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Introduction
After the completion of the Rel-18 study item on low-power wake-up signal and receiver for NR (TR 38.869), the Rel-19 WI on LP-WUS/WUR was approved in RP-234056. One of the objectives is related to LP-WUS operation in idle/inactive mode:
	· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4) 



This contribution summarizes the discussions on LP-WUS operation in IDLE/INACTIVE modes in RAN1#116. 
Section 2 provides a summary of the agreements as the outcome of RAN1#116 discussions. Section 3 captures the proposals for online sessions. Section 4 documents the detailed discussions. Section 5 provides guidance for RAN1#116bis discussions. Agreements from previous meetings and companies’ proposals from the contributions are captured in the Appendix.
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.

Proposals for Online Sessions
Proposals for 2/27 Online
Proposal 2-1: 
Multi-beam operations are supported for LP-WUS and LP-SS.
Proposal 2-5: 
If the MR wakes up to monitor PO, the offset between LP WUS MO and PO should be sufficiently large to cover the time for LP-WUS detection, MR wake-up and resync time so that MR is ready for PDCCH/PDSCH reception.
Proposal 3-1r1: 
For UE behavior after receiving LP-WUS, consider the following options:
· Option 1: always monitoring legacy PO (paging PDCCH/PDSCH)
· Option 2: monitors legacy PO if PEI not configured, and monitors PEI otherwise
· Option 3: leave it to UE implementation whether to monitor legacy PO or PEI
· Option 4: dynamic PO
· [Option 5: configurable whether to monitor legacy PO or PEI]
· [Option 6: transmit PRACH]
Proposal 5-2: 
For idle/inactive mode, consider the following options for carrying the subgroup-based wake-up indication in LP-WUS:
· Option 1: a bitmap is included in the LP-WUS, with each bit of the bitmap corresponding to one subgroup
· Option 2: subgroup ID is included in the LP-WUS explicitly as part of the payload
· FFS one or multiple subgroup IDs in a LP-WUS
Proposed conclusion 5-4: 
For idle/inactive mode, deprioritize the discussion on carrying additional information (other than subgroup-based wake-up indication and cell information) in LP-WUS.

Proposed conclusion 6-3: 
For RRM measurements in LP-WUS operation for idle/inactive mode, relaxation for serving cell and neighbor cell measurements is left to RAN2/RAN4 to discuss. 
Proposal 2-2: 
LP-WUS occasions (LOs) are defined for LP-WUS monitoring.
· Each LO has one or more LP-WUS monitoring occasions (MOs), where UE 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 each LO is defined as a time window that covers the corresponding LP-WUS MOs
· FFS details
· Each UE has a periodicity for LO monitoring, and monitors one LO per period.
· FFS: A UE does not expect its LP-WUS monitoring occasions overlapping in time 
Proposals for 2/29 Online
Proposal 3-2r1 
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.
· Note: whether PEI monitoring is intended to be supported may still need to be discussed when/if we need to decide the value range for the offset between LP-WUS and PO.

Proposal 3-3: 
It is supported that the UE monitors the legacy PO after receiving LP-WUS indicating wake-up.
· FFS: support of UE monitoring dynamic PO

Proposal 5-1: 
For idle/inactive mode,
· The maximum payload size of LP-WUS is X bits, and X >= 8.
· The actual payload size of LP-WUS is configurable.
· FFS the exact value of X

Proposed conclusion 5-3: 
For idle/inactive mode, how the subgroup ID is determined for a UE for LP-WUS is left to RAN2 to decide.

Proposed conclusion 5-4: 
For idle/inactive mode, deprioritize the discussion on carrying additional information (other than subgroup-based wake-up indication and cell information) in LP-WUS.

Proposal 2-2r2: 
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 each LO is defined as a time window that covers the corresponding LP-WUS MOs
· FFS details
· Each UE has a periodicity for LO monitoring, and monitors one LO per period.
· 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)

Proposals for 3/1 Online
Proposal 2-2r4: 
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

Proposal 3-2r1 
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.
· Note: whether PEI monitoring is intended to be supported may still need to be discussed when/if we need to decide the value range for the offset between LP-WUS and PO.

