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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#92bis
Agreement
Confirm the following 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
3 bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS

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 subfames 
· There are at least 10 valid subframes between the end of configured maximum WUS duration and the first associated PO.
· FFS: whether to define UE capability for wake-up time 

Agreement
WUS is postponed in subframes that are not NB-IoT DL subframes and is not transmitted [FFS dropped/postponed] in the subframes that carries 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


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)



Agreements in Tuesday session in RAN1#93
Agreement
The scaling factor between maximum duration of WUS and Rmax associated with type 1 CSS is selected from {1/128,1/64,1/32,1/16,1/8,1/4,1/2}.

Note that Ericsson has a concern about values of 1/128 and 1/2.

Agreement
Define candidate values for actual WUS duration for UE blind detection.

Agreement
The UE is not required to monitor the actual WUS duration other than power of 2 values from 1ms to the maximum WUS duration.


Agreement
· Higher-layer configured WUS_offset 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 WUS_offset could be different for DRX and eDRX.

Agreement
· The UE reports one capability for "minimum gap between WUS and associated PO" for eDRX, selected among {Y1, Y2, …, YN}.
· There is no UE capability reporting for “minimum gap between WUS and associated PO” for DRX (i.e, the minimum gap is fixed in specification).

Agreement
· WUS is dropped in subframes that carry SIB1-NB and other SIs.
· WUS is postponed in subframes that are not NB-IoT DL subframes and does not carry SIB1-NB.
· Note: this reverses the previous agreement of “WUS is postponed in subframes that are not NB-IoT DL subframes and is not transmitted [FFS dropped/postponed] in the subframes that carries 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
WUS is punctured in CRS REs for in-band deployment

Agreement
Sub-grouping is not supported in Rel-15.
Note that some companies observe the gains from sub-grouping.
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
	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 1: 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;
Common indication needs to be supported if sub-grouping is supported;
	Observation 2: Grouping/UE_ID information in wake-up signal is beneficial unless it increases wake-up signal reception time.
Observation 3: 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 4: 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 5: 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, prefer CDM based sub-grouping
	
Figure 2: candidates for WUS multiplexing methods
Proposal 8: Due to less delay and less resource fragmentation compared to TDM based method, CDM based WUS groups mapping to one PO is preferred.
Observation 1: With larger number of UEs in one group, false alarm probability increases and this will significantly reduce the power saving of WUS.
Observation 2: TDM based WUS groups mapping to one PO will cause longer delay and more resource fragmentation, compared with Sequence-DM based methods.

	ZTE, SaneChips
	Not support
	Proposal 5: Unless satisfactory WUS detection performance can be guaranteed, PO subgroup is not supported.
Observation 1：CDM based WUS will introduce more UE detection power consumption. Also, different transmission duration will negatively impact the cross correlation property between WUS of different sub-group.
Observation 2: TDM based WUS does not require increased detection power consumption, but at the cost of higher system resource usage.

	MediaTek Inc.
	Support
	Proposal 4: Adopt UE grouping and 1-to-N mapping for idle UE – FFS value of N

	Samsung
	Not support
	Proposal #8: 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
	If sub-grouping is supported,  common indication should be supported;
	Observation 2: If sub-grouping is introduced, at least sub-group common indication should be supported.

	Nokia, Nokia Shanghai Bell
	If sub-grouping is supported, it is used to differentiate DRX/eDRX;
	Proposal 6: If UE grouping is supported, grouping can be based on the configured gap value or DRX/eDRX configuration.

	Qualcomm Incorporated
	Support
	Proposal 6: Support flexible WUS configuration for all UEs/UE groups.

	Intel Corporation
	Sub-grouping of WUS UEs using separate time-domain resources may be difficult
	Proposal 5: For a given cell, sub-grouping the UEs monitoring a WUS is configurable and can be enabled/disabled by the network.
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.

	OPPO
	N/A
	



Duration of WUS
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
	Scaling factor for configuring maximum WUS duration is 
	Proposal 2: The list of values of configured maximum duration of WUS is  subframes.

