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Introduction
The Rel-19 WI on LP-WUS/WUR (RP-241824) was declared as complete in RAN1 in RAN1#121 meeting. 
This contribution summarizes the discussions on maintenance for LP-WUS operation in IDLE/INACTIVE modes in RAN1#122bis. 
Section 2 captures the agreements as the outcome of RAN1#122bis discussions. Section 3 captures the proposals for online sessions. Section 4 documents the detailed discussions. Agreements from previous meetings are captured in the Appendix.
RAN1#122bis Agreements

Proposals for Online Sessions
Proposals for Online


LP-WUS Operation in Idle/Inactive Mode
Issue#1: Gap between two LP-WUS MOs and between LP-WUS and LP-SS
The following was agreed with an FFS:
Agreement
In one LO, the start time location of a subsequent LP-WUS MO is determined implicitly at least based on the previous LP-WUS MO.
· No additional RRC configuration is provided.
· FFS whether/how to ensure a gap between two LP-WUS MOs

For the gap between two LP-WUS MOs and a similar consideration on the gap between LP-WUS MOs and LP-SS occasions, the following was proposed by companies.
	[2] vivo
	[bookmark: _Ref197710973]Observation 1: No strong need to configure a time gap by RRC between two consecutive LP-WUS MOs.
· The LR processing time will be a value at the symbol level rather than at the millisecond level and it can be covered by the nominal MO duration.
Proposal 3: Adopt following TP in TS 38.213
	Reason for change:
	UE does not expect to monitor a back-to-back actual LP-WUS transmissions.  

	
	

	Summary of change:
	For both idle/inactive and connected mode oepration, avoid the case that UE needs to monitor a LP-WUS in the last symbol of a nominal MO and another LP-WUS in the first symbol of the next nominal MO.

	
	

	Consequences if not approved:
	UE cannot handle such case, hence cannot receive the LP-WUS timely for PDCCH monitoring.

	
*** Unchanged parts are omitted ***
10.4C	PDCCH monitoring activation by WUS in RRC_IDLE/RRC_INACTIVE
*** Unchanged parts are omitted ***
A WUS monitoring occasion is over a first number of symbols, provided by WUS_NominalMO_duration_ IDLE/INACTIVE. If a number of available symbols for the UE to monitor WUS in a WUS monitoring occasion is smaller than a second number of symbols, provided by WUS_ActualMO_duration_ IDLE/INACTIVE, the UE does not monitor WUS in the WUS monitoring occasion. The UE monitors WUS in a WUS monitoring occasion over the earliest available WUS_ActualMO_duration_ IDLE/INACTIVE symbols in the WUS monitoring occasion. If a number of available symbols for the UE to monitor WUS in a WUS monitoring occasion includes a symbol for LPSS reception, the UE does not monitor WUS in the WUS monitoring occasion. And a UE does not expect to monitor a LP-WUS in the last symbol of a nominal MO and another LP-WUS in the first symbol of the next nominal MO.
*** Unchanged parts are omitted ***
10.4D	PDCCH monitoring activation by WUS in RRC_CONNECTED
*** Unchanged parts are omitted ***
A WUS monitoring occasion is over a first number of symbols, provided by WUS_NominalMO_duration_CONNECTED. If a number of available symbols for the UE to monitor WUS in a WUS monitoring occasion is smaller than a second number of symbols, provided by WUS_ActualMO_duration_CONNECTED, the UE does not monitor WUS in the WUS monitoring occasion. The UE monitors WUS in a WUS monitoring occasion over the earliest available WUS_ActualMO_duration_CONNECTED symbols in the WUS monitoring occasion. And a UE does not expect to monitor a LP-WUS in the last symbol of a nominal MO and another LP-WUS in the first symbol of the next nominal MO.
*** Unchanged parts are omitted ***





	[3] HW/HiSi
	Proposal 10:	For any of the first M-1 MOs associated with the same beam, if the X2-th available symbol of a MO is not the last one OFDM symbol of the MO, there is no gap needed after this MO; otherwise, there is a one-OFDM-symbol gap after the MO.
	X2 is the number of actual OFDM symbols for LP-WUS transmission
	M is the number of MOs per SSB
Proposal 11:	Adopt TP3 in Appendix B.
Proposal 14:	Update the following agreement as below.
Agreement
If LP-SS or the next 2 OFDM symbols after a LP-SS overlap (including partial overlap) in time domain with the available symbols that may be used for LP-WUS transmission in a LP-WUS MO, UE does not monitor LP-WUS in this MO (i.e., the MO is dropped).
Proposal 15:	Adopt TP4 in Appendix B.

	[6] CATT
	Proposal 2: If the processing delay of LP-WUR is an issue, the LP-WUS detection/processing time should be determined by RAN4. Send LS to RAN4 and ask whether LP-WUR can monitor LP-WUS in two back-to-back MOs without any gap.

	[8] Samsung
	Proposal 3: A common gap can be configured between two LP-WUS nominal MOs to determine the start time location of a subsequent LP-WUS MO based on the previous LP-WUS MO.
•	Adopt TP#2 for TS 38.213.
Proposal 4: For the gap between a LP-WUS MO and a LP-SS occasion, it can be up to gNB’s configuration to reserve the gaps, if needed.

	[9] Ericsson
	Proposal 3	No explicit gap is introduced between two consecutive LP-WUS nominal MOs. 
Observation 1	If the LP-WUS configuration results in the scenario that UE would monitor two consecutive MOs without a time gap, the UE may skip monitoring the last symbol of the first MO and/or the first symbol of the second MO.
Proposal 4	No explicit gap is introduced between adjacent LP-WUS MO and LP-SS.
Observation 2	If the configuration results in no time gap between LP-WUS MO and LP-SS, the UE with OOK-based WUR may skip monitoring the first or last symbol of the LP-WUS MO.

	[10] LG
	Proposal #1: Do not introduce any gap between adjacent MOs within LO in IDLE/INACTIVE mode.

	[12] Nokia
	Observation 2: 	As UE has the exact information in which symbols the actual WUS may be transmitted, it would seem sufficient to consider only need for the gap between actual WUS symbols (of two consecutive WUS’es).
Observation 3: 	If a gap between symbols of consecutive actual WUS is needed, it would appear to be possible to achieve this via configuration of nominal MO duration, actual WUS duration and available symbols accordingly.
Observation 4: 	If a gap between symbols of LPSS and WUS is needed, consider that it is achieved via configuration of nominal MO duration, actual WUS duration and available symbols accordingly, or that the range symbols deemed unavailable by LPSS are extended.
Proposal 3: 	The gap between two consecutive actual WUS and WUS and LPSS can be handled by nominal MO configuration.

	[15] Apple
	Proposal 3-1: If the last symbol a UE monitors in a LP-WUS MO is adjacent to the first symbol a UE monitors in the next LP-WUS MO, the UE is not required to monitor the second LP-WUS MO.
· Note: this provides the UE a minimum of one symbol gap between the monitored symbols of two adjacent LP-WUS MOs.

	[17] DCM
	Proposal 1:
· For LP-WUS MOs in IDLE/INACTIVE modes, support Option 1-1 or Option 2
· Option 1: UE expects at least one OFDM symbol gap between two LP-WUS MOs.
· Option 1-1: This is ensured by gNB configuration.
· Option 2: No gap is introduced between two LP-WUS MOs. No specification impact.



Here is a summary of companies’ views in the contributions regarding the minimum gap between two consecutive LP-WUS MOs:
· Option 1: UE expects at least one OFDM symbol gap between the symbols monitored for two consecutive LP-WUS MOs.
· Option 1-1: a UE does not expect to monitor a LP-WUS in the last symbol of a nominal MO and another LP-WUS in the first symbol of the next nominal MO.
· vivo, Nokia, DCM
· This implies that the one-symbol gap should not be ensured by gNB configuration; otherwise UE behavior is not defined.
· Option 1-2: A common gap can be configured between two LP-WUS nominal MOs to determine the start time location of a subsequent LP-WUS MO based on the previous LP-WUS MO.
· Samsung
· Option 1-3: One OFDM symbol gap is introduced between two consecutive LP-WUS nominal MOs if the UE would monitor LP-WUS in the last symbol of the previous nominal MO and the first symbol of the next nominal MO.
· Option 1-4: For any of the first M-1 MOs associated with the same beam, if the X2-th available symbol of a MO is not the last one OFDM symbol of the MO, there is no gap needed after this MO; otherwise, there is a one-OFDM-symbol gap after the MO. Here M is the number of MOs per beam, and X2 is the number of actual OFDM symbols for LP-WUS.
· HW/HiSi
· Option 1-5: If the LP-WUS configuration results in the scenario that UE would monitor two consecutive MOs without a time gap, the UE may skip monitoring the last symbol of the first MO and/or the first symbol of the second MO.
· Ericsson, Apple (skip monitoring the second MO)
· Option 2: No gap is introduced between two LP-WUS MOs. No specification impact.
· LG, DCM
· Option 3: Send LS to RAN4 and ask whether LP-WUR can monitor LP-WUS in two back-to-back MOs without any gap.
· CATT

Majority of the companies are fine with having a minimum gap of one OFDM symbol, and prefer to let gNB handle the configuration and not to explicitly configure the gap. In fact, Option 1-1 and 1-5 are very similar, and the only difference is that Option 1-5 clearly defines the UE behavior if no such gap is provided by gNB configuration. This provides gNB slightly more flexibility. Therefore, the moderator proposes the following based on Option 1-5.
Proposal 1-1
Regarding the minimum gap between two LP-WUS MOs,
· No explicit gap is introduced between two consecutive LP-WUS nominal MOs. If the last symbol a UE monitors in a LP-WUS MO is adjacent to the first symbol a UE monitors in the next LP-WUS MO, the UE is not required to monitor the second LP-WUS MO.

	Company
	Comments

	
	

	
	

	
	

	
	




[Deferred]
For the gap between a LP-WUS MO and a LP-SS occasion, let us discuss it after the decision is made for LP-WUS MOs.

Issue#2: Corrections on frame-level offset in relationship to wake-up delay

The following has been agreed regarding the frame-level offset:
Agreement
For the offset value(s) between an LO and a reference PO/PF, at least a frame-level offset is provided.
· The reference point (reference PO/PF) for the frame-level offset is the start of the PF, or the first PF of the PF(s) (if mapping of POs from multiple PFs to one LO is supported), associated with the LO.
· FFS other offset value(s) to determine the MOs of the LO

Agreement
For the determination of starting time locations of LP-WUS MOs and LP-WUS transmissions in a LO, 
· A reference point is the start of a reference frame determined by the frame-level offset from the start of the first PF of the PF(s) associated with the LO.
· The starting time location of the first LP-WUS MO in a LO is indicated by an offset w.r.t. the reference point.
· FFS slot-level or symbol-level offset
· The starting time locations of the subsequent LP-WUS MOs in a LO are determined based one of the following alternatives:
· Alt 1: An offset is indicated for each of the subsequent LP-WUS MOs.
· FFS slot-level or symbol-level offset
· Alt 2: The start time location of a subsequent LP-WUS MO is determined implicitly at least based on the previous LP-WUS MO.
· FFS additional configuration to control the subsequent MO locations, e.g.,
· Alt 2A: configuration of a single gap between the end of the previous MO (or a set of previous MOs) and the start of the next MO
· Alt 2B: configuration of candidate starting locations for MOs, similar to search space configuration
· FFS restriction on MO locations, e.g. only on DL slots
· FFS minimum gap is needed between two MOs to ensure LR processing time

Agreement
For the offset value(s) between an LO and a reference PO/PF, adopt Option 2B-1.
· gNB can configure 1 or 2 offset values.
· FFS whether gNB can configure 3 offset values
· If multiple offset values are configured and if the gap between the LO associated with the largest offset value and the corresponding PO is no less than the wake-up delay a UE reports, the UE monitors the LO associated with the smallest offset value that has a gap between the LO and the PO no less than the wake-up delay.
· Note: if a single offset value is configured, UE behaviour is according to Option 1-1. 
· All the UEs supporting LP-WUS for idle/inactive mode supports the configuration of 2 offset values (FFS: 3 values).

Agreement
If the number of POs associated with a LO is less than Ns (the number of POs per PF), to determine the LP-WUS MOs for the multiple LOs with the same reference PF:
· Alt 1: additional frame-level offset(s) are configured.
· Common slot-level or symbol level offsets are shared across all LOs

From the RRC parameter list, the value range for LO_frame_offset(s) is given by:
1~2 LO_frame_offset lists. 
One LO_frame_offset list corresponding to longer UE wake-up delay, and another one LO_frame_offset list corresponding to shorter UE wake-up delay.  
For each offset list, it includes ceil(Ns/(PO-to-LO association)) offset values, and the value range for each is {8, 9, …, 200} in unit of frames

The following table collects companies’ proposed corrections on the determination of frame-level offset based on wake-up delay.
	[2] vivo
	Proposal 1: Adopt the following text proposal in red in TS 38.213.
	Reason for change:
	For the case that PO-to-LO association < Ns, a list of frame-level offsets are configured, but it is unclear for a UE to use which one to determine its associated LO.

	Summary of change:
	Add a LO and PO mapping description in the specification to help UE to determine its associated LO.

	Consequences if not approved:
	UE cannot figure out how to determine its associated LO, causing the ambiguity between UE and gNB.