Proposal 3-3: 
It is supported that the UE monitors the legacy PO after receiving LP-WUS indicating wake-up.
· FFS: support of UE monitoring dynamic PO

Proposal 5-1r1: 
For idle/inactive mode,
· The maximum number of information bits of LP-WUS is X bits, and X >= 8.
· The actual number of information bits of LP-WUS is configurable.
· FFS the exact value of X

Proposed conclusion 5-3: 
For idle/inactive mode, how the subgroup ID is determined for a UE for LP-WUS is left to RAN2 to decide.

Proposed conclusion 6-3r1: 
For RRM measurements in LP-WUS operation for idle/inactive mode, relaxation for of MR serving cell and neighbor cell measurements is left to RAN2/RAN4 to discuss.

Proposal 2-3r1: 
For the periodicity of LO for a UE in iDRX mode, down-select between the following two options:
· Option 1: it is the same as the iDRX cycle
· Option 2: it can be the same as or smaller than the iDRX cycle

PHY procedures
General
Question 1-1: 
Please share your views on whether we should support LP-WUS for eDRX for idle/inactive mode, and why.
	Company
	Comments

	Xiaomi
	Yes. The drawback of eDRX is long latency, to reduce latency, UE can be configured with some PO(s) outside PTW, and UE can be triggered by LPWUS to decide whether to wake up to monitor those PO outside PTW. It should be noted that,  UE can only be configured with PO within a time window outside PTW rather than the whole duration outside PTW. The case is like a middle state of I-DRX and eDRX, and achieves low latency than Edrx




	CATT
	We are OK for further discussed. 

	Qualcomm
	Yes. LP-WUS is beneficial for stationary UEs for that frequency RRM measurements are not needed. 

	Fujitsu
	We think it's unnecessary. We understand that the purpose of LP-WUS is to further UE power saving and to adapt to use cases with stringent latency requirements. Therefore, there is no need to use eDRX and LP-WUS simultaneously, as eDRX involves significant delays and requires regular activation.

	Sharp
	Y. in SI, the background for the study include both power saving and latency reduction. and according the evaluation for eDrx in TR, if only LP-WUS in PTW can be enabled, the power saving gain is maginal.

	Samsung 
	We are open to discuss LP-WUS for eDRX since it reduce the power consumption of UE in RRC idle/inactive mode, even though the latency is increasing.  

	vivo
	LP-WUS for eDRX should be studied. As observed in R18 LP-WUS TR 38.869 quoted below, when LP-WUS is applied, LP-WUS monitoring is not restricted in PTW, sufficient paging latency will be decreased.

-	Results in [8A-7], [8A-8], [8A-11] show that compared with eDRX mean paging latency (16.927~28.192) second, LP-WUS will result in mean paging latency (0.566~1.035) second, which decreases mean paging latency (96%~98%) if LP-WUS monitoring and the corresponding paging monitoring after MR wake-up is performed not restricted within existing PTW of eDRX.


	OPPO
	We are open to discuss about it.