	Ericsson
	Scaling factor for configuring maximum WUS duration is [1/4, 1/6, 1/8, 1/12, 1/16, 1/24, 1/32]
	Proposal 2: The values of the 3-bit scaling factor between Rmax and WUSmax are [1/4, 1/6, 1/8, 1/12, 1/16, 1/24, 1/32] rounded upwards such that the minimum WUS duration is 1 subframe.

	vivo
	N/A
	Proposal 1: N levels of actual durations of WUS need to be defined per NB-IoT carrier, one of which is the maximum duration of WUS. 
Proposal 2: Actual duration of WUS per UE is not signalled to UE. UE blindly decodes its possible actual duration of WUS.

	ZTE, SaneChips
	1. Scaling factor for configuring maximum WUS duration is [1 1/2 1/4 1/8 1/16 1/32 1/64 1/128]
2. Restrict the candidates of actual transmission duration of WUS
	Proposal 1: The 3-bit scaling factor is [1 1/2 1/4 1/8 1/16 1/32 1/64 1/128].
Proposal 2: The scaling factor configured for Cell specific WUS and PO specific WUS can be different.
Proposal 3: Actual WUS transmission length is based on maximum configured WUS duration and a finite set.  
· The finite set is [1, 1/2, 1/4, 1/8].

	MediaTek Inc.
	Scaling factor for configuring maximum WUS duration is 
	Proposal 1: The values of scaling factor K between maximum duration of WUS and Rmax associated with type 1 CSS can be 1, 2, 4, 8, 16, 32, 64, 128, where Wmax = floor(Rmax/K).  

	Samsung
	1. Scaling factor for configuring maximum WUS duration is  {[1/4], 1/8, 1/16, 1/32, 1/64, 1/128, reserved, reserved}
2. Restrict the candidates of actual transmission duration of WUS
	Proposal #1: Maximum duration Dmax is determined by Dmax = Rmax*K, where K = {[1/4], 1/8, 1/16, 1/32, 1/64, 1/128, reserved, reserved}.
Proposal #2: The potential WUS transmission duration is determined by D = floor (R*K), where R is the repetition level of NPDCCH for each Rmax, K is the scaling factor of WUS configured in SIB. 

	LG Electronics
	1. Scaling factor is configured per NB-IoT carrier
2. Restrict the candidates of actual transmission duration of WUS
	Proposal 3: Scaling factor for maximum duration of wake up signal is configured per NB-IoT carrier.
Proposal 4: 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.

	Nokia, Nokia Shanghai Bell
	N/A
	

	Qualcomm Incorporated
	1. Scaling factor for configuring maximum WUS duration is  and n the range of [1ms, 128ms];
2. Restrict the candidates of actual transmission duration of WUS
	Proposal 1: At least  should be defined for candidate scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS.
Proposal 2: The max duration of WUS is defined as  in the range of [1ms, 128ms].
Propose 4: UE assume the actual WUS duration of WUS for blind detection based on the predefined candidates of W for each Wmax in Table 2.

	Intel Corporation
	N/A
	

	OPPO
	1. Define candidate values of actural WUS duration.
	Proposal 2: define candidate values of actural WUS duration.
· Support at most 4 values
· Rel-13 MPDCCH repetition candidates determination mechanism could be the baseline 



It was agreed in Tuesday session of RAN1#93 as following:
Agreement
The scaling factor between maximum duration of WUS and Rmax associated with type 1 CSS is selected from {1/128,1/64,1/32,1/16,1/8,1/4,1/2}.

Note that Ericsson has a concern about values of 1/128 and 1/2.

Agreement
Define candidate values for actual WUS duration for UE blind detection.

Agreement
The UE is not required to monitor the actual WUS duration other than power of 2 values from 1ms to the maximum WUS duration.

Time location of WUS & non-zero gap
Background description:
In RAN1#92bis, it was agreed that 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. However, it is still FFS on the minimum value of the non-zero gap and whether configuration is explicitly or implicitly. It is FFS on whether UE capability is defined for wake-up time.
	Agreements in RAN1#92bis: 
Confirm the following 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 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 subfames 
· There are at least 10 valid subframes between the end of configured maximum WUS duration and the first associated PO.
FFS: whether to define UE capability for wake-up time

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 related inputs
	Source
	Corresponding observations & proposals

	Huawei, HiSilicon
	[image: ]
Figure 3: Illustration of the timing location of WUS.
Proposal 6: The value of the gap is configured per NB-IoT carrier from the set {40, 80, spare1, spare2} ms in Rel-15. The spare values are introduced for the purpose of being smaller values in later Releases when UE hardware has evolved to justify them.