	*** Unchanged parts are omitted ***
10.4C	PDCCH monitoring activation by WUS in RRC_IDLE/RRC_INACTIVE
*** Unchanged parts are omitted ***
A UE assumes that WUS occasions occur with a periodicity equal to the I-DRX cycle in the RRC_IDLE/RRC_INACTIVE state [17, TS 38.304]. The UE determines WUS occasions associated with a paging occasion based on PO-to-LO association. A reference frame of a WUS occasion starts a number of frames prior to the first of a number of paging frames associated with the WUS occasion. Each number of frames is provided by LO-FrameOffsets. The first WUS monitoring occasion of a WUS occasion starts at an offset provided by offset_firstMO_withinLO relative to the start of the reference frame. If multiple values for the number of frames provided by LO-FrameOffsets are larger than or equal to the value of XYZ, the UE monitors WUS starting at a WUS occasion corresponding to the smallest of the multiple values. If all values for the number of frames provided by LO-FrameOffsets are smaller than the value of XYZ, the UE monitors PDCCH according to Type2-PDCCH CSS sets associated with the paging occasion and does not monitor WUS. For the case that PO-to-LO association is smaller than Ns, a UE applies the -th value out of  values of the higher layer configured frame-level offset list provided by LO-FrameOffsets, where Ns,  are defined in [17, TS 38.304].
*** Unchanged parts are omitted ***



Proposal 2: Adopt the following text proposal in red in TS 38.213.
	[bookmark: _Hlk209638033]Reason for change:
	[bookmark: _Hlk209638130]In current spec, it uses frame-level offsets provided by LO-FrameOffsets which also includes the length of LO to compare with UE wake-up delay which is not aligned with RAN1 agreement made in RAN1 #118bis on the definition of the time gap between LO and PO. 

	Summary of change:
	To algin with RAN1 agreement on the time gap between LO and PO.

	Consequences if not approved:
	[bookmark: _Hlk209638073]The current specification is not aligned with RAN1 agreement, resulting in incorrect UE monitoring behavior.

	*** Unchanged parts are omitted ***
10.4C	PDCCH monitoring activation by WUS in RRC_IDLE/RRC_INACTIVE
*** Unchanged parts are omitted ***
[bookmark: _Hlk206609495]A UE assumes that WUS occasions occur with a periodicity equal to the I-DRX cycle in the RRC_IDLE/RRC_INACTIVE state [17, TS 38.304]. The UE determines WUS occasions associated with a paging occasion based on PO-to-LO association. A reference frame of a WUS occasion starts a number of frames prior to the first of a number of paging frames associated with the WUS occasion. Each number of frames is provided by LO-FrameOffsets. The first WUS monitoring occasion of a WUS occasion starts at an offset provided by offset_firstMO_withinLO relative to the start of the reference frame. If the time gap between the end of the last WUS monitoring occasion of the WUS occasion in the WUS occasion(s) associated with the one or multiple values for number of frames provided by LO-FrameOffsets and the start of the first of a number of paging frames associated with the WUS occasion are larger than or equal to the value of XYZ, the UE monitors WUS starting at a WUS occasion corresponding to the smallest of the one or multiple values. If the time gap between the end of the last WUS monitoring occasion of the WUS occasion in the WUS occasion(s) associated with all values for number of frames provided by LO-FrameOffsets and the start of the first of a number of paging frames associated with the WUS occasion are smaller than the value of XYZ, the UE monitors PDCCH according to Type2-PDCCH CSS sets associated with the paging occasion and does not monitor WUS.
A paging occasion associated with a WUS occasion has index  where  is a number of paging occasions associated with a WUS occasion, , , , and  are defined in [17, TS 38.304], and  is defined in clause 7.1 of [17, TS 38.304]. If a number of  subgroups per paging occasion, provided by subgroupNumber-PO-WUS, is , the codepoint for the subgroup index  in a PO  is, and the codepoint for all subgroups in the PO is; otherwise, the codepoint for the PO  is
If, in a WUS monitoring occasion, a UE determines a codepoint associated with the UE [17, TS 38.304], the UE performs PDCCH monitoring according to Type2-PDCCH CSS sets for the paging occasion associated with the WUS monitoring occasion when a time from the end of the WUS reception to the start of the PDCCH monitoring occasion is not smaller than the value of XYZ; otherwise, the UE is not required to perform the PDCCH monitoring. The UE may also perform PDCCH monitoring for Type2A-PDCCH CSS sets for DCI format 2_7, if provided. 
*** Unchanged parts are omitted **




	[3] HW/HiSi
	Proposal 23:	When one frame-level offset is configured, if the gap from the end of LO to the start of PO is larger than wake-up delay, the UE shall monitor LO.
Proposal 24:	When multiple frame-level offsets are configured, if all gaps from the end of LOs to the start of PO are larger than the wake-up delay, the UE shall monitor LO corresponding to the smallest gap. 
Proposal 25:	Adopt TP7 in Appendix B.

	[8] Samsung
	Proposal 5: Suggest to capture time location of LO in TS 38.213 following the same logic for PEI.
Proposal 6: Adopt TP#3 for TS 38.213.

	[9] Ericsson
	[bookmark: _Toc210396403]Adopt the TP (in Table 1 of this paper) for Clause 10.4C in TS 38.213 for UE behavior on WUS monitoring with regard to the configured LO-FrameOffsets.
· Reason for change: 1) missing UE WUS monitoring behavior when a single frame offset value is configured and 2) current specification text needs updates to align with the UE behavior on WUS monitoring considering the configured LO-FrameOffsets as in the existing RAN1 agreements.
· Summary of change: 1) extend the texts to include the case of single frame offset configuration and 2) update the description to align the UE WUS monitoring behavior with the RAN1 agreements.  
· Consequences if not approved: UE behavior on WUS monitoring for the single offset case is missing and UE behavior considering multiple configured LO-FrameOffsets does not align with the existing RAN1 agreements.   

Table 1: Text proposal for sub-clause 10.4C of TS 38.213.
	---------------------------------Start of Text Proposal on 3GPP TS 38.213 V19.0.0-----------------------
10.4C	PDCCH monitoring activation by WUS in RRC_IDLE/RRC_INACTIVE
A UE configured with DRX mode operation and operating in the RRC_IDLE or RRC_INACTIVE state can be provided for LPSS/WUS reception 
-	a number of OOK symbols per OFDM symbol, a first RB, and an overlaid OFDM sequence per OOK symbol for LPSS reception, and an EPRE ratio relative to SS/PBCH blocks [4, TS 38.211], 
-	a number of OOK symbols per OFDM symbol, the first RB, and one or more overlaid OFDM sequences per OOK symbol for WUS reception, and an EPRE ratio relative to SS/PBCH blocks [4, TS 38.211], and
<Unchanged parts are omitted>
A UE assumes that WUS occasions occur with a periodicity equal to the I-DRX cycle in the RRC_IDLE/RRC_INACTIVE state [17, TS 38.304]. The UE determines WUS occasions associated with a paging occasion based on PO-to-LO association. A reference frame of a WUS occasion starts a number of frames prior to the first of a number of paging frames associated with the WUS occasion. Each number of frames is provided by LO-FrameOffsets. The first WUS monitoring occasion of a WUS occasion starts at an offset provided by offset_firstMO_withinLO relative to the start of the reference frame. If multiple values for the number of frames provided by LO-FrameOffsets are larger than or equal to the value of XYZ, the UE monitors WUS starting at a WUS occasion corresponding to the smallest of the multiple values. If all values for the number of frames provided by LO-FrameOffsets are smaller than the value of XYZ, the UE monitors PDCCH according to Type2-PDCCH CSS sets associated with the paging occasion and does not monitor WUS. If the time gap between the end of the last WUS monitoring occasion the UE would monitor in the WUS occasion(s) associated with the one or multiple values for the number of frames provided by LO-FrameOffsets and the start of the first PO in the paging frames associated with the WUS occasion are larger than or equal to the value of XYZ, the UE monitors WUS starting at the WUS occasion corresponding to the smallest of the one or multiple values. If the time gap between the end of the last WUS monitoring occasion the UE would monitor in the WUS occasion(s) associated with all values for the number of frames provided by LO-FrameOffsets and the start of the first PO in the paging frames associated with the WUS occasion are smaller than the value of XYZ, the UE monitors PDCCH according to Type2-PDCCH CSS sets associated with the paging occasion and does not monitor WUS.
<Unchanged parts are omitted>
---------------------------------End of Text Proposal on 3GPP TS 38.213 V19.0.0-----------------------




	[13] Sharp
	· TP on the multiple values for WUS monitoring occasion selection
	Reason for change:
	LO-FrameOffsets is provided as a two-dimensional structure, consisting of offsetForLongerWakeUpDelay and offsetForShorterWakeUpDelay. Each of these includes CEIL(Ns / lpwus-PoNumPerLo) values.  it is not clear how to get the “multiple values”  from LO-FrameOffsets for comparison with XYZ.

	Summary of change:
	Add the values selection procedures  for offset comparison.

	Consequences if not approved:
	UE cannot figure out how to determine its associated LO, can cause the ambiguity.


---------------begin of draft TP2 on TS 38.213---------------------------------------------
10.4C	PDCCH monitoring activation by WUS in RRC_IDLE/RRC_INACTIVE
*** Unchanged parts are omitted ***
[bookmark: OLE_LINK1]A UE assumes that WUS occasions occur with a periodicity equal to the I-DRX cycle in the RRC_IDLE/RRC_INACTIVE state [17, TS 38.304]. The UE determines WUS occasions associated with a paging occasion based on PO-to-LO association. A reference frame of a WUS occasion starts a number of frames prior to the first of a number of paging frames associated with the WUS occasion. Each number of frames is provided by LO-FrameOffsets. The first WUS monitoring occasion of a WUS occasion starts at an offset provided by offset_firstMO_withinLO relative to the start of the reference frame. If multiple values for the number of frames provided by LO-FrameOffsets are larger than or equal to the value of XYZ, the UE monitors WUS starting at a WUS occasion corresponding to the smallest of the multiple values. If all values for the number of frames provided by LO-FrameOffsets are smaller than the value of XYZ, the UE monitors PDCCH according to Type2-PDCCH CSS sets associated with the paging occasion and does not monitor WUS. For the case where PO-to-LO association is not smaller than Ns, the multiple values are the first value(s)  of the higher layer configured frame-level offsets with offsetForLongerWakeUpDelay and offsetForShorterWakeUpDelay if provided by lpwus-LoFrameOffsetList, and in the case that PO-to-LO association is smaller than Ns , the multiple values are the -th value(s) of the higher layer configured frame-level offsets with offsetForLongerWakeUpDelay and offsetForShorterWakeUpDelay if provided by lpwus-LoFrameOffsetList, where Ns,  are defined in [17, TS 38.304].
---------------end of draft TP2 on TS 38.213-------------------------------------------------

Proposal 2: Adopt TP2 to clarify the frame-level offset values selection for WUS occasion. 
Proposal 3:   Define XYZ using the UE-reported delay along with duration of the nominal MO and the distance between the PO and the reference PF.
Proposal 4:  Consider one of options on the configured two frame-level offset values for one PO
· Option 1: Leave it to the gNB’s configuration, and the UE follows the indication when monitoring LP-WUS in an associated LO.
· Option 2: Impose restrictions on the configured values with a same index in  offsetForLongerWakeUpDelay and offsetForShorterWakeUpDelay  to avoid overlapping LOs.

	[15] Apple
	Proposal 3-2: The LO determination based on lpwus-LoFrameOffsetList is clarified as follows:
· If the number of POs associated with a LO is less than Ns (the number of POs per PF), the UE uses the ()-th value in offsetForLongerWakeUpDelay (if configured) and offsetForShorterWakeUpDelay (if configured) provided by lpwus-LoFrameOffsetList.
· If both offsetForLongerWakeUpDelay and offsetForShorterWakeUpDelay are configured,
· If the gap between the end of the last WUS monitoring occasion the UE would monitor in the LO associated with the value in offsetForShorterWakeUpDelay and the start of the corresponding PO is no less than the wake-up delay a UE reports, the UE monitors the LO associated with the value in offsetForShorterWakeUpDelay;
· Otherwise if the gap between the end of the last WUS monitoring occasion the UE would monitor in the LO associated with the value in offsetForLongerWakeUpDelay and the start of the corresponding PO is no less than the wake-up delay a UE reports, the UE monitors the LO associated with the value in offsetForLongerWakeUpDelay;
· Otherwise, the UE monitors legacy PO.
· If only one of offsetForLongerWakeUpDelay and offsetForShorterWakeUpDelay is configured,
· If the gap between the end of the last WUS monitoring occasion the UE would monitor in the LO associated with the value in offsetForLongerWakeUpDelay or offsetForShorterWakeUpDelay (whichever is configured) and the start of the corresponding PO is no less than the wake-up delay a UE reports, the UE monitors the LO;
· Otherwise, the UE monitors legacy PO.

Proposal 3-3: The LO determination based on lpwus-LoFrameOffsetList is captured in TS 38.304. Adopt the following TP for TS 38.213:
	10.4C	PDCCH monitoring activation by WUS in RRC_IDLE/RRC_INACTIVE
<unchanged text omitted>
A UE determines the first frame for the WUS occasion according to the procedure defined in [17, TS 38.304] A UE assumes that WUS occasions occur with a periodicity equal to the I-DRX cycle in the RRC_IDLE/RRC_INACTIVE state [17, TS 38.304]. The UE determines WUS occasions associated with a paging occasion based on PO-to-LO association. A reference frame of a WUS occasion starts a number of frames prior to the first of a number of paging frames associated with the WUS occasion. Each number of frames is provided by LO-FrameOffsets. The first WUS monitoring occasion of a WUS occasion starts at an offset provided by offset_firstMO_withinLO relative to the start of the first reference frame. If multiple values for the number of frames provided by LO-FrameOffsets are larger than or equal to the value of XYZ, the UE monitors WUS starting at a WUS occasion corresponding to the smallest of the multiple values. If all values for the number of frames provided by LO-FrameOffsets are smaller than the value of XYZ, the UE monitors PDCCH according to Type2-PDCCH CSS sets associated with the paging occasion and does not monitor WUS.