LP-WUS configuration and monitoring
Here are some main proposals from the contributions on the LP-WUS configurations and monitoring:
	[1] Spreadtrum: Monitoring occasion is defined related to a PO (FFS whether an offset is defined)
[2] HW/HiSi: one or multiple monitoring occasions, aligned with OFDM symbol grid in legacy NR
[3] vivo: MO relative to PO
[5] CMCC: relative to LP-SS for OOK receiver, relative to PSS/SSS for OFDM receiver; the LP-WUS MO index can be based on the UE_ID and number of LP-WUS MOs within one LP-SS/LP-WUS periodicity/cycle
[6] CATT: configurations in SIB-1/SIB-x and/or NAS signaling; offset relative to the target PEI MO or PO; configuration of LP-WUS in frequency domain can be associated with the channel index. Multiple LP-WUS MOs to support beam sweeping
[7] NEC: multiple frequency bands in a carrier, periodicity and offset configured per frequency band; multiple MOs per PO for different group UEs to support a relatively small group size
[8] ZTE: UE group division by using FDM/TDM LP-WUS occasion; multiple occasions to support multiple beams and/or provide scheduling flexibility to gNB; periodicity aligned with iDRX/eDRX cycle, with an offset
[9] xiaomi: support beam sweeping; The power offset of LP-SS/LP-WUS compared to the power of SSB should be configured; multiple LP WUS monitoring occasions (LOs) within a cycle; support LP-WUS for eDRX
[11] Sharp: Support WUS monitoring outside of PTW when eDRX is configured for UE.
[16] Sony: Support time-frequency multiplexing of LP-WUS for different UEs to increase LP-WUS address/identification space.
[17] Lenovo: Continue to evaluate whether multiple FDMed LPWUS blocks correspondingly indicate different subgroups or group size indicated within the LPWUS content.
[18] Panasonic: The configuration of MOs of LP-WUS should consider the association between the LP-WUS and the PFs/POs and the supported sub-group number by the payload size, which is similar with DCI format 2_7. The MOs of LP-WUS should at least be determined by a cell-specific periodicity, a cell-specific offset and a UE or UE group specific offset
[18] Panasonic (LP-SS): LP-SS resource should be associated with that of LP-WUS. The frequency location of LP-SS should be aligned with LP-WUS as much as possible. In time domain, the LP-SS occasions should be 1 : N mapped to LP-WUS MOs. The LP-SS periodicity and N can be configured in the SIB. How many LP-SS is received before LP-WUS is up to UE implementation considering SINR conditions.
[20] Apple: offset relative to PO; multi-beam support; MR waking up from deep sleep state, in addition to ultra-deep sleep state, is supported, via supporting smaller value(s) for the offset between LP-WUS monitoring and PO.
[22] Ericsson: LP-WUS and LP-SS configuration is provided to the UE in a cell by system information. Further details of higher layer mechanisms can be discussed in RAN 2. Time offset relative to PO.
[22] Ericsson: Type of WUR capability supported in the cell, e.g., support for both OFDM and OOK-based WUR, or OFDM-based WUR only, or OOK-based WUR only, should be configurable by the NW.
[24] MediaTek: At least ramp-up time of 400 ms and 800 ms for MR are supported. Define LP-WUS MO as offset relative to PO. Duty-cycle of LP-WUS follows the paging cycle.
[26] LG: LP-WUS monitoring occasion is allocated with separated cycle from existing paging DRX cycle.
Once LP-WUS monitoring occasions are allocated, UE selectively monitors the monitoring occasions based on the UE ID
-	FFS: How to determine LP-WUS MO, e.g., in time domain and/or frequency domain
[27] Nordic: UE may be configured with monitoring occasions (MOs) for LP-WUS with symbol granularity. Discuss further whether MOs for a single UE can overlap or not.
[28] QC: In idle and inactive mode, the LP-WUS occasion is configured in two LP-WUS windows before the 1st and the 2nd SSB burst before the PO. Time offset between the LP-WUS window and the closest SSB burst is configured by network. Alternatively, the LP-WUS occasion is only configured in the LP-WUS window before the 2nd SSB burst before the PO.



On LP-WUS monitoring, there are some discussions regarding duty-cycled monitoring vs continuous monitoring.
· Duty-cycled: [2] HW/HiSi, [3] vivo, [11] Sharp, [14] Samsung, [16] Sony (configurable duty cycle), [22] Ericsson, [24] ETRI
· [2] HW/HiSi: Monitor duration can be equal to the monitoring periodicity
· [16] Sony: adaptive configuration where the UE can operate based on an always-on or a duty-cycle scheme

For the LP-WUS configuration parameters, the following aspects have been discussed:
· Parameters to determine LP-WUS monitoring occasions (e.g., time domain resources, association with a PO, frequency domain resources, …)
· Parameters for LP-SS (e.g., time domain resources, frequency domain resources, …)
· Parameters to determine the corresponding subgroup wake-up indication
· Power offset
· …

It seems that companies share the view that multi-beam or beam sweeping transmissions are supported for LP-WUS and LP-SS.
[CLOSED] Proposal 2-1: 
Multi-beam operations are supported for LP-WUS and LP-SS.
	Company
	Comments

	Moderator
	This was agreed during 2/27 online session. Discussion closed.



The following proposals assume that we support the duty-cycled monitoring for LP-WUS.

