanghai Bell
	Proposal 9: The gap between the maximum duration WUS window and the PO is configurable. A common gap value, selected from [2 or 4] predefined values, is configured in each cell through system information.


	Qualcomm Incorporated
	Proposal 4: The gap between the end of WUS 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
	For this issue, Intel thinks that the time duration between WUS reception and its associated PO should take into account the time required for the UE to gain downlink synchronization and channel estimation to be able to decode the NPDCCH, in case the WUS also provides synchronization functionality (but is not good enough to decode NPDCCH). If the UE supports a separate wake-up Rx, then the time duration between WUS reception and its associated PO must also consider the cost of waking up main receiver in order to maximize UE power savings. 

For alternatives presented for proposal #5, we think the non-zero gap doesn’t need to be configured (alt 2), but can be derived from starting position and duration values.




Potential proposals
Potential proposal# 5
· The non-zero gap from the end of the configured maximum WUS duration to the associated PO:
· Is set

· Alt.1: explicitly from [2 or 4] predefined values;

· Alt.2: implicitly derived from the end of the final window to the PO, and the choice of the configured maximum duration.
· Has a minimum duration of

· Alt. A: fixed to [4]ms;

· Alt. B: based on the UE capability of processing time
3.4 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 6: The network can enable or disable use of the WUS for the whole cell through broadcast signaling.
Proposal 7: 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 8: 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# 6
The network can enable or disable use of the WUS through broadcast signaling:

· Alt.1: per NB-IoT carrier;
· Alt.2: per cell;
3.5 Others
In R1-1802166, LG discussed when WUS collides with other existing signals collision handling between the wake up signal and other legacy signals/channels should be considered. It is proposed by LG as following:
Proposal 4: To handle the collision between wake up signal and other legacy signals/channels, UE assumes that paging DCI can be transmitted without corresponding wake up signal when the wake up signal collide with other legacy signals/channels.

In R1- 1801615, ZTE discusses backoff mechanism when UE thinks WUS cannot be reliably detected.
Proposal 3: Backoff PO is the baseline for ensuring WUS reliability. The following alternatives can also be used to ensure WUS reliability:
· Configure cell specific WUS with synchronization function

· Broadcast WUS TX power to the UE
Appendix A: Summary of input contributions for Wake-up signal configurations and procedures
	TDoc #
	Title
	Source

	R1-1801434
	On configurations and procedures of power saving signal
	Huawei, HiSilicon

	R1-1801489
	Wake-up signal configurations and procedures for NB-IoT
	Ericsson

	R1-1801505
	On wake-up signals for feNB-IoT
	vivo

	R1-1801615
	Discussion on wake up signal configuration for NB-IoT
	ZTE, SaneChips

	R1-1801683
	Wake Up Signal Configuration for NB-IoT
	MediaTek Inc.

	R1-1801929
	Discussion on Wake up signal configuration
	Samsung

	R1-1802166
	Discussion on wake up signal configurations and procedures in NB-IoT
	LG Electronics

	R1-1802263
	Wake-up signal configurations and procedures
	Nokia, Nokia Shanghai Bell

	R1-1802332
	Wake-up signal configurations and procedures
	Qualcomm Incorporated

	R1-1802377
	Configurations of wake-up signal for feNB-IoT
	Intel Corporation
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