	Ericsson
	
Proposal 6: 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
Proposal 7: The eNB signals ‘WUR enabled’ in SI.
Proposal 8: A specific UE capability “WUR” is introduced, allowing an extended WUS-to-PO gap in eDRX mode.
Proposal 9: If eNB signals WUR enabled, the WUS-to-PO gap for the WUR capable UE in eDRX is [1] s.

	vivo
	

Figure 1: how UE assumes the starting subframes of WUS transmission

Proposal 3: 
The starting subframe of WUS is based on the equation below:
the starting subframe of WUS = PO – Gap – the overall time length for maximum WUS duration. 
where, Gap is the time between the end of maximum WUS duration and PO.   
The overall time length for WUS duration is the maximum WUS duration plus the offset. Collision between WUS subframes and subframes for NPSS/NSSS/NPBCH/SIB1/other SIBs/UL transmission is compensated by the offset. The offset is predefined or signaled by SIB. 
Proposal 5: Non-zero gap between WUS and PO need to fulfill the different capabilities of UEs with different kinds of receiver module or architectures. 
Proposal 6: Support UE capability for different values of non-zero gap.
Proposal 7: Support WUS to indicate sub-group of UEs mapping to one PO.

	ZTE, SaneChips
	Proposal 4: For cell specific WUS, the non-zero-gap is known implicitly by period of WUS; 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
Proposal 1: A subset of non-zero gap values between the end of configured maximum WUS duration and the first associated PO including at least 10 ms for non-anchor carrier and 40 ms for anchor carrier is indicated on SIB2 / SIB22.  
Proposal 2: The idle paging UE indicates its preference for UE-specific non-zero gap configuration parameters in wake-up time UE capability via semi-static signalling.

	Samsung
	

Proposal #5: Introduce a RRC parameter to configure the offset/gap between the starting subframe of WUS to the first associated PO. 
Proposal #6: The actual WUS transmission stops at minimal gap before PO.  
Proposal #7: 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}.

	LG Electronics
	

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.
Proposal 2: If different UE capabilities for wake-up time are defined, one of the following options is selected for the configuration of wake-up signal occasion
· (Option 1) Independent wake up signal occasions are configured per different wake-up time capabilities. 
· (Option 2) Wake up signal occasions are configured based on smaller wake-up time capability, which is reused for the UEs with larger wake-up time capability.
Observation 1: Paging operation in MME could be impacted if the gap between wake up signal and associated PO is large.

	Nokia, Nokia Shanghai Bell
	Proposal 3: Two gap values are specified to support UEs with different processing capabilities.
Proposal 4: UEs indicate their WUS processing or gap requirement to the network through UE capability signaling.
Proposal 5: UEs are configured with one of the two supported gap values depending on their capability.
Observation 1: The specified minimum gap value must be more than 10 subframes to allow for invalid subframes occurring during the gap.

	Qualcomm Incorporated
	Proposal 5: Explicitly indicate the starting point of WUS, where the starting point is signalled as a number of subframes between 1st WUS subframe and the associated PO.
Proposal 1: The WUS resource configuration including the WUS duration and the gap between the end of WUS max duration and associated PO should consider the UE capability of processing time.
Observation 2: The min gap between the end of WUS max duration and associated PO is (40ms plus 10 valid subframes)/1s satisfy required UE processing time for DRX/eDRX scenarios.

	Intel Corporation
	Proposal 1: 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.
Proposal 2: The UE has the capability to inform the network of its preferred non-zero gap value for WUS-capable UE. The use of the UE-provided non-zero minimum gap value is up to the network. 

	OPPO
	Proposal 3: define different UE capabilities for wake-up time. 



Open Issue#1: how to configure the WUS location relative to associated PO
It was already agreed in Tuesday session in RAN1#93 as following regarding this issue:
Agreement
· Higher-layer configured WUS_offset 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 WUS_offset could be different for DRX and eDRX.

Agreement
· The UE reports one capability for "minimum gap between WUS and associated PO" for eDRX, selected among {Y1, Y2, …, YN}.
· There is no UE capability reporting for “minimum gap between WUS and associated PO” for DRX (i.e, the minimum gap is fixed in specification).