	[10] Ericsson
	[bookmark: _Toc206162902]Adopt the TP (in Table 1 of this paper) for Clause 10.4C in TS 38.213 for UE behavior on WUS monitoring with regard to the configured LO-FrameOffsets.
· Reason for change: 1) missing UE WUS monitoring behavior when a single frame offset value is configured and 2) current specification text needs updates to align with the UE behavior on WUS monitoring considering the configured LO-FrameOffsets as in the existing RAN1 agreements.
· Summary of change: 1) extend the texts to include the case of single frame offset configuration and 2) update the description to align the UE WUS monitoring behavior with the RAN1 agreements.  
· Consequences if not approved: UE behavior on WUS monitoring for the single offset case is missing and UE behavior considering multiple configured LO-FrameOffsets does not align with the existing RAN1 agreements.   

Table 1: Text proposal for sub-clause 10.4C of TS 38.213.
	---------------------------------Start of Text Proposal on 3GPP TS 38.213 V19.0.0-----------------------
10.4C	PDCCH monitoring activation by WUS in RRC_IDLE/RRC_INACTIVE
A UE configured with DRX mode operation and operating in the RRC_IDLE or RRC_INACTIVE state can be provided for LPSS/WUS reception 
-	a number of OOK symbols per OFDM symbol, a first RB, and an overlaid OFDM sequence per OOK symbol for LPSS reception, and an EPRE ratio relative to SS/PBCH blocks [4, TS 38.211], 
-	a number of OOK symbols per OFDM symbol, the first RB, and one or more overlaid OFDM sequences per OOK symbol for WUS reception, and an EPRE ratio relative to SS/PBCH blocks [4, TS 38.211], and
<Unchanged parts are omitted>
A UE assumes that WUS occasions occur with a periodicity equal to the I-DRX cycle in the RRC_IDLE/RRC_INACTIVE state [17, TS 38.304]. The UE determines WUS occasions associated with a paging occasion based on PO-to-LO association. A reference frame of a WUS occasion starts a number of frames prior to the first of a number of paging frames associated with the WUS occasion. Each number of frames is provided by LO-FrameOffsets. The first WUS monitoring occasion of a WUS occasion starts at an offset provided by offset_firstMO_withinLO relative to the start of the reference frame. If multiple values for the number of frames provided by LO-FrameOffsets are larger than or equal to the value of XYZ, the UE monitors WUS starting at a WUS occasion corresponding to the smallest of the multiple values. If all values for the number of frames provided by LO-FrameOffsets are smaller than the value of XYZ, the UE monitors PDCCH according to Type2-PDCCH CSS sets associated with the paging occasion and does not monitor WUS. If the time gap between the end of the last WUS monitoring occasion the UE would monitor in the WUS occasion(s) associated with the one or multiple values for the number of frames provided by LO-FrameOffsets and the start of the first PO in the paging frames associated with the WUS occasion are larger than or equal to the value of XYZ, the UE monitors WUS starting at the WUS occasion corresponding to the smallest of the one or multiple values. If the time gap between the end of the last WUS monitoring occasion the UE would monitor in the WUS occasion(s) associated with all values for the number of frames provided by LO-FrameOffsets and the start of the first PO in the paging frames associated with the WUS occasion are smaller than the value of XYZ, the UE monitors PDCCH according to Type2-PDCCH CSS sets associated with the paging occasion and does not monitor WUS.
<Unchanged parts are omitted>
---------------------------------End of Text Proposal on 3GPP TS 38.213 V19.0.0-----------------------




	[11] Sharp
	Proposal 2: Retain the current wording regarding the comparison between XYZ and LO frame offsets, and define XYZ using the UE-reported delay along with other RRC configuration parameters.
Proposal 3:  Consider one of options on the configuration two offset value 
· Option 1: Leave it to the gNB’s configuration, and the UE follows the indication when monitoring LP-WUS in an associated LO.
· Option 2: Impose restrictions on the configured values of offset 0 and offset 1 to avoid overlapping LOs.



There are a few issues being discussed regarding the text on frame-level offset:
· The description is not clear regarding which value in LO-FrameOffsets is applied, especially when the number of POs per LO < Ns.
· The case with a single value in LO-FrameOffsets is not clearly captured.
· The definition of the gap between the LO and PO does not align with RAN1 agreement.
· The determination of LO is captured in TS 38.304 by RAN2. Duplicated description.
· TS 38.304 has the following for LP-WUS monitoring. Note that the description is not accurate either regarding how to apply the frame-level offset.
	TS 38.304
7.x LP-WUS monitoring
7.x.0 General
The UE supporting LP-WUS may monitor LP-WUS in RRC_IDLE and RRC_INACTIVE states in order to reduce power consumption. If LP-WUS configuration is provided in system information, the UE in RRC_IDLE or RRC_INACTIVE state supporting LP-WUS (except for the UEs expecting MBS group notification) may start LP-WUS monitoring using LP-WUS parameters in system information according to the procedure described below if the entry condition in clause 7.x.1 is fulfilled. The UE may stop LP-WUS monitoring and follows the paging monitoring procedure as described in clause 7.1 or 7.2 if the exit condition in clause 7.x.1 is fulfilled.
If the UE detects LP-WUS and the LP-WUS is associated with the UE as specified in clause 10.4C in TS 38.213 [4], the UE monitors the associated PO as specified in clause 7.1 or monitors PEI as specified in clause 7.2 if PEI is supported and PEI configuration is provided in system information, which is up to UE implementation. If the UE does not detect an LP-WUS on the monitored LP-WUS occasion (LO) or the LP-WUS is not associated with the UE as specified in clause 10.4C in TS 38.213 [4], the UE is not required to monitor the associated PO as specified in clause 7.1. 
The UE monitors one LO per DRX cycle. An LO is a set of LP-WUS monitoring occasions (LP-WUS MOs). In multi-beam operations, the UE assumes that the same LP-WUS is repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the LP-WUS is up to UE implementation.
The time location of an LO for UE’s PO is determined by a reference PF/PO and the configured frame-level offset:
· The reference PF/PO is the start of the PF, or the first PF of the PF or PFs (if mapping of POs from multiple PFs to one LO is configured), associated with the LO. The reference PF/PO for the LO of a PO is provided by (SFN for PF) – floor(iPO/NS) *T/N, where SFN for PF is determined in clause 7.1, iPO is defined in clause 10.4C in TS 38.213 [4], T, Ns, and N are determined in clause 7.1.
· The frame-level offset between the LO and the reference PF/PO is provided by lpwus-LoFrameOffsetList in SIB1.
If single value is configured for lpwus-LoFrameOffsetList, and if the gap between the LO and the corresponding PO is no less than the wake-up delay that a UE supports, the UE monitors the LO associated with the offset, otherwise the UE follows the paging monitoring procedure as described in clause 7.1 or 7.2.
If more than one values are configured for lpwus-LoFrameOffsetList, and if the gap between the LO associated with at least one offset and the corresponding PO is no less than the wake-up delay that a UE supports, the UE monitors the LO associated with the smallest offset value with which the gap between the LO and the corresponding PO is no less than the wake-up delay, otherwise the UE follows the paging monitoring procedure as described in clause 7.1 or 7.2.
If the UE in RRC_IDLE and RRC_INACTIVE is unable to monitor the LP-WUS occasion in all MO corresponding to its PO, the UE follows the paging monitoring procedure as described in clause 7.1 or 7.2.
In RRC_INACTIVE state, when the UE uses the same i_s as for RRC_IDLE state as specified in clause 7.1, the UE shall use the same iPO for LP-WUS as for RRC_IDLE state. Otherwise, the UE determines the iPO for LP-WUS based on the i_s for RRC_INACTIVE state.




As a first step, we should align the understanding on how lpwus-LoFrameOffsetList is used to determine the LO.

Proposal 2-1
The LO determination based on lpwus-LoFrameOffsetList is clarified as follows:
· If the number of POs associated with a LO is less than Ns (the number of POs per PF), the UE uses the ()-th value in offsetForLongerWakeUpDelay (if configured) and offsetForShorterWakeUpDelay (if configured) provided by lpwus-LoFrameOffsetList.
· If both offsetForLongerWakeUpDelay and offsetForShorterWakeUpDelay are configured,
· If the gap between the end of the last LP-WUS MO the UE would monitor in the LO associated with the value in offsetForShorterWakeUpDelay and the start of the corresponding PO is no less than the wake-up delay a UE reports, the UE monitors the LO associated with the value in offsetForShorterWakeUpDelay;
· Otherwise if the gap between the end of the last LP-WUS MO the UE would monitor in the LO associated with the value in offsetForLongerWakeUpDelay and the start of the corresponding PO is no less than the wake-up delay a UE reports, the UE monitors the LO associated with the value in offsetForLongerWakeUpDelay;
· Otherwise, the UE monitors legacy PO.
· If only one of offsetForLongerWakeUpDelay and offsetForShorterWakeUpDelay is configured,
· If the gap between the end of the last LP-WUS MO the UE would monitor in the LO associated with the value in offsetForLongerWakeUpDelay or offsetForShorterWakeUpDelay (whichever is configured) and the start of the corresponding PO is no less than the wake-up delay a UE reports, the UE monitors the LO;
· Otherwise, the UE monitors legacy PO.
	Company
	Comments

	
	

	
	

	
	

	
	



Secondly, we need to decide where/how to capture it.

Question 2-2
Regarding where to capture the determination of LO using lpwus-LoFrameOffsetList, please share your preference on the following options:
· Option 1: It is captured in TS 38.213. RAN1 asks RAN2 to remove the same behavior from TS 38.304.
· TP for TS 38.213 will be discussed later.
· Option 2: It is captured in TS 38.304.
· RAN1 sends an LS to RAN2 on the agreed clarification on how to use lpwus-LoFrameOffsetList.

	Company
	Comments

	
	

	
	

	
	

	
	




Issue#3: Corrections on unit-level and symbol-level bitmap
The following was agreed:
Agreement
For UE to determine whether a symbol is available for LP-WUS, at least the following is supported:
· A unit-level bitmap with a periodicity 10, 20, or 40 units and a 14-bit or 28-bit symbol-level bitmap that covers 1 or 2 slots can be configured, where each unit is 1 or 2 slots for 14-bit or 28-bit symbol-level bitmap, respectively, with a maximum periodicity of 40ms.
· ‘1’ in unit-level bitmap means the symbol level bitmap is applied to determine which symbols are unavailable in the unit for LP-WUS (‘0’ means unavailable).
· ‘0’ in unit-level bitmap means: all the symbols in the unit are unavailable for LP-WUS
· If the slot-level bitmap is not configured, UE assumes all 1’s for the bitmap.
· If the symbol-level bitmap is not configured, UE assumes all 1’s for the bitmap.

	[1] Huawei/HiSi
	Proposal 19:	If the symbol-level bitmap is not configured, the unit is one slot.
Proposal 20:	The reference point of the unit-level bitmap of LP-WUS available symbol is SFN 0.
Proposal 21:	Adopt TP6 in Appendix C.

	[15] Apple
	Proposal 3-4: Adopt the following TP for TS 38.213:
	10.4C	PDCCH monitoring activation by WUS in RRC_IDLE/RRC_INACTIVE
<unchanged text omitted>
A UE can be provided, by WUS_available_slot_IDLE/INACTIVE, a bitmap that corresponds to a set of time units that repeats continuously and indicates a subset of time units from the set of time units that is available for the UE to monitor WUS [12, TS 38.331]. A time unit includes one slot or two slots. A set of time units includes a total of either 10, or 20, or 40 time units. A duration , in msec, of the set of time units has maximum value of 40 msec. The first symbol of the set of time units every 40 msec/ periods is a first symbol in frame  mod 4 = 0. The UE can be additionally provided, by WUS_available_symbol_IDLE/INACTIVE, an indication of symbols in each time unit from the subset of time units that is available for the UE to monitor WUS. If the UE is not provided WUS_available_slot_IDLE/INACTIVE, the UE assumes that all time units are available for the UE to monitor WUS. If the UE is not provided WUS_available_symbol_IDLE/INACTIVE, the UE assumes a time unit of one slot, that, and for a time unit that is available for the UE to monitor WUS, all symbols in the time unit are available for the UE to monitor WUS. The UE assumes that a symbol is not available to monitor WUS when
-	the symbol is indicated as uplink, by tdd-UL-DL-configurationCommon 
-	the symbol is indicated for an SS/PBCH block transmission, by ssb-PositionsInBurst in SIB1, and the SS/PBCH block transmission would overlap in frequency with the WUS transmission
-	the symbol is indicated for PDCCH transmissions, by pdcch-ConfigSIB1, and CORESET 0 for the PDCCH transmissions would overlap in frequency with the WUS transmission
<unchanged text omitted>






The current specification is not clear for the case when WUS_available_slot_IDLE/INACTIVE is configured but  WUS_available_symbol_IDLE/INACTIVE is not configured, because in this case the length of a time unit is not available (which is determined based on the length of WUS_available_symbol_IDLE/INACTIVE). The easiest fix is to assume a time unit of one slot for this case. The RRC parameter names are also aligned with TS 38.331 in the TP below.
Proposal 3-1
Adopt the following TP for TS 38.213:
	10.4C	PDCCH monitoring activation by WUS in RRC_IDLE/RRC_INACTIVE
< unchanged text omitted >
A UE can be provided, by WUS_available_slot_IDLE/INACTIVE, a bitmap that corresponds to a set of time units that repeats continuously and indicates a subset of time units from the set of time units that is available for the UE to monitor WUS [12, TS 38.331]. A time unit includes one slot or two slots. A set of time units includes a total of either 10, or 20, or 40 time units. A duration , in msec, of the set of time units has maximum value of 40 msec. The first symbol of the set of time units every 40 msec/ periods is a first symbol in frame  mod 4 = 0. The UE can be additionally provided, by WUS_available_symbol_IDLE/INACTIVE, an indication of symbols in each time unit from the subset of time units that is available for the UE to monitor WUS. If the UE is not provided WUS_available_slot_IDLE/INACTIVE, the UE assumes that all time units are available for the UE to monitor WUS. If the UE is not provided WUS_available_symbol_IDLE/INACTIVE, the UE assumes a time unit of one slot, that, and for a time unit that is available for the UE to monitor WUS, all symbols in the time unit are available for the UE to monitor WUS. The UE assumes that a symbol is not available to monitor WUS when
-	the symbol is indicated as uplink, by tdd-UL-DL-configurationCommon 
-	the symbol is indicated for an SS/PBCH block transmission, by ssb-PositionsInBurst in SIB1, and the SS/PBCH block transmission would overlap in frequency with the WUS transmission
-	the symbol is indicated for PDCCH transmissions, by pdcch-ConfigSIB1, and CORESET 0 for the PDCCH transmissions would overlap in frequency with the WUS transmission
< unchanged text omitted >



	Reason for change:
	The time unit is not defined if WUS_available_symbol_IDLE/INACTIVE is not provided.