[CLOSED] Proposal 2-2: 
LP-WUS occasions (LOs) are defined for LP-WUS monitoring.
· Each LO has one or more LP-WUS monitoring occasions (MOs), where UE 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 each LO is defined as a time window that covers the corresponding LP-WUS MOs
· FFS details
· Each UE has a periodicity for LO monitoring, and monitors one LO per period.
· FFS: A UE does not expect its LP-WUS monitoring occasions overlapping in time 
	Company
	Comments

	Xiaomi
	Support

	CATT
	Under the first sub-bullet, what details will be FFS?

	Qualcomm
	We support Proposal 2-2 for duty-cycled LP-WUS.

	TCL 
	Support 

	Fujitsu
	We support the Proposal.

	Moderator
	@CATT, as the LO can have multiple LP-WUS MOs, the details include at least how the LP-WUS MOs are determined.

The proposal is updated to the following based on feedback from some companies:

Proposal 2-2r1: 
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 each LO is defined as a time window that covers the corresponding LP-WUS MOs
· FFS details
· Each UE has a periodicity for LO monitoring, and monitors one LO per period.
· FFS: A UE does not expect its LP-WUS monitoring occasions overlapping in time 
· FFS: monitoring of more than one LO per period e.g. if LP-WUS common to all UEs is supported or in case of eDRX (if supported)

	Samsung 
	Support proposal 2-2r1 in general. And agree with CATT’s comment that the FFS under the first bullet should be described more clearly, e.g., FFS: Details include at least how the LP-WUS MOs are determined. 

	vivo
	Support proposal 2-2r1. While for the added FFS, can proponent explain the intention a lot bit? Why LP-WUS common to all UEs, UE still need to monitor more than one LO per period?

	Nordic 
	OK,    it is enough to agree  “FFS multiple LO per period”  

	LG
	Support the proposal 2-2r1 in principle. 
First of all, since the multi beam operation are discussing for connected mode, this proposal needs to be subjected to IDLE/INACTIVE operation. We would like to add “At least for IDLE/INACTIVE operation,”  at the beginning of the proposal.
We also think “FFS multiple LO per period” should be enough. The examples may bring redundant discussion during online session.   

	Moderator
	Proposal 2-2r2: 
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 each LO is defined as a time window that covers the corresponding LP-WUS MOs
· FFS details
· Each UE has a periodicity for LO monitoring, and 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)

	Nokia1
	Fine with the proposal

	OPPO
	OK.

	Moderator
	The proposal is updated to the following based on further discussions: 
Proposal 2-2r3: 
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 each LO is defined as a time window that covers the corresponding LP-WUS MOs
· FFS details
· 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

	Huawei, HiSilicon
	We support to define the LO and MO to align the terminology between companies, and we are fine for the 1st bullet.
For the 2nd bullet, after further reading, it is a little strange for us that the main bullet is talking about the LO definition, and the 2nd bullet seems to be talking about UE behaviour. Therefore, we have the following suggestion for the 2nd bullet:
· Each UE has a periodicity for LO has a periodicity monitoring, and it is at least supported that a UE monitors one LO per period.


	CATT
	OK with the proposal. 

	Moderator
	Proposal 2-2r4: 
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


	Moderator
	P2-2r4 was agreed during online session



Proposal 2-3: 
For the periodicity of LO for a UE in iDRX mode,
· Option 1: it is the same as the iDRX cycle
· Option 2: it can be smaller than the iDRX cycle
	Company
	Comments

	Xiaomi
	Since LP WUS signal will typically occupy multiple symbols, if the periodicity is too small, resource overhead will be too large. we do not prefer Option 2.
Periodicity of LO can be condigured by gNB

	CATT
	We are OK with the proposal. A clarification may be needed, are we going to down select those two options or we can support both if applicable? 

	NEC
	We support option 2, and we think the periodicity of LO and iDRX cycle can be independently configured, it can be up to gNB implementation and we do not need to preclude smaller periodicity values.

	Qualcomm
	We support option 1 as a baseline. We are open to discuss the use case and benefit for option 2.

	TCL 
	We are not very clear on this proposal. Does the periodicity of LO means the periodicity of several MOs in a LO?

	Moderator
	@TCL, it is about the periodicity of LO itself, a concept similar to paging cycle.

	Samsung 
	Agree with Qualcomm’s comments. The use case and the benefits should be further discussed for option 2.

	vivo
	Option 1 is supported to be the baseline. 