Open Issue#2: whether to define UE capability on wake-up time and how to configure the value of the gap
Following table summarizes the view of companies regarding whether to report UE capability on wake-up time and the values of the gap.
	Source
	Exact values of the gap
	UE report its capability on wake-up time

	Huawei, HiSilicon
	{40, 80, spare1 spare2} ms
	Yes

	Ericsson
	Larger than 40 ms;
If eNB signals WUR enabled, the WUS-to-PO gap for the WUR capable UE in eDRX is [1] s
	A specific UE capability “WUR” is introduced

	vivo
	N/A
	N/A

	ZTE, SaneChips
	N/A
	N/A

	MediaTek Inc.
	For non-anchor carrier: at least 10 ms
For anchor carrier: 40 ms
	Yes

	Samsung
	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}.
	N/A

	LG Electronics
	N/A
	N/A

	Nokia, Nokia Shanghai Bell
	Larger than 10 subframes;
Specify two gap values
	Yes

	Qualcomm Incorporated
	DRX: 40ms plus 10 valid subframes
eDRX: 1s
	N/A

	Intel Corporation
	N/A
	Yes

	OPPO
	N/A
	Yes



It was already agreed in Tuesday session in RAN1#93 as following regarding this issue:
Agreement
· The UE reports one capability for "minimum gap between WUS and associated PO" for eDRX, selected among {Y1, Y2, …, YN}.
· There is no UE capability reporting for “minimum gap between WUS and associated PO” for DRX (i.e, the minimum gap is fixed in specification).

It also needs discussion on how to configure the WUS gap DRX and eDRX. There can be two options:
·  (Option 1) Independent wake up signal occasions are configured for DRX and eDRX. 
· (Option 2) single gap for WUS of eDRX and DRX is configured.

Regarding the online discussion in Tuesday, we achieved the following wording regarding the issues:
Possible agreement
· One common gap duration is configured for DRX and eDRX and another longer gap can be optionally configured for eDRX.
· For eDRX, UE which is capable of longer wake up time also supports DRX wake up time
· If eNode B optionally configures longer gap, UE shall expect only WUS with longer gap for eDRX

Based on offline discussion, it is proposed to discuss and agree the following agreements:

For UE capability:
Possible proposal#3a:
· {Y1, Y2, …, YN}={40ms, 200ms, 1s, 2s}.
· The “minimum gap between WUS and associated PO” is fixed as 40ms.

For eNB configuration:
Possible proposal#3b: 
· For DRX, a gap duration is configured with a value range of {40ms, 200ms}.
· For eDRX, a short gap is configured with a value range of {40ms, 200ms} and another longer gap can be optionally configured with a value range of {1s, 2s}.
· The short gap can be same or larger than the gap configured for DRX.

For UE behavior:
Possible proposal#3c: 
· [bookmark: _GoBack]For eDRX, if a short gap (G1) and a longer gap (G2) are both configured, and the configured gap (G1 for Case 1 and G2 for Case2) is the same as “minimum gap between WUS and associated PO” reported by UE
	UE reported one capability of “minimum gap between WUS and associated PO”
	UE expects the WUS with G1
	UE expects the WUS with G2

	Case 1: {40ms or 200ms}
	Y
	N

	Case 2: {1s or 2s}
	N
	Y


· If the configured gap (G1 for Case 1 and G2 for Case2) is other than the UE reported capability of “minimum gap between WUS and associated PO”,
· Case A: if the configured gap is larger than the UE reported capability of “minimum gap between WUS and associated PO”, 
· Alt1: UE does not monitor WUS with the configured gap.
· Alt2: UE monitors WUS with the configured gap 
· UE could wait until the end of the configured gap to detect paging.
· FFS Alt.3: Alt1 or Alt2 is predefined oris selected by UE.
· If selected by UE, FFS UE informs the selected Alt1 or Alt2.
· Case B: if the configured gap is smaller than the UE reported capability of “minimum gap between WUS and associated PO”,
· Alt1: UE does not monitor WUS with the configured gap.
· Alt2: UE monitors WUS with the configured gap 
· UE needs to prepare the software update before WUS detection and detect the WUS within the configured gap.
· Alt.3: FFS Alt1 or Alt2 is predefined or selected by UE.
· If selected by UE, FFS UE informs the selected Alt1 or Alt2.