	Summary of change:
	The reference point for applying unit-level bitmap is defined as SFN0. The time unit is defined as one slot if WUS_available_symbol_IDLE/INACTIVE is not provided.

	Consequences if not approved:
	How to apply the unit-level and symbol-level bitmap is not clear.



	Company
	Comments

	
	

	
	

	
	

	
	

	
	



Issue#4: Interaction with R19 PO adaptation feature in NES
For the interaction with R19 PO adaptation feature in NES, the following was proposed by companies.
	[2] vivo
	Proposal 6: Support option3: Add a new RRC parameter e.g., LO_frame_offset(s)_NES for UE supporting with NES to apply R19 LP-WUS as follows....
· Description: To configure the offset value(s) between an LO and a reference PO/PF, at least a frame-level offset is provided.
· The reference point (reference PO/PF) for the frame-level offset is the start of the PF, or the first PF of the PF(s) (if mapping of POs from multiple PFs to one LO is supported), associated with the LO
· Value range:
· 1~2 LO_frame_offset lists. One LO_frame_offset list correposnding to longer UE wake-up delay, and another one LO_frame_offset list corresponding to shorter UE wake-up delay.  
· For each offset list, it includes ceil(Ns/(PO-to-LO association)) offset values, and the value range for each is {8, 9, …, 300} in unit of frames
· Type: Cell specific 


	[3] HW/HiSi
	Proposal 8:	R19 LP-WUS applies to legacy POs only, it does not apply to R19 POs configured by R19 paging configuration.
	When gNB configures R19 LP-WUS and R19 NES-oriented POs simultaneously, for a UE supporting both features, the UE does not monitor LP-WUS.
Proposal 9:	Adopt TP2 in Appendix B.

	[9] Ericsson
	Observation 4	Interaction between Rel-19 LP-WUS and Rel-19 paging adaptation configurations can also be discussed in RAN2.
Proposal 6	Support that gNB can configure both Rel-19 LP-WUS and Rel-19 paging adaptation, and when they are configured, two LP-WUS configurations are provided, where one is for legacy POs, the other one is for Rel-19 POs (if the discussion is done in RAN1).




Proposal 4-1
R19 LP-WUS and R19 paging configuration adaptation can be configured by gNB simultaneously. When both are configured,
· Option 1: For a UE supporting both features, it monitors R19 POs only and does not monitor LP-WUS.
· Option 2: For a UE supporting both features, it can monitor LP-WUS for R19 POs. A new RRC parameter lpwus-LoFrameOffsetList-NES (with the same structure as lpwus-LoFrameOffsetList) is introduced for the UE to determine the LO for R19 POs.

Please share your views on which option you prefer.
	Company
	Comments

	
	

	
	

	
	





Issue#5: RRM measurement

	[3] vivo
	[bookmark: _Ref197711539]Proposal 4: Adopt the following text proposal modified in red in TS 38.215.
	Reason for change:
	To clarify the SSB set based on which OFDM-based WUR perform measurement.

	Summary of change:
	For OFDM-based WUR, if LP-WUS/LP-SS beam subset is provided, SS-RSRP is measured only from the indicated set of SS/PBCH block(s) by LP-WUS/LP-SS beam subset, otherwise, SS-RSRP is measured only from the indicated set of SS/PBCH block(s) by ssb-PositionsInBurst.

	Consequences if not approved:
	Agreements are not clearly reflected in the specification.

	*** Unchanged parts are omitted *** 
	Definition
	SS reference signal received power (SS-RSRP) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals. The measurement time resource(s) for SS-RSRP are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration, except when measurement is being performed by wake-up receiver (WUR). If SS-RSRP is used for L1-RSRP as configured by reporting configurations as defined in TS 38.214 [6], the measurement time resources(s) restriction by SMTC window duration is not applicable.

For SS-RSRP determination demodulation reference signals for physical broadcast channel (PBCH) and, if indicated by higher layers, CSI reference signals in addition to secondary synchronization signals may be used. SS-RSRP using demodulation reference signal for PBCH or CSI reference signal shall be measured by linear averaging over the power contributions of the resource elements that carry corresponding reference signals taking into account power scaling for the reference signals as defined in TS 38.213 [5]. If SS-RSRP is not used for L1-RSRP, the additional use of CSI reference signals for SS-RSRP determination is not applicable.

SS-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity.

If SS-RSRP is not used for L1-RSRP and higher-layers indicate certain SS/PBCH blocks for performing SS-RSRP measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).
For SS-RSRP is being performed by wake-up receiver (WUR), SS-RSRP is measured only from the indicated set of SS/PBCH block(s) by higher-layers parameter LP-WUS/LP-SS beam subset, if provided. Otherwise, SS-RSRP is measured only from the indicated set of SS/PBCH block(s) by higher-layers parameter ssb-PositionsInBurst.

For frequency range 1, the reference point for the SS-RSRP shall be the antenna connector of the UE. For frequency range 2, SS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRP value shall not be lower than the corresponding SS-RSRP of any of the individual receiver branches.


*** Unchanged parts are omitted ***



Proposal 5: The current specification on the definition of value unit for LP-RSRP and LP-RSSI is clear enough, and no specification change is needed.


	[3] HW/HiSi
	Observation 1: For SSB-based measurement in legacy, the unit of RSRP value is dBm per RE and the unit of RSSI value is dBm per 20RBs, the RSRQ = 20*RSRP/RSSI.
Observation 2: Based on the TS38.215 V19.0.0, the unit of the LP-RSRP value and the unit of the LP-RSSI value are different.
Proposal 18:	RAN1 concludes that both the unit of the LP-RSRP value and the LP-RSSI value are dBm per 11 RBs. 
	The value range of LP-RSRP related threshold is INTEGER(0..127), and the actual value of LP-RSRP related threshold is (IE value – 135) dBm.
Proposal 19:	RAN1 concludes that CP should be excluded for LP-RSRP measurement
Proposal 20:	Adopt TP5 in Appendix B.

	[12] Nokia
	Observation 1:	For the OFDM-based WUR, the time domain resources for RSSI in the SS-RSRQ would need to be defined.
Proposal 1: 	For OFDM-based WUR SS-RSRQ measurement metric, clarify that measurementSlots and endSymbol are not applicable and that RSSI is measured over the fixed set of symbols in the slots containing the SSB(s). Down select among following options for the RSSI measurement symbols:
•	same symbols as for the SSB, or
•	symbols as determined for configuration endSymbol=1 (i.e. {0,1,2..,11} for SCS<480kHz) is the slot where SSB is received.

Proposal 2: 	LP-RSRP and LP-RSRQ measurements should be associated to a particular beam. Update the LP-RSRP and LP-RSRQ metric definitions for example as follows: “LP-RSRP shall be measured only among the reference signals corresponding to LP-SS associated with serving cell and the same SS/PBCH block index.”, as per draft TP to TS38.215:
	Change reason: The definition of restricting LP-RSRP measurements to reference signals associated to the same SS/PBCH block and Cell ID is missing. 
Change summary: Introduce text conveying the restriction to limit a LP-RSRP to same beam. 
Consequence if not approved: There may be ambiguity how LP-RSRP measurement is carried out by an UE leading to inconsistent UE behaviour.

	5.1.53	Low power reference signal received power (LP-RSRP)

	Definition
	Low power reference signal received power (LP-RSRP) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry on-off keying (OOK) ON symbols of Low power synchronization signals (LP-SS). 

LP-RSRP shall be measured only among the reference signals corresponding to LP-SS associated the same SS/PBCH block index and the same physical-layer cell identity.

For frequency range 1, the reference point for the LP-RSRP shall be the antenna connector of the UE. For frequency range 2, LP-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported LP-RSRP value shall not be lower than the corresponding LP-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_IDLE for serving cell,
RRC_INACTIVE for serving cell,








	[15] Apple
	Proposal 3-5: For OFDM-based LP-WUR, if overlaid OFDM sequence is not configured (M=1), it is up to UE implementation whether the LP-WUR can perform LP-SS based LP-RSRP/LP-RSRQ measurement. There is no spec impact.
Proposal 3-6: The definition of LP-RSRQ is modified to be N * LP-RSRP / LP-RSRI.




Proposal 5-1
Endorse the following TP for TS 38.215:
====================================Start of the TP====================================
[bookmark: _Toc11163810][bookmark: _Toc26473664][bookmark: _Toc29045102][bookmark: _Toc29901443][bookmark: _Toc29901490][bookmark: _Toc35596371][bookmark: _Toc44881107][bookmark: _Toc51776277][bookmark: _Toc201247509]5.1.1	SS reference signal received power (SS-RSRP)

	Definition
	SS reference signal received power (SS-RSRP) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals. The measurement time resource(s) for SS-RSRP are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration, except when measurement is being performed by wake-up receiver (WUR). If SS-RSRP is used for L1-RSRP as configured by reporting configurations as defined in TS 38.214 [6], the measurement time resources(s) restriction by SMTC window duration is not applicable.

For SS-RSRP determination demodulation reference signals for physical broadcast channel (PBCH) and, if indicated by higher layers, CSI reference signals in addition to secondary synchronization signals may be used. SS-RSRP using demodulation reference signal for PBCH or CSI reference signal shall be measured by linear averaging over the power contributions of the resource elements that carry corresponding reference signals taking into account power scaling for the reference signals as defined in TS 38.213 [5]. If SS-RSRP is not used for L1-RSRP, the additional use of CSI reference signals for SS-RSRP determination is not applicable.

SS-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity.

If SS-RSRP is not used for L1-RSRP and higher-layers indicate certain SS/PBCH blocks for performing SS-RSRP measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).
If SS-RSRP is being performed by wake-up receiver (WUR), SS-RSRP is measured only from the indicated set of SS/PBCH block(s) by the higher layer parameter lpwus-LPSS-BeamSubset, if provided. Otherwise, SS-RSRP is measured only from the indicated set of SS/PBCH block(s) by the higher layer parameter ssb-PositionsInBurst in SIB1.

For frequency range 1, the reference point for the SS-RSRP shall be the antenna connector of the UE. For frequency range 2, SS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRP value shall not be lower than the corresponding SS-RSRP of any of the individual receiver branches.


< unchanged text omitted >
====================================End of the TP====================================

	Reason for change:
	To clarify the SSB set based on which OFDM-based WUR perform measurement

	Summary of change:
	For OFDM-based WUR, SS-RSRP is measured only from the indicated set of SS/PBCH block(s) by the higher layer parameter lpwus-LPSS-BeamSubset, if provided. Otherwise, SS-RSRP is measured only from the indicated set of SS/PBCH block(s) by the higher layer parameter ssb-PositionsInBurst in SIB1.

	Consequences if not approved:
	The SSB set based on which OFDM-based WUR perform measurement is not captured.



	Company
	Comments

	
	

	
	

	
	



Proposal 5-2
Endorse the following TP for TS 38.215:
====================================Start of the TP====================================
[bookmark: _Toc201247561]5.1.53	Low power reference signal received power (LP-RSRP)
SS-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity.

	Definition
	Low power reference signal received power (LP-RSRP) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry on-off keying (OOK) ON symbols of Low power synchronization signals (LP-SS). 

LP-RSRP shall be measured only among the LP-SS associated with the same SS/PBCH block index and the same physical-layer cell identity.

For frequency range 1, the reference point for the LP-RSRP shall be the antenna connector of the UE. For frequency range 2, LP-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported LP-RSRP value shall not be lower than the corresponding LP-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_IDLE for serving cell,
RRC_INACTIVE for serving cell,


< unchanged text omitted >
====================================End of the TP====================================

	Reason for change:
	The definition of restricting LP-RSRP measurement to LP-SS associated with the same SS/PBCH block and Cell ID is missing.