	Nordic 
	Option 1 is sufficient for IDLE, give the basic iDRX is 1.28s which is comparable to MR wake-up time.

	LG
	Option 2. We think LP-WUS can be independent configuration. 

	Nokia1
	We think option 1 should be the baseline.

	OPPO
	Option 1 can be supported as baseline.

	Moderator
	The proposal is updated to the following based on further discussions: 
Proposal 2-3r1: 
For the periodicity of LO for a UE in iDRX mode, down-select between the following two options:
· Option 1: it is the same as the iDRX cycle
· Option 2: it can be the same as or smaller than the iDRX cycle

	Huawei, HiSilicon
	OK

	CATT
	OK with the updated proposal. 



Proposal 2-4r1: 
In case the periodicity of LO is the same as the iDRX cycle, for the association of LO and PO from cell perspective, consider the following options:
· Option 1: One-to-one mapping between LO and PO
· Option 2: One LO can be associated with multiple POs
· Option 3: Multiple LOs can be associated with one PO
· Note: each UE monitors one LO
· Combinations of the above are not excluded
· Note: this does not imply how LO is defined or configured
	Company
	Comments

	Xiaomi
	[bookmark: _Hlk157978382]Explicit association between LO and PO may not be necessary. For example, Within a duty cycle, there can be multiple LP-WUS monitoring occasions (LOs), each LO corresponds to a UE group. For example, assuming there are N LOs within duty cycle TLP-WUS, a UE can determine its corresponding LO index by its UE ID, similar as the mapping method used in PF/PO. A related figure is shown in Fig.1 with 4 LOs within a duty cycle TLP-WUS, each LO corresponds to one UE group.



In the above case, If UE receives LP WUS in LO, then UE will wake up and monitor its PO after wake up. There is no explicit mapping from LO to PO in this case.  


	CATT
	We are OK with the intention of this proposal. But can proponent explain more about the Option 3? 

	NEC
	We think explicit association between LO and PO is not necessary, because both the LO and PO can be associated with a UE-ID, UE can determine its target LO and target PO based on UE-ID, no additional association method is needed.

	Qualcomm
	We think option 1 and 3 can be prioritized.

	TCL 
	We support all options in this proposal 

	Fujitsu
	We support Option 2. The association between LP-WUS and POs, and how to define the association, depends on the detailed procedure. For PEI, mapping of up to 8 POs is supported based on the RRC configuration by po-NumPerPEI. Additionally, the number of POs associated with a PEI monitoring occasion can be configured by po-NumPerPEI. Considering the similarity between PEI and LP-WUS, RAN1 can start the discussion for LP-WUS based on the mechanism as PEI.

	Sharp
	support

	Samsung 
	Option 1 and option 2 can be discussed further in our opinion. For option3, more resource overhead may be needed and the benefits should be further discussed.

	Nordic
	OK, our preference is keep the design simple, i.e. Option 1

	LG
	Support 

	Moderator
	@all, first of all, I’d like to clarify this proposal does not necessarily imply the explicit mapping defined in the specs. The exact way to determine the LP occasion can be discussed in further detail later on.
@Xiaomi, it seems to me what you explain here belong to Option 3?
@CATT, the proponents of Option 3 would like to be able to support more subgroups with limited number of bits in one LP-WUS.

Proposal 2-4r2: 
In case the periodicity of LO is the same as the iDRX cycle, for the association of LO and PO from cell perspective, consider the following options:
· Option 1: One-to-one mapping between LO and PO
· Option 2: One LO can be associated with multiple POs
· Option 3: Multiple LOs can be associated with one PO
· Note: each UE monitors one LO
· Combinations of the above are not excluded
· Note: this does not imply how LO is defined or configured, or whether there is explicit mapping defined


	Nokia1
	Fine to consider these further.

	OPPO
	OK.