Issues related to 1-to-N mapping between WUS and POs
	Source
	Related proposals

	Qualcomm Incorporated
	Proposal 7: eNB configures the cell-specific N for eDRX UEs and broadcast in SIB.

Proposal 8: If configured with 1-to-N mapping between WUS and POs, the UE could be configured to detect at least one PO or last PO during the last N DRX cycles within PTW.

	Nokia, Nokia Shanghai Bell
	[image: ]
[bookmark: _Ref510607518]Figure 1. Additional WUS transmission prior to the last PO within the PTW.

Proposal 9: With 1-to-N mapping between WUS and POs, a WUS is associated with the next N successive POs and a UE detecting the WUS monitors the next N successive POs.

Proposal 10: With 1-to-N mapping between WUS to POs, consider supporting transmission of WUS prior to at least the last PO within the PTW.

Proposal 11: The UE can be optionally configured to monitor additional WOs at the end of the PTW through higher layer signaling.

Proposal 12: If a UE performs cell reselection during a PTW and there are no more WOs, the UE directly monitors the remaining POs in the current PTW.

	ZTE, SaneChips
	Proposal 6: Backoff PO is supported for WUS reliability and SI update information.

	OPPO
	Proposal 4: For 1-to-N mapping between WUS and PO for eDRX, WUS is tranmitted periodically with the period of N*paging cycle. The value of N and the time offset of the WUS within N paging cycle needs to be informed to the UE or predefined in the specification.

Proposal 5: For 1-to-N mapping between WUS and PO for eDRX, once the UE detect WUS, the UE needs to monitor paging PDCCH in the following N POs after the WUS.



We may need to decide the value of N that can be configured. 
Potential proposal #1:  
· For 1-to-N mapping between WUS and PO for eDRX, WUS is transmitted periodically with the period of N*paging cycle. 
· The value of N is configured to the UE from the list of  {1, 2,4, 8};
· The time offset of the N paging cycle in the PTW is 0;

· It was concluded in Tuesday session that RAN1 does not need to conclude on this.

Collision handling for power saving signal 
Issue description
It is FFS in RAN1#92bis agreements on whether WUS is dropped or postponed in the subframes that carries SIs other than SIB1. Some contributions also discuss the collision handling when WUS collides with POs.
	Agreements in RAN1#92bis: 
WUS is postponed in subframes that are not NB-IoT DL subframes and is not transmitted [FFS dropped/postponed] in the subframes that carries 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



Whether WUS is dropped or postponed in the DL NB-IoT subframes and subframes that carries SIs other than SIB1
Summary of inputs
It is FFS in RAN1#92bis agreements on whether WUS is dropped or postponed in the subframes that carries SIs other than SIB1. Proponents provide the views on this which is summarized in the following table.
	Source
	View summary 
	Related proposals

	Huawei, HiSilicon
	Limited postponement
	Proposal 3: Adopt postponing when WUS overlaps with the first Tpostpone subframes that carry SIs other than SIB1-NB, then adopt dropping, where Tpostpone is a predefined threshold.
Proposal 4: The predefined threshold  is configured in SIB or fixed in specification.
Observation 2: If WUS is dropped in the subframes that carry SIs other than SIB1-NB, then in some situations, such as when the SI message is dense in time domain, the number of subframes available for WUS transmission within the maximum UE Rx window might be too small. As a result, the WUS is only applicable for UEs in good coverage.
Observation 3: If WUS is postponed in the subframes that carry SIs other than SIB1-NB, then in some situations, such as when the SI message is dense in time domain, the maximum UE Rx window size will be increased. As a result, the UE power consumption will be increased.
Observation 4: The number of subframes that carry SIs other than SIB1-NB before each PO is variable. So adopting only dropping or postponing for all POs is inflexible, leading to less efficient tradeoff between UE power consumption and the number of subframes available for WUS transmission.

	Ericsson
	Drop
	Proposal 10: When WUS is colliding with subframes that carries SIs other than SIB1, colliding WUS subframes are dropped.
Proposal 11: When the location of the PO is changed due to a collision, the WUS is transmitted on a location related to the PO position assuming no collision.