	Summary of change:
	Add the restriction that LP-RSRP measurement is limited to LP-SS associated with the same SS/PBCH block and Cell ID.

	Consequences if not approved:
	How LP-RSRP is measured may be ambiguous.



	Company
	Comments

	
	

	
	

	
	




Question 5-3
Please share your view on the following proposal from [12]:
· For OFDM-based WUR SS-RSRQ measurement metric, clarify that measurementSlots and endSymbol are not applicable and that RSSI is measured over the fixed set of symbols in the slots containing the SSB(s). Down select among following options for the RSSI measurement symbols:
· same symbols as for the SSB, or
· symbols as determined for configuration endSymbol=1 (i.e. {0,1,2..,11} for SCS<480kHz) is the slot where SSB is received.

	Company
	Comments

	
	

	
	

	
	




In TS 38.215, LP-RSRP and LP-RSRQ/LP-RSSI are defined as follows:
· “Low power reference signal received power (LP-RSRP) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry on-off keying (OOK) ON symbols of Low power synchronization signals (LP-SS).”
· “Low power reference signal received quality (LP-RSRQ) is defined as the ratio of LP-RSRP / LP-RSSI. The measurements in the numerator and denominator shall be made over the same set of frequency resources.”
· “Low power received signal strength indicator (LP-RSSI), comprises the linear average of the total received power (in [W]) observed both in on-off keying (OOK) ON and OFF symbols of Low power synchronization signal (LP-SS) over the resource elements that carry LP-SS OOK symbols from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.”
Companies seem to agree that LP-RSRP is defined as dBm per RE. But it seems that there is different understanding on the definition of LP-RSSI among companies.
· Interpretation 1: LP-RSSI is defined as dBm per RE.
· Interpretation 2: LP-RSSI is defined as the total receiver power (dBm) over the measured set of frequency resources (11 or 20 RBs?).

Question 5-4
It seems that there is different understanding on the definition of [LP-RSRP and] LP-RSSI among companies. Please share your views on the following questions.
· Do you agree that LP-RSRP is currently defined as dBm per RE?
· Do you think LP-RSSI is currently defined as dBm per RE or dBm over [11 or 20] RBs?
· Do you think any changes are needed for the definition of LP-RSRP/RSRQ/RSSI? Examples:
· Option 1: no change, with the understanding that LP-RSSI is defined as dBm per RE
· Option 2: LP-RSSI is defined as dBm per N RBs (N = 11 or 20?), and LP-RSRQ = N*LP-RSRP/LP-RSSI
· … 

	Company
	Comments

	
	

	
	

	
	



Issue#6: Available symbols
	[3] HW/HiSi
	Proposal 12:	There is no need to define the RX-TX transition time and gap before RO as unavailable symbol for LP-WUS in IDLE/INACTIVE mode.
Proposal 13:	The logical time of the UL symbol should be used to determine the UL symbols, and TA does not impact the determination of available/unavailable symbols.
Proposal 16:	Update the Note of the agreement for determining the LP-SS occasions as 
· Note: For a TDD band, a slot is a DL slot if all the symbols in the slot are indicated as DL symbols in tdd-UL-DL-ConfigurationCommon; For a FDD band, any slot is a DL slot.

	[5] CMCC
	Proposal 4: The following collision can be considered for the cases/scenarios on when the UE is not able to monitor LP-WUS in IDLE/INACTIVE mode, in addition to those agreed previously.
· Time gap in TDD UL/DL switching.
Proposal 5: Adopt the following Text Proposal in TS 38.213 for LP-WUS occasion determination:
	Summary of change:
Specify that during LP-WUS occasion determination in IDLE/INACTIVE mode, the symbol within  before an UL symbol or within  after an UL symbol is unavailable for LP-WUS if the UE is UE not capable of full-duplex communication.
Consequence if not approved:
May cause potential collision between LP-WUS and UL transmission in IDLE/INACTIVE mode, which will significantly impact the system performance.
---------------------------- Start of Text Proposal for TS 38.213 -----------------------------
< Unchanged parts are omitted >
10.4C   PDCCH monitoring activation by WUS in RRC_IDLE/RRC_INACTIVE
 < Unchanged parts are omitted >
A UE can be provided, by WUS_available_slot_IDLE/INACTIVE, a bitmap that corresponds to a set of time units that repeats continuously and indicates a subset of time units from the set of time units that is available for the UE to monitor WUS [12, TS 38.331]. A time unit includes one slot or two slots. A set of time units includes a total of either 10, or 20, or 40 time units. A duration , in msec, of the set of time units has maximum value of 40 msec. The first symbol of the set of time units every 40 msec/ periods is a first symbol in frame  mod 4 = 0. The UE can be additionally provided, by WUS_available_symbol_IDLE/INACTIVE, an indication of symbols in each time unit from the subset of time units that is available for the UE to monitor WUS. If the UE is not provided WUS_available_slot_IDLE/INACTIVE, the UE assumes that all time units are available for the UE to monitor WUS. If the UE is not provided WUS_available_symbol_IDLE/INACTIVE, the UE assumes that, for a time unit that is available for the UE to monitor WUS, all symbols in the time unit are available for the UE to monitor WUS. The UE assumes that a symbol is not available to monitor WUS when
-	the symbol is indicated as uplink, by tdd-UL-DL-configurationCommon 
-	the symbol is indicated for an SS/PBCH block transmission, by ssb-PositionsInBurst in SIB1, and the SS/PBCH block transmission would overlap in frequency with the WUS transmission
-	the symbol is indicated for PDCCH transmissions, by pdcch-ConfigSIB1, and CORESET 0 for the PDCCH transmissions would overlap in frequency with the WUS transmission
-	the symbol is within  before an UL symbol if the UE is not capable of full-duplex communication [4, TS 38.211], or the symbol is within  after an UL symbol, if the UE is not capable of full-duplex communication [4, TS 38.211]
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------




	[8] Samsung
	Proposal 7: The symbols for a gap before UL SDT transmission, the symbols indicated by sdt-SearchSpace and DL SDT transmission is not available to monitor WUS.
•	Adopt TP#4 for TS 38.213.

	[12] Nokia
	Observation 5: 	When UE needs to transmit, it needs to have necessary functionality activated, thus WUS monitoring is not necessary, and no special handling for UL/DL symbols is needed.
Observation 6: 	As UE can choose whether it monitors LP-WUS or PDCCH (when above entry conditions), UE can ensure that there is sufficient gap between reception and transmission to enable transmission when needed.
Proposal 4: 	If UE needs or chooses to omit WUS monitoring in a MO due to UL transmission, it should monitor paging PDCCHs as it would have received indication by WUS in IDLE/Inactive, and in CONNECTED mode determine this a collision event where UE behaviour for option 1-1 and option 1-2 is determined by RAN2.

	[13] QC
	Proposal 4: For TDD, RAN1 clarifies when LP-WUS is not transmitted in UL symbols, which timing interpretation is used to determine the UL symbols
•	Alt 1: physical time of the UL symbol
•	Alt 2: logical time of the UL symbol

Proposal 5: For idle/inactive mode LP-WUS monitoring in TDD, if symbol 𝑖 is a UL symbol, LP-WUS is not transmitted in DL symbol 𝑖 and 𝑁 (one or more) extra symbols before symbol 𝑖. Value of 𝑁 corresponds to the worst-case TA for UEs that monitor LP-WUS in the cell.



Question 6-1
Please comment on the above proposals, if you think any of the changes is necessary.

	Company
	Comments

	
	

	
	

	
	

	
	

	
	

	
	

	
	




Issue#7: Interaction with eDRX

	[1] ZTE
	Proposal 2: For eDRX, the LO periodicity could be the same as IDRX
· the UE is required to monitor LP-WUS associated with the POs within the PTW if eDRX is configured.
Proposal 3: Adopt the following TP.
	<Unchanged Text Omitted>
A UE assumes that WUS occasions occur with a periodicity equal to the I-DRX cycle in the RRC_IDLE/RRC_INACTIVE state [17, TS 38.304]. The UE determines WUS occasions associated with a paging occasion based on PO-to-LO association. A reference frame of a WUS occasion starts a number of frames prior to the first of a number of paging frames associated with the WUS occasion. Each number of frames is provided by LO-FrameOffsets. The first WUS monitoring occasion of a WUS occasion starts at an offset provided by offset_firstMO_withinLO relative to the start of the reference frame. If multiple values for the number of frames provided by LO-FrameOffsets are larger than or equal to the value of XYZ, the UE monitors WUS starting at a WUS occasion corresponding to the smallest of the multiple values. If all values for the number of frames provided by LO-FrameOffsets are smaller than the value of XYZ, the UE monitors PDCCH according to Type2-PDCCH CSS sets associated with the paging occasion and does not monitor WUS.
If a UE is configured with eDRX [17, TS 38.304], it is not required to monitor WUS occasions which are not associated to the POs during a periodic Paging Time Window (PTW) configured for the UE
A paging occasion associated with a WUS occasion has index  where  is a number of paging occasions associated with a WUS occasion, , , , and  are defined in [17, TS 38.304], and  is defined in clause 7.1 of [17, TS 38.304]. If a number of  subgroups per paging occasion, provided by subgroupNumber-PO-WUS, is , the codepoint for the subgroup index  in a PO  is, and the codepoint for all subgroups in the PO is; otherwise, the codepoint for the PO  is
<Unchanged Text Omitted>




	[12] Nokia
	Observation 7: 	When eDRX is configured, the UE condition whether it monitors LP-WUS or only the normal PO (based on eDRX) is not know to the network, thus network needs to page UE based on the eDRX configuration.
Proposal 6: 	If LP-WUS operation is configured together with eDRX, the WUS monitoring is determined based on paging occasions so that UE can monitor WUS associated to the POs that valid based on the eDRX configuration. 
Proposal 7: 	Consider adopting following TP to TS38.213 or sending an LS to RAN2 to account the eDRX configuration implications in LP-WUS monitoring.
	Change reason: The UE behaviour for WUS monitoring when eDRX is configured is not defined. 
Change summary: Introduce a text determining that UE is expected to monitor WUS only for PO’s determined by the eDRX configuration. 
Consequence if not approved: There may be ambiguity for the UE for the expected WUS monitoring behaviour.

	
If UE is configured with eDRX [17, TS 38.304], UE is expected to monitor WUS only for PO’s determined by the eDRX configuration.






The moderator’s understanding is that this can be handled in RAN2 without RAN1 specification impact, similar as PEI.
Question 7-1
Please share your view on whether RAN1 spec changes are needed to support LP-WUS for eDRX.

	Company
	Comments

	
	

	
	

	
	




Other proposals

	[3] HW/HiSi
	Proposal 17:	If all MOs associated with one SSB beam are dropped, UE fallback to legacy PO monitoring.

	[5] CMCC
	Proposal 6: For LP-SS occasion determination, further discuss and down-select from the following options:
-	Option 1: Up to gNB implementation to ensure that LP-SS and SSB, LP-SS and PDCCH transmissions for SIB1 will not be overlapped in both time and frequency domain, and ensure that LP-SS and UL symbol will not be overlapped in time domain, and ensure that the time gap between LP-SS and UL symbol (including valid RO) is equal or larger than the predefined value. 
	FFS whether there is impact on Stage 2 specification.
-	Option 2: Reuse the methodology of LP-WUS occasion determination, i.e., assume the symbol is not available for LP-SS transmission when the corresponding resource is overlapped with SSB or PDCCH transmissions for SIB1 in both time and frequency domain, or the symbol is overlapped with UL symbol, or the symbol is within the time gap of the UL symbol (including valid RO).

	[13] Sharp
	---------------begin of draft TP1 on TS 38.213---------------------------------------------
10.4C	PDCCH monitoring activation by WUS in RRC_IDLE/RRC_INACTIVE
*** Unchanged parts are omitted ***
If a UE is provided wus-LPSS-beamSubset, the UE receives LPSS/WUS based on the quasi co-location properties of transmitted SS/PBCH blocks indicated by wus-LPSS-beamSubset [12, TS 38.331]; otherwise, the UE receives LPSS/WUS based on the quasi co-location properties for transmitted SS/PBCH blocks indicated by ssb-PositionsInBurst in SIB1. A WUS occasion includes  WUS monitoring occasions that are indexed sequentially in time, where
-	 is the number of transmitted SS/PBCH blocks indicated by ssb-PositionsInBurst in SIB1,  is a number of WUS monitoring occasions associated with each of the  transmitted SS/PBCH blocks provided by MONumperLO, and
-	a WUS monitoring occasion with index , where  and , is quasi co-located with the -th transmitted SS/PBCH block with respect to quasi co-location 'typeC' or 'typeD' properties, when applicable
---------------end of draft TP1 on TS 38.213-------------------------------------------------

Proposal 1: Adopt TP1 to correct the WUS monitoring occasion index starting from 0.

	[16] QC
	Proposal 2-1: The RRC parameter “LP-WUS/LP-SS beam subset” is only applicable to OOK-based LP-WUS and LP-SS. OFDM-based LP-WUS is transmitted in all beams according to ssb-PositionsInBurst in SIB1
· No new RRC parameter needs to be introduced.



Note that whether to add a new RRC parameter for the actual MO duration for OFDM-based LR was discussed in RAN1#122 already, and there was no consensus to introduce it. The chairman’s guideline was not to discuss it further. Therefore, this issue will not be discussed in RAN1 any more.

Question 8-1: 
Please share your views if you think any of the above issues/proposals should be discussed.
	Company
	Comment
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Appendix A: Agreements from previous meetings
RAN1#116 agreements
Agreement
Multi-beam operations are supported for LP-WUS and LP-SS for idle mode

Agreement
LP-WUS occasions (LOs) are defined for LP-WUS monitoring.
· Each LO has one or more LP-WUS monitoring occasions (MOs), where UE can monitors for LP-WUS transmission in each of the LP-WUS MOs.
· Different LP-WUS MOs may correspond to different beams in multi-beam operation
· It is not precluded that FFS whether or not each LO is defined as a time window that covers the corresponding LP-WUS MOs
· FFS details
· It is at least supported that a UE monitors LOs with a configured periodicity.
· Each UE has a periodicity for LO monitoring, and it is at least supported that a UE monitors one LO per period.
· FFS: A UE does not expect its LP-WUS monitoring occasions overlapping in time 
· FFS: monitoring of multiple more than one LOs per period e.g. if LP-WUS common to all UEs is supported or in case of eDRX (if supported)
· FFS eDRX, if supported

Agreement
For the case where a UE supports PEI and PEI is configured by the gNB, after the UE receives LP-WUS indicating wake-up, it is up to UE implementation whether to monitor PEI or not.

Agreement
It is supported that the UE monitors the legacy PO after receiving LP-WUS indicating wake-up.
· FFS: support of UE monitoring dynamic PO

Conclusion
For idle/inactive mode, how to map a UE to a subgroup ID for LP-WUS is left to RAN2 to decide.

RAN1#116bis agreements
Agreement
For multi-beam operation of LP-WUS, UE assumes the same LP-WUS information payload is repeated in all transmitted beams corresponding to LP-WUS 
· the selection of the beam(s) for the reception of the LP-WUS is up to UE implementation 

Agreement
Each LO consists of N * K LP-WUS MOs, where N is the number of beams corresponding to LP-WUS, and K is the number of LP-WUS MOs for each beam.
· Option 1: K = 1 
· Option 2: K can be larger than or equal to 1
· FFS if more than 1 LP-WUS is transmitted from the same beam, whether the information in these multiple LP-WUS is always the same or can be different

Agreement
From RAN1 perspective, at least the following metrics can be supported for RRM serving cell measurement performed by OOK-based receiver based on LP-SS:
· LP-RSRP
· LP-RSRP is the linear average of received power of LP-SS in OOK ON symbols.
· FFS: How to determine the received power of LP-SS in OOK ON symbols
· LP-RSRQ
· LP-RSRQ = LP-RSRP/LP-RSSI
· For the definition of LP-RSSI for determination of LP-RSRQ, further consider the following options:
· Option 1: LP-RSSI is the linear average of total received power in all LP-SS OOK symbols.
· Option 2: LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbols.
· Option 3: LP-RSSI is the linear average of total received power in LP-SS OOK ON symbols.
· FFS: LP-SINR, Power ratio of OOK-ON symbol and OOK-OFF symbol
Note: RAN1 will send an LS to RAN2 and RAN4 on the measurement metrics that can be supported from RAN1 perspective, to facilitate RAN2/RAN4 discussions. The exact metrics for OOK-based receiver to be used and defined in the specifications depend on the outcome of [RAN1]/RAN2/RAN4 discussions.

Working Assumption
From RAN1 perspective, for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode,
· The UE may start LP-WUS monitoring if
· the serving cell measurement performed by the MR is above entry threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· If UE starts LP-WUS monitoring, it may stop the legacy PO monitoring before UE receives LP-WUS indicating wake-up
· The UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if
· the serving cell measurement performed by the LR is below exit threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· FFS the serving cell measurement metrics
· The entry/exit thresholds can be configured separately for different types of LR
· It is left to RAN2 discussion whether the threshold(s) are always configured by the gNB. 
· Note: This may be revisited based on the RAN2/RAN4 discussion.

Conclusion
LP-SINR is not considered further as a metric for RRM serving cell measurement for OOK-based receiver.

RAN1#117 agreements
Conclusion
Regarding the “FFS: How to determine the received power of LP-SS in OOK ON symbols” for LP-RSRP, no additional work in RAN1. 

Agreement
It is supported that UEs monitoring the same PO are divided into multiple subgroups, where LP-WUS can provide wake-up indication for each subgroup. Consider the following options:
· Option 1: UEs monitoring the same PO monitor the same LO
· Option 2: UEs corresponding to different POs monitor the same LO
· Option 3: UEs monitoring the same PO are divided into multiple sets of subgroups, with UEs within each set of subgroups monitoring the same LO.
· Combinations of the above options can be considered.

Agreement
For LP-SS based LP-RSRQ, LP-RSRP and LP-RSSI are measured within the same bandwidth.

Agreement
For LP-RSSI definition for LP-RSRQ, the following is agreed
· Option 1: LP-RSSI is the linear average of total received power in ON and OFF LP-SS OOK symbols.
Note: Above does not constrain LP-SS sequence design for OOK

Working Assumption
From RAN1 perspective, for the RRM measurement metrics based on SSS for OFDM-based LP-WUR, use the same definition of SS-RSRP and SS-RSRQ for LP-SSS-RSRP and LP-SSS-RSRQ, respectively.
· Above is applicable for both time-domain processing or frequency-domain processing
· Above does not imply that RAN1 will introduce LP-SSS-RSRP and LP-SSS-RSRQ in the specifications

Agreement
For idle/inactive mode, the maximum number of information bits (excluding CRC) in a LP-WUS is Z, where Z <= [8 or 16].
· FFS the exact value of Z

Agreement
For idle/inactive mode, the maximum number of subgroups per PO is X, where 8 <= X <= 256.
· FFS the exact value of X.
RAN1#118 agreements
Agreement
The definitions of LP-RSRP and LP-RSSI for LP-RSRQ are updated as follows:
LP-RSRP is the linear average of received power of LP-SS in OOK ON symbols over the frequency resources defined by the number of REs that carry LP-SS.
LP-RSSI is the linear average of total received power in ON and OFF LP-SS OOK symbols over the frequency resources defined by the number of REs that carry LP-SS.

Agreement
At least support 1:1 association between LP-WUS MO(s)/LP-SS transmissions and SSB beams. 


Agreement
For the wake-up delay, consider the following options:
Option 2: UE reports one value from X candidate values for the wake-up delay via UE capability reporting.
· FFS: X is 2, 3, 4
Above applies for IDLE/INACTIVE mode.
Definition of wake-up delay: Minimum gap time between LP-WUS reception and MR to start PDCCH monitoring

Agreement
For the maximum number of subgroups per PO (X), down-select from the following options in RAN1#118bis:
· Option 1: X = 8
· Option 2: X = 16
· Option 3: X = 32
· Option 4: X = 64
· Option 5: X = 128
· Option 6: X = 256
For decision in RAN1#118bis, companies are encouraged to provide the maximum number of information bits per LP-WUS (Z), the number of OFDM symbols occupied by LP-WUS per MO, the number of MOs for their preferred option.

Conclusion
There is no consensus in RAN1 on the support of dynamic PO.

Agreement
On the LO configuration for iDRX, offset value(s) between a LO and a reference PO/PF is/are configured.
· FFS: one or multiple offset values, and if multiple offset values are supported, how a UE decides which value to use
· FFS: the exact definition of the reference PF/PO and the detailed procedure for UE to determine the LO(s) corresponding to Option 1, 2, or 3 (if supported)
· (Working Assumption) For each UE, the periodicity of LO is the same as its iDRX cycle.
· If a UE receives a wake-up indication in a LP-WUS, consider the following alternatives
· Alt 1: it monitors the PO associated with the offset.
· Alt 2: it monitors the first PO after its reported wake-up delay.
· Other alternatives are not precluded
Note: The PO mentioned above refers to legacy PO configured for the UE.

Agreement
Send an LS to RAN2 and RAN4 to convey the following
In RAN1, the common understanding is that UE may not support LP-WUS reception on all the bands supported by the UE. Request RAN2 and RAN4 to check if there is any issue and specification support needed for IDLE/INACTIVE UEs.
Final LS in R1-2407559.

Conclusion
RAN1 will not initiate work on entry/exit conditions based on RRM measurement and RRM measurement offloading/relaxation conditions unless triggered by RAN2 and RAN4

RAN1#118bis agreements
Agreement
Confirm the following working assumption for iDRX: For each UE, the periodicity of LO is the same as its iDRX cycle.

Agreement
For the mapping between LO and PO, supports at least Option 1 (UEs monitoring the same PO monitor the same LO).

Agreement
From RAN1 perspective, when a UE is monitoring LP-WUS (based on the entry/exit condition for LP-WUS), a UE is not required to monitor a PO if 
· it does not detect a LP-WUS on the monitored LO 
· or the LP-WUS does not indicate a wake-up indication for the UE’s corresponding subgroup

Agreement
For the offset value(s) between an LO and a reference PO/PF, consider the following options:
· Definition: The gap between an LO and a PO is considered to be no less than the wake-up delay a UE supports if the gap between the end of the last LP-WUS MO the UE monitors in the LO and the start of the PO is no less than the wake-up delay.
· Option 1: gNB configures a single offset value.
· If the gap between an LO and the PO associated with the offset is no less than the wake-up delay a UE supports, the UE monitors the PO associated with the offset after receiving a wake-up indication in a LP-WUS.
· Otherwise,
· Option 1-1: the UE follows the legacy paging monitoring procedure.
· Option 1-2: the UE monitors LP-WUS. If it receives a wake-up indication in a LP-WUS, it monitors the first PO after its reported wake-up delay.
· Option 2: gNB configures one or multiple offset values.
· For the same PO, each offset corresponds to a LO.
· This does not preclude the possibility that the same LO may correspond to different POs with different offset values.
· Option 2A: A UE does not expect that the gap between the LO associated with the largest offset and the corresponding PO is less than the wake-up delay the UE supports. The UE monitors the LO associated with one offset that has a gap between the LO and the corresponding PO no less than the wake-up delay.
· This implies that the gNB needs to configure at least one offset value that is no less than the largest wake-up delay supported by the UEs.
· FFS exactly how to choose the offset
· Option 2B:
· If the gap between the LO associated with the largest offset and the corresponding PO is no less than the wake-up delay a UE supports, the UE monitors the LO associated with one offset that has a gap between the LO and the PO associated with the offset no less than the wake-up delay.
· FFS exactly how to choose the offset
· Otherwise,
· Option 2B-1: the UE follows the legacy paging monitoring procedure.
· Option 2B-2: the UE monitors LP-WUS. If it receives a wake-up indication in a LP-WUS, it monitors the first PO after its reported wake-up delay.
· FFS exactly how to choose the offset
· FFS the UE shall monitor the LO associated with additional offset(s)
Note: The PO mentioned above refers to legacy PO configured for the UE.

Agreement
At least the following codepoints are supported for LP-WUS:
· One codepoint corresponding to each of the subgroups that can be indicated by LP-WUS
· One codepoint corresponding to all the subgroups that can be indicated by LP-WUS
· FFS: Additional codepoints

Agreement
Support 3 candidate values for the wake-up delay capability a UE reports, two values for ultra-deep sleep state and one value for deep sleep state.
· FFS the values
· Note: Ultra-deep sleep state and deep sleep state are mentioned above solely for the purpose of RAN1 discussions and it is not intended to be captured in specifications from RAN1 perspective

Agreement
Each LP-WUS is QCLed with one SSB. Each LP-SS is QCLed with one SSB.
· FFS QCL Type A or Type C and/or Type D
· FFS implicit QCL determination or some signaling is required

Agreement
The number of beams for LP-SS is the same as the number of beams for the LP-WUS MOs in an LO. 

Agreement
When K (K>1) LP-WUS MOs are configured for each beam in an LO, down select between
· Option A: K LP-WUS MOs for a beam are divided into M (M >=1) groups of R LP-WUS MOs. A UE monitors all or some of the MO(s) within the K LP-WUS MOs.
For each group of R LP-WUS MOs, the same LP-WUS information is transmitted.
· FFS how the same LP-WUS information is transmitted in the R LP-WUS MOs
Different LP-WUS information can be transmitted in different groups of R LP-WUS MOs.
M = 1 and M > 1 is supported.
FFS: detailed UE monitoring behavior
FFS R=1 or R>= 1
· Option B: K LP-WUS MOs for a beam are divided into G (G >= 1) groups of R*M (M >= 1) LP-WUS MOs. A UE monitors all or some of the MO(s) within one group of R*M LP-WUS MOs based on its subgroup ID.
Each group of R*M LP-WUS MOs is further divided into M groups of R LP-WUS MOs.
· For each group of R LP-WUS MOs, the same LP-WUS information is transmitted.
· FFS how the same LP-WUS information is transmitted in the R LP-WUS MOs
· Different LP-WUS information can be transmitted in different groups of R LP-WUS MOs.
· FFS: detailed UE monitoring behavior
M = 1 and M > 1 is supported.
FFS R=1 or R>=1
Note: this achieves the same purpose as “Option 3: UEs monitoring the same PO are divided into multiple sets of subgroups, with UEs within each set of subgroups monitoring the same LO.”

Working Assumption
The maximum number of subgroups per PO supported in Rel-19 is 32.

RAN1#119 agreements
Agreement
Confirm the following working assumption with the addition of the note at the bottom: 
Working Assumption
From RAN1 perspective, for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode,
· The UE may start LP-WUS monitoring if
· the serving cell measurement performed by the MR is above entry threshold(s), if configured by the gNB
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· If UE starts LP-WUS monitoring, it may stop the legacy PO monitoring before UE receives LP-WUS indicating wake-up
· The UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if
· the serving cell measurement performed by the LR is below exit threshold(s), if configured by the gNB
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· FFS the serving cell measurement metrics
· The entry/exit thresholds can be configured separately for different types of LR
· It is left to RAN2 discussion whether the threshold(s) are always configured by the gNB. 
· Note: This may be revisited based on the RAN2/RAN4 discussion.
Note: this does not intend to impact any agreements and working assumptions made in RAN1/RAN2 after the working assumption.