	Qualcomm Incorporated
	Drop
	Proposal 9: WUS is dropped in the subframes that carry SIs other than SIB1.

	Samsung
	Drop
	Proposal #:3: WUS subframe is dropped when colliding with PRBs carrying SIs other than SIB1-BR.
Proposal #4: WUS subframe is dropped during DL gap.

	ZTE, SaneChips
	N/A
	

	LG Electronics
	Drop
	Proposal 5: Wake up signal is dropped in the subframe that
· carries SIs other than SIB1-NB or
· used for paging transmission which is indicated by previous wake up signal.
Proposal 6: 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

	OPPO
	N/A
	

	vivo
	Postpone
	Proposal 4: UE assumes WUS is transmitted in the subframes belonging to the overall time length for maximum WUS duration. UE assumes WUS is postponed in subframes that are not NB-IoT DL subframes and the subframes that carries NPSS/NSSS/NPBCH/SIB1/other SIBs.

	Nokia, Nokia Shanghai Bell
	Drop
	Proposal 7: Consider changing the agreement on WUS collision with SIB-NB to dropping WUS transmission in subframes carry SIB1-NB. 
Proposal 8: WUS transmission is dropped in the subframes carrying SI messages other than SIB1 in case of collision.

	Intel Corporation
	N/A
	Proposal 3: 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.
Proposal 4: In case the WUS and PO collide, the WUS may be punctured by the PO (if only a small part of the WUS collides with the PO) or the eNB may choose to disable WUS functionality due to performance impact on legacy UEs. 



It was already agreed in Tuesday session of RAN1#93:
Agreement
· WUS is dropped in subframes that carry SIB1-NB and other SIs.
· WUS is postponed in subframes that are not NB-IoT DL subframes and does not carry SIB1-NB.
· Note: this reverses the previous agreement of “WUS is postponed in subframes that are not NB-IoT DL subframes and is not transmitted [FFS dropped/postponed] in the subframes that carries 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
· 

Collision handling with other DL signals
	Source
	Related proposals

	Samsung
	Proposal #4: WUS subframe is dropped during DL gap.

	LG Electronics
	Proposal 5: Wake up signal is dropped in the subframe that
· carries SIs other than SIB1-NB or
· used for paging transmission which is indicated by previous wake up signal.
Proposal 6: 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

	Nokia, Nokia Shanghai Bell
	Proposal 7: Consider changing the agreement on WUS collision with SIB-NB to dropping WUS transmission in subframes carry SIB1-NB. 

	Intel Corporation
	Proposal 3: 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.
Proposal 4: In case the WUS and PO collide, the WUS may be punctured by the PO (if only a small part of the WUS collides with the PO) or the eNB may choose to disable WUS functionality due to performance impact on legacy UEs. 



It was already agreed in Tuesday session of RAN1#93:
Agreement
WUS is punctured in CRS REs for in-band deployment

Others
It is discussed also 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. It is recommended to agree the following 
· Proposal 2: In addition to the configured maximum WUS duration, the minimum WUS duration is also broadcast per NB-IoT carrier.

Summary of input contribution
[1]. R1-1805855	Wake-up signal configurations and procedures for NB-IoT	Ericsson
[2]. R1-1805964	On configurations and procedures of power saving signal	Huawei, HiSilicon
[3]. R1-1805996	Wake Up Signal Configuration for NB-IoT	MediaTek Inc.
[4]. R1-1806032	Remaining aspects on configurations and procedures of wake-up signals for feNB-IoT	vivo
[5]. R1-1806159	Wake-up signal configurations and procedures	Nokia, Nokia Shanghai Bell
[6]. R1-1806192	Remaining issues on wake up signal configuration for NB-IoT	ZTE
[7]. R1-1806492	Configurations of wake-up signal for feNB-IoT	Intel Corporation
[8]. R1-1806589	Discussion on wake up signal configurations and procedures in NB-IoT	LG Electronics
[9]. R1-1806687	Discussion on Wake up signal configuraion	Samsung
[10]. R1-1806872	On wake-up procedure for feNBIoT	OPPO
[11]. R1-1807108	Remaining issues on Wake-up signal configurations and procedures	Qualcomm Incorporated
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