Agreement
At least support the case that the number of beams for LP-WUS/LP-SS is the same as the number of SSB beams.

Conclusion
Do not support one-to-multiple mapping between the LP-WUS/LP-SS beams and the SSB beams.

Conclusion
No additional RAN1 specification impact specific to support multiple-to-one mapping between the LP-WUS/LP-SS beams and the SSB beams.

Agreement
For the offset value(s) between an LO and a reference PO/PF, down-select between
· Option 1-1
· Configurability between Option 1-1 and Option 1-2
· Option 2B-1

Agreement
At least for the 1:1 LO to PO mapping,
· The maximum value of M for Option A or Option B with G=1 (if either of them is supported) is 4.

Conclusion
There is no RAN1 consensus to support additional codepoints indicating wake-up at least for 1:1 LO to PO mapping.

For future meetings:
Consider the following alternatives for UE capability report on the wake-up delay:
· Alt 1: For the 3 candidate values for the wake-up delay capability report, support {[80ms], [500ms] and [900ms]}.
· The reported values assume SSB periodicity of 20ms, where [80ms] assumes [3] SSBs needed for synchronization, [500ms] and [900ms] assume [5] SSBs needed for synchronization. 
· FFS: translation of wake-up delay for different SSB periodicities
· Alt 2: For the wake-up delay capability report, UE reports a pair of values for main radio ramp up and the number of SSBs needed for synchronization (D, NSSB). Support the following 3 candidate capabilities: {[(20ms, 3), (400ms, 5), (800ms, 5)]}.
· Alt 3: Modify the previous agreement on UE capability report on the wake-up delay to UE capability report on the main radio ramp up time. The number of SSBs needed for synchronization is defined in specs, and different number of SSBs can be defined for different UE capability on the main radio ramp up time.
· 3 candidate values for the main radio ramp up time: {[20ms, 400ms, 800ms]}
· The number of SSBs needed for synchronization is defined as [3, 5, 5] for [20ms, 400ms, 800ms] main radio ramp up time, respectively.
· Alt 4: Modify the previous agreement on UE capability report on the wake-up delay to UE capability report on the main radio ramp up time. The time needed for synchronization will be defined by RAN4 requirements later.

Agreement
Each LP-WUS or LP-SS is QCLed with an SSB with [select one from ‘typeA’, ‘typeC’], and when applicable, ‘typeD’ with the same SSB.

Working Assumption
If LP-WUS design support 32 subgroups within one MO, do not support Option 3 for LO to PO mapping or Option B for MO configuration.

Conclusion
From RAN1 perspective, there is no consensus on the following proposal:
UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if	the UE has not received LP-WUS for a long time.

For future meetings:
Companies are encouraged to consider section 3.5 of R1-2410862 for further discussions in future meetings.

RAN1#120 agreements
Agreement
The EPRE ratio between LP-WUS/LP-SS and SSB can be configured by the gNB.
· FFS whether there is a common configuration or separate configuration for LP-WUS and LP-SS
· Above is not applicable for the case when all the subcarriers for LP-WUS/LP-SS are transmitted with zero power (from baseband perspective)
· Above does not mandate any UE implementation for different receiver types
· FFS: whether/how to support for the case when there are different number of OOK ON symbols in different OFDM symbols (if supported)

Agreement
For the offset value(s) between an LO and a reference PO/PF, at least a frame-level offset is provided.
· The reference point (reference PO/PF) for the frame-level offset is the start of the PF, or the first PF of the PF(s) (if mapping of POs from multiple PFs to one LO is supported), associated with the LO.
· FFS other offset value(s) to determine the MOs of the LO

Agreement
The previous agreement in RAN1#119 is updated as follows:
· Each LP-WUS or LP-SS is QCLed with an SSB with [select one from ‘typeA’, ‘typeC’], and when applicable, ‘typeD’ with the same SSB.

Agreement
Confirm the following working assumption with the additional text in red:
Working Assumption
From RAN1 perspective, for the RRM measurement metrics based on SSS for OFDM-based LP-WUR, use the same definition of SS-RSRP and SS-RSRQ for LP-SSS-RSRP and LP-SSS-RSRQ, respectively.
· Above is applicable for both time-domain processing or frequency-domain processing
· Above does not imply that RAN1 will introduce LP-SSS-RSRP and LP-SSS-RSRQ in the specifications
Existing metrics SS-RSRP and SS-RSRQ are reused for OFDM-based LP-WUR. No separate metrics (LP-SSS-RSRP and LP-SSS-RSRQ) will be introduced in the specifications.
· The metrics SS-RSRP and SS-RSRQ are applicable for OFDM-based LP-WUR for RRC_IDLE and RRC_INACTIVE serving cell measurement.
· FFS: whether to remove or modify the restriction of using SMTC window for LP-SSS-RSRP/RSSI measurement.

Agreement
For the LO to PO mapping from network perspective, support Option 2 (UEs corresponding to different POs monitor the same LO).
· This should not increase the maximum number of codepoints per LO/LP-WUS compared to Option 1.
· FFS conditions/restrictions for mapping multiple POs to one LO
· Down-select between 2 and 4 for max number of POs per LO. 

Agreement
For UE capability report on the wake-up delay:
· Alt 1: For the 3 candidate values for the wake-up delay capability report, support {[70ms], [500ms] and [900ms]}.
· The reported values assume SSB periodicity of 20ms, where [70ms] assumes [3] SSBs needed for synchronization, [500ms] and [900ms] assume [5] SSBs needed for synchronization. 
· FFS: translation of wake-up delay for different SSB periodicities
· FFS: different sets of 3 candidate value for different SSB periodicities
· Send an LS to RAN4 after the down-selection to confirm the number of SSBs. Final LS in R1-2501624.

Agreement
For the offset value(s) between an LO and a reference PO/PF, adopt Option 2B-1.
· gNB can configure 1 or 2 offset values.
· FFS whether gNB can configure 3 offset values
· If multiple offset values are configured and if the gap between the LO associated with the largest offset value and the corresponding PO is no less than the wake-up delay a UE reports, the UE monitors the LO associated with the smallest offset value that has a gap between the LO and the PO no less than the wake-up delay.
· Note: if a single offset value is configured, UE behaviour is according to Option 1-1. 
· All the UEs supporting LP-WUS for idle/inactive mode supports the configuration of 2 offset values (FFS: 3 values).

Agreement
Confirm the following working assumption with the modification:
Working Assumption
The maximum number of subgroups per PO supported in Rel-19 is 31 32. 

RAN1#120bis agreements
Agreement
Confirm the following working assumption with modifications in red:
Working Assumption
If LP-WUS design support 32 subgroups within one MO, do not support Option 3 for LO to PO mapping or Option B for MO configuration.

Agreement
Option A for MO configuration is supported.

Agreement
A LP-WUS MO can span across multiple slots. 
· FFS the limitation on the maximum length for an LP-WUS MO

Agreement
Only R = 1 is supported for Option A.

Conclusion
For the offset value(s) between an LO and a reference PO/PF, do not support the configuration of 3 offset values.

Agreement
The maximum number of POs per LO is 4, and the number of POs per LO can be 1, 2 or 4.  

Agreement
For Option 2, the maximum value of M (number of LP-WUS MOs per beam) in Option A for MO configuration is 4.

Agreement
For LP-WUS, the N * M LP-WUS MOs in an LO are indexed sequentially in time, from 1 to N*M, where N is the number of beams corresponding to LP-WUS, and M is the number of LP-WUS MOs for each beam.
· The (n*M+m+1)-th LP-WUS MO corresponds to the (n+1)-th beam, where m=0,1,…,M-1, n=0,1,2,…,N-1. (multiple MOs first, beam second)
Note: Above does not change the previous agreement on association between LP-WUS and SSB beams.

Agreement
For OFDM-based LP-WUR, reuse the LP-SS based LP-RSRP/LP-RSRQ definition of OOK-based LP-WUR.
FFS: Whether OFDM receiver can measure LP-SS if overlaid OFDM sequence is not configured (M=1).

Agreement
For LP-SSS-RSRP/RSSI measurement performed by OFDM-based LP-WUR for the serving cell, SMTC window is not applicable.
· Send an LS to RAN4 to confirm the above agreement. Final LS in R1-2503103.

Agreement
LS on the RRM measurement metrics for OFDM-based LP-WUR is agreed. Final LS in R1-2503103.
· Note: RAN1 understanding is existing metrics SS-RSRP and SS-RSRQ are reused for OFDM-based LP-WUR. No separate metrics (LP-SSS-RSRP and LP-SSS-RSRQ) will be introduced in the specifications.

Agreement
For Option 2, at least one codepoint corresponding to each of the subgroups in each PO is supported.
· For codepoint corresponding to more than one subgroups:
· Alt 2: One codepoint for each PO corresponding to all the subgroups in the PO 

Agreement
For Option 2, a common codepoint per PO is always used and the maximum number of subgroups supported per PO is 
· 7 for the case where 4 POs are mapped to one LO
· 15 for the case where 2 POs are mapped to one LO

Agreement
Regarding whether there is any restriction on mapping multiple POs to one LO, no additional constraint for mapping multiple POs to one LO

Agreement
UE determines whether a symbol is available for LP-WUS based on:
· Alt 1: Time-domain pattern configured by the gNB
· Alt 1A: Periodic time-domain pattern
· E.g. (1) 1-slot periodicity, the pattern indicates the available symbols in each slot; (2) multi-slot or frame-level periodicity with a bitmap indication; (3) Search space set-like pattern; (4) multi-level time-domain patterns; (5) reuse the mechanism of rate matching pattern
· Alt 1B: Per-MO pattern, applicable for all Mos
· Alt 2: Information from existing configurations available for idle/inactive UEs such as [SSB, CORESET/Type-0 CSS, TDD DL/UL configuration, etc].
· Alt 3: Combination of Alt 1 and Alt 2
· Alt 4: NW ensures LP-WUS configuration without collision with existing signal(s)

Agreement
For the determination of starting time locations of LP-WUS MOs and LP-WUS transmissions in a LO, 
· A reference point is the start of a reference frame determined by the frame-level offset from the start of the first PF of the PF(s) associated with the LO.
· The starting time location of the first LP-WUS MO in a LO is indicated by an offset w.r.t. the reference point.
· FFS slot-level or symbol-level offset
· The starting time locations of the subsequent LP-WUS MOs in a LO are determined based one of the following alternatives:
· Alt 1: An offset is indicated for each of the subsequent LP-WUS MOs.
· FFS slot-level or symbol-level offset
· Alt 2: The start time location of a subsequent LP-WUS MO is determined implicitly at least based on the previous LP-WUS MO.
· FFS additional configuration to control the subsequent MO locations, e.g.,
· Alt 2A: configuration of a single gap between the end of the previous MO (or a set of previous MOs) and the start of the next MO
· Alt 2B: configuration of candidate starting locations for MOs, similar to search space configuration
· FFS restriction on MO locations, e.g. only on DL slots
· FFS minimum gap is needed between two MOs to ensure LR processing time

Agreement
Terminology definition
· Nominal MO duration: this includes both the available and unavailable symbols
· Actual LP-WUS duration: the actual number of OFDM symbols used for LP-WUS transmission as assumed by the UE
Nominal MO duration and actual LP-WUS duration, if defined, are determined using one of the following alternatives:
· Alt A: Nominal MO duration is configured. (e.g. in unit of slots)
· Actual LP-WUS duration is the number of available symbols within the MO.
· Actual LP-WUS duration can vary from one MO to another MO.
· Alt B: Actual LP-WUS duration is configured. (e.g. in unit of OFDM symbols, or M and L values)
· From the start of a MO, MO extends until the number of available OFDM symbols reaches the configured actual LP-WUS duration. 
· FFS: Additional termination condition such as time window
· Alt C: Both nominal MO duration and actual LP-WUS duration are configured.
· If the number of available OFDM symbols within the nominal MO duration is less than the actual LP-WUS duration, the MO is considered as invalid (no LP-WUS monitoring in this MO) and dropped/deferred.
· FFS UE behavior if there is no valid MO for the beam(s) that the UE monitors
· Note: the number of available OFDM symbols within a nominal MO duration can be different for different MOs.
· Alt D: Nominal MO duration is configured. The actual LP-WUS duration is determined based on the same pattern for the available symbols for all the MOs (e.g. by using a per-MO pattern), which is the same for all the MOs.

Agreement
On how to handle the UE capability report on the wake-up delay for SSB periodicities other than 20ms, consider the following alternatives for possible down-selection in RAN1#121.
· Alt 1: Do not report for SSB periodicities other than 20ms
· Note: LP-WUS is not supported for SSB periodicities larger than 20ms
· Alt 2: For UE capability report on the wake-up delay, the UE reports one of the following 3 capabilities (the values in one of the columns):
	SSB periodicity (ms)
	Wake-up delay (ms)
UE capability 1
	Wake-up delay (ms)
UE capability 2
	Wake-up delay (ms)
UE capability 3

	[5]
	[x]
	[x]
	[x]

	[10]
	[x]
	[x]
	[x]

	20
	[70]
	[500]
	[900]

	[40]
	[x]
	[x]
	[x]

	[80]
	[x]
	[x]
	[x]

	[160]
	[x]
	[x]
	[x]


· Alt 3: It is up to RAN4

Agreement
Each LP-SS transmission for each beam always occupies consecutive OFDM symbols.  

RAN1#121 agreements
Agreement
It can be configured by the gNB in the LP-WUS/LP-SS configuration on whether LP-WUS/LP-SS transmission is present or not for each beam of the actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1.
· For the LP-WUS MO and LP-SS occasion determination,
· Alt 1: S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1, and LP-WUS MOs and LP-SS occasions are determined assuming S beams. gNB transmits LP-WUS/LP-SS in a subset of the S beams according to the LP-WUS/LP-SS configuration.
· FFS: Additional details on Alt 1 to be finalized in RAN1#121
· If not configured, UE assumes LP-WUS/LP-SS transmission is present for all the actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1

Agreement
Each LP-SS transmission for each beam is contained within one slot.

Agreement
For LP-SS, the LP-SS occasions are indexed sequentially in time, and the n-th LP-SS occasion is associated with the beam of the n-th transmitted SSB, n = 1, 2, …, N, where N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1.

The RAN1#120bis agreement is updated as follows:
For LP-WUS, the N * M LP-WUS MOs in an LO are indexed sequentially in time, from 1 to N*M, where N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 the number of beams corresponding to LP-WUS, and M is the number of LP-WUS MOs for each beam.
· The (n*M+m+1)-th LP-WUS MO corresponds to the (n+1)-th beam, which is associated with the beam of the (n+1)-th transmitted SSB, where m=0,1,…,M-1, n=0,1,2,…,N-1. (multiple MOs first, beam second)

Agreement
For UE capability report on the wake-up delay, the UE reports one of the following 3 capabilities (the values in one of the columns):
	SSB periodicity (ms)
	Wake-up delay (ms)
UE capability 1
	Wake-up delay (ms)
UE capability 2
	Wake-up delay (ms)
UE capability 3

	5/10/20
	[70]
	[500]
	[900]

	40
	[x]
	[x]
	[x]

	80
	[x]
	[x]
	[x]

	160
	[x]
	[x]
	[x]



Agreement
If the number of POs associated with a LO is less than Ns (the number of POs per PF), to determine the LP-WUS MOs for the multiple LOs with the same reference PF:
· Alt 1: additional frame-level offset(s) are configured.
· Common slot-level or symbol level offsets are shared across all LOs

Agreement
For the configuration on whether LP-WUS/LP-SS transmission is present or not for each beam of the actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1:
· use bitmap, with one bit corresponding to each of the SSB beams (similar to existing indication for ssb-PositionsInBurst)

Agreement
For PO-to-LO association and codepoint determination, assume  is the number of POs associated with a LO,  is the number of subgroups per PO for LP-WUS, and   is the subgroup ID of a UE ().
· The PO index within the LO is defined as 
,
· The reference PF for the LO of a PO is provided by (SFN for PF) – floor(iPO/NS) * T/N, which is the first PF of the PF(s) associated with the LO.
· For the codepoints,
· If >1, 
· The number of information bits in LP-WUS is .
· Alt 2: (the codepoints for each PO are consecutive)
· The codepoint for subgroup  in PO  is .
· The codepoint for all the subgroups in PO  is (.
· If 1, the number of information bits in LP-WUS is , and the codepoint for PO  is .
· Here UE_ID (for LP-WUS), N, NS,  and T are defined in TS 38.304

Agreement
For UE to determine whether a symbol is available for LP-WUS, at least the following is supported:
· A unit-level bitmap with a periodicity 10, 20, or 40 units and a 14-bit or 28-bit symbol-level bitmap that covers 1 or 2 slots can be configured, where each unit is 1 or 2 slots for 14-bit or 28-bit symbol-level bitmap, respectively, with a maximum periodicity of 40ms.
· ‘1’ in unit-level bitmap means the symbol level bitmap is applied to determine which symbols are unavailable in the unit for LP-WUS (‘0’ means unavailable).
· ‘0’ in unit-level bitmap means: all the symbols in the unit are unavailable for LP-WUS
· If the slot-level bitmap is not configured, UE assumes all 1’s for the bitmap.
· If the symbol-level bitmap is not configured, UE assumes all 1’s for the bitmap.

Agreement
For the handling of SSB for IDLE mode, the SSB symbols are considered as unavailable for LP-WUS, if SSB and LP-WUS overlap in frequency domain

Agreement
Nominal MO duration (X1, in unit of OFDM symbols) and actual LP-WUS duration (X2, in unit of OFDM symbols) are configured. (Alt C)
· A LP-WUS MO spans the nominal MO duration (i.e., the LP-WUS MO duration is the same as the nominal MO duration.)
· If the number of available OFDM symbols within the nominal MO duration is no less than the actual LP-WUS duration, UE monitors LP-WUS on the first X2 available symbols within the LP-WUS MO.
· Otherwise, UE does not monitor LP-WUS in this MO (i.e., the MO is dropped).
· Note: Any symbols that are not defined as unavailable are available symbols for LP-WUS.

Agreement
The starting time location of the first LP-WUS MO in a LO is configured by an offset w.r.t. the reference point, where the offset is a symbol-level offset

Agreement
If LP-SS is configured, the periodicity is configured with the candidate value set of {160ms, 320ms}.
· A time offset is configured for the first LP-SS occasion with reference to SFN0
· If the periodicity is 160ms, the candidate value set for the time offset is {0, 1, …, 159}ms.
· If the periodicity is 320ms, the candidate value set for the time offset is {0, 1, …, 319}ms.

Agreement
The number of MOs per beam per LO is configured by gNB, with candidate value set of {1, 2, 3, 4}.

Agreement
The candidate value set for the frame-level offset(s) is {8, 9, …, 200} in unit of frames.
· The minimum value can be modified depending on relevant RAN4 outcome

Agreement
For UE to determine the LP-SS occasions,
· One or two start symbol locations within a slot are configured.
· Candidate value range for each start symbol location: {0, 1, …, 10}.
· If one value is configured, there is one LP-SS occasion in a slot.
· If two values are configured, there are two LP-SS occasions in a slot.
· Starting from the slot for the first LP-SS occasion (determined from the periodicity/offset configuration for LP-SS), LP-SS occasions are present in this slot and the next (ceil(X/Y)-1) DL slots, where X is the number of SSBs determined according to ssb-PositionsInBurst in SIB1, and Y is the number of LP-SS occasions in a slot.
· UE expects the slot for the first LP-SS occasion is a DL slot.
· Note: a slot is a DL slot if all the symbols in the slot are indicated as DL symbols in tdd-UL-DL-ConfigurationCommon.
· Note: UE follows the configured resources for LP-SS processing. 

Agreement
In one LO, the start time location of a subsequent LP-WUS MO is determined implicitly at least based on the previous LP-WUS MO.
· No additional RRC configuration is provided.
· FFS whether/how to ensure a gap between two LP-WUS MOs

Agreement
The OFDM symbols configured for Type-0 CSS are considered as unavailable for LP-WUS if CORESET#0 and LP-WUS overlap in frequency domain.

Agreement
The UL symbols/slots configured in tdd-UL-DL-ConfigurationCommon are considered as unavailable for LP-WUS.

Agreement
If LP-SS overlap (including partial overlap) in time domain with the available symbols that may be used for LP-WUS transmission in a LP-WUS MO, UE does not monitor LP-WUS in this MO (i.e., the MO is dropped).

Agreement
For the EPRE ratio between LP-WUS/LP-SS and SSB (i.e. LP-WUS/LP-SS EPRE divided by SSB EPRE), separate configurations are provided for LP-WUS and LP-SS.
· The candidate value set for the EPRE ratio is {-3dB, 0 dB, 3 dB, 6 dB}.
· If M=1 for both LP-WUS and LP-SS, or M>1 for both LP-WUS and LP-SS, the difference between the two EPRE ratios shall be no larger than 3 dB. 
· If M=1 for LP-WUS and M>1 for LP-SS, the ERPE ratio for LP-SS minus the EPRE ratio for LP-WUS should be within the range of -6 dB to 0 dB.
Note: EPRE refers to EPRE in one OFDM symbol with non-zero power (from baseband perspective) LP-WUS/LP-SS transmission.

RAN1#122 agreements
Agreement
The 3 capabilities for UE’s wake-up delay in idle/inactive mode are defined as follows:
	SSB periodicity (ms)
	Wake-up delay (ms)
UE capability 1
	Wake-up delay (ms)
UE capability 2
	Wake-up delay (ms)
UE capability 3

	5/10/20
	70
	500
	900

	40
	130
	600
	1000

	80
	250
	800
	1200

	160
	490
	1200
	1600




Agreement
Following TP to Section 7.4, TS 38.212 is endorsed in principle.
	7.4	Wake-up information 
The wake-up information is carried by a wake-up signal as defined in clause 7.4.4 of [4, TS 38.211]. 
-	For a UE configured with higher layer parameter LP-WUS_LP-SS_startRB_IDLE_INACTIVE and operating in the RRC_IDLE or RRC_INACTIVE state, the wake-up information bit sequence  is the binary sequence of the codepoint as defined by Clause 10.4C of [5, TS38.213], where  is the most significant bit and  is
-	max(, 1) if , where  is configured by higher layer parameter PO-to-LO association and  is configured by higher layer parameter subgroupNumber_PO_LPWUS;
-	 if , where  is configured by higher layer parameter subgroupNumber_PO_LPWUS; 
===== unchanged text omitted =====



	Reason for change:
	The number of bits for the wake-up information for the case of  and  is 0, which is incorrect.

	Summary of change:
	The number of bits for the wake-up information for the case of  and  is set to 1.

	Consequences if not approved:
	Cannot support wake-up information for the case of  and .



Agreement
The value range for offset_firstMO_withinLO is:
· 15kHz SCS: 0-139 OFDM symbols
· 30kHz SCS: 0-279 OFDM symbols
· 120kHz SCS: 0-1119 OFDM symbols
Agreement
The value range for WUS_Actual_WUS_duration_IDLE/INACTIVE is:
· M=1: 2*[1-32] OFDM symbols
· M=2: 1-32 OFDM symbols
· M=4: 1-16 OFDM symbols

Agreement

	10.4C	PDCCH monitoring Following TP to TS 38.213 Clause 10.4C is endorsed in principle. activation by WUS in RRC_IDLE/RRC_INACTIVE
===== unchanged text omitted =====
A UE receives an LPSS in consecutive symbols within a slot. The UE can be provided one or two first symbols for respective one or two LPSS reception occasions in the slot by lpss-StartSymbol. The UE determines slots for LPSS reception occasions based on a periodicity and a time offset, relative to the start of a system frame with SFN 0, provided by lpss-periodicityoffset. Within a period of LPSS reception occasions, LPSS reception occasions are in a set of  consecutive slots that have all symbols indicated as downlink by tdd-UL-DL-ConfigurationCommon, if provided, and start from the first slot provided by the time offset in the period, where  is the number of transmitted SS/PBCH blocks indicated by ssb-PositionsInBurst in SIB1 and  is the number of LPSS reception occasions in a slot.
===== unchanged text omitted =====



	Reason for change:
	The reference point for LP-SS reception occasions is unclear.

	Summary of change:
	The reference point for LP-SS reception occasions is defined as the start of SFN0.

	Consequences if not approved:
	The reference point for LP-SS reception occasions is unclear.



Agreement
Following TP to TS 38.213 Clause 10.4C is endorsed in principle.
	10.4C	PDCCH monitoring activation by WUS in RRC_IDLE/RRC_INACTIVE
===== unchanged text omitted =====
A UE can be provided, by WUS_available_slot_IDLE/INACTIVE, a bitmap that corresponds to a set of time units that repeats continuously and indicates a subset of time units from the set of time units that is available for the UE to monitor WUS [12, TS 38.331].  A time unit includes one slot or two slots. A set of time units can be {10, 20 or 40} time units, but maximum of 40 msec. The first symbol of a set of time units every 40 msec/P periods is a first symbol in frame  mod 4 = 0, where P is the duration of a set of time units in msec. The UE can be additionally provided, by WUS_available_symbol_IDLE/INACTIVE, an indication of symbols in each time unit from the subset of time units that is available for the UE to monitor WUS. If the UE is not provided WUS_available_slot_IDLE/INACTIVE, the UE assumes that all time units are available for the UE to monitor WUS. If the UE is not provided WUS_available_symbol_IDLE/INACTIVE, the UE assumes that, for a time unit that is available for the UE to monitor WUS, all symbols in the time unit are available for the UE to monitor WUS. The UE assumes that a symbol is not available to monitor WUS when
-	the symbol is indicated as uplink, by tdd-UL-DL-configurationCommon 
-	the symbol is indicated for an SS/PBCH block transmission, by ssb-PositionsInBurst in SIB1, and the SS/PBCH block transmission would overlap in frequency with the WUS transmission
-	the symbol is indicated for PDCCH transmissions, by pdcch-ConfigSIB1, and CORESET 0 for the PDCCH transmissions would overlap in frequency with the WUS transmission
===== unchanged text omitted =====



	Reason for change:
	The reference point for applying unit-level bitmap is unclear.

	Summary of change:
	The reference point for applying unit-level bitmap is defined as SFN0.

	Consequences if not approved:
	The reference point for applying unit-level bitmap is unclear.




Agreement
The value range for LP-WUS_NominalMO_duration_IDLE/INACTIVE is:
FR1/FR2: [1-98] OFDM symbols (value of 1 is not applicable to M=1)
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