	Moderator
	The proposal is updated to the following based on further discussions:
Proposal 2-4r3: 
In case the periodicity of LO is the same as the iDRX cycle, for the association of LO and PO from cell perspective, consider the following options:
· Option 1: One LO is associated with one PO One-to-one mapping between LO and PO
· Option 2: One LO can be associated with multiple POs
· Option 3: Multiple LOs can be associated with one PO
· Note: each UE monitors one LO
· Combinations of the above are not excluded
· Note: this does not imply how LO is defined or configured/derived, or whether there is explicit mapping defined


	Huawei, HiSilicon
	First, we are not sure why the condition ‘the periodicity of LO is the same as the iDRX cycle’ is needed. Even for other cases, the three options may also exist. 
Second, the sub-bullet under option 3 may be too limited at this moment.
Therefore, we suggest the following changes:

 In case the periodicity of LO is the same as the iDRX cycle, for the association of LO and PO from cell perspective, consider the following options:
· Option 1: One LO is associated with one PO One-to-one mapping between LO and PO
· Option 2: One LO can be associated with multiple POs
· Option 3: Multiple LOs can be associated with one PO
· Note: each UE monitors one LO
· Combinations of the above are not excluded
· Note: this does not imply how LO is defined or configured/derived, or whether there is explicit mapping defined


	CATT
	OK with current version. 




There are some discussions regarding the offset between LP WUS MO and PO. Here are proposals from some companies:
· [2] HW/HiSi: The transition time required by wake-up processing, i.e. the time from LP-WUS processing in LP-WUR to MR ready for paging monitoring should be known by gNB.
· [3] vivo: UE capability report on wake-up delay
· [9] xiaomi: Suggest to specify wake-up delay for activating MR from sleep state
· [19] Nokia/NSB: RAN1 discusses and agrees for the configuration one common assumption for the minimum offset between LP-WUS and PO; RAN1 considers value in range of 400ms for the minimum offset between LP-WUS and PO; RAN1 discusses the need to set maximum time offset between LP-WUS and LP-SS from LR perspective
· [20] Apple: MR waking up from deep sleep state, in addition to ultra-deep sleep state, is supported, via supporting smaller value(s) for the offset between LP-WUS monitoring and PO.
The offset is expected to be large enough to cover LP-WUS detection, MR wake-up time and resync time (to be ready for PDCCH/PDSCH reception). For the details, as the input is somewhat limited, the moderator would like to raise some questions for companies to share views.
[CLOSED] Proposal 2-5: 
If the MR wakes up to monitor PO, the offset between LP WUS MO and PO should be sufficiently large to cover the time for LP-WUS detection, MR wake-up and resync time so that MR is ready for PDCCH/PDSCH reception.
	Company
	Comments

	Xiaomi
	Offset between LP WUS MO and PEI should also be considered

	CATT
	Agree with Xiaomi, since MR behaviour is still under discussion, the offset between LP-WUS MO and PEI should also be studied. 

	NEC
	It is true that the preparation time is needed, however it does not mean gNB cannot transmit the paging message before the end of preparation time, because gNB may be not aware of whether the target UE is monitoring LP-WUS (it may depend on the MR/LR measurement results), so gNB may transmit the paging information earlier for a UE which is assumed not monitoring LP-WUS. In addition, considering gNB can retransmit the paging message several times if the target UE does not respond, therefore the paging message will not be missed by the target UE even gNB start to transmit paging message before the preparation time.

	Qualcomm
	We agree with companies who mentioned that the UE behaviour on whether UE directly monitors the PO or first monitors PEI is still under discussion. Answer to proposal 2-5 depends on decision for this discussion. For that, we think UE monitoring PEI after LP-WUS before PO can be supported.

	TCL
	We support offset between the LP-WUS MO and PO, and we believe that offset is very necessary to consider due to the following two reasons: 
1. Offset can provide enough time for MR to wake and perform synchronization 
2. Offset can specify the exact location of LP-WUS in time domain, and thus reduce the LP-WUR blind detection complexity. 

	Fujitsu
	Agree with this proposal. Unlike UEs operating with PEI, which are roughly synchronized with the gNB in advance to PEI reception, UEs performing LP-WUS operations need to activate the MR from ultra-deep sleep mode, and the MR has to synchronize with the gNB, which might require longer time than that for PEI.

	Moderator
	Given the online discussion on 2/27, this proposal is no longer pursued, with the understanding that companies agree to the proposal in principle.



Question 2-1: 
For the offset between LP WUS MO and PO, please share your views on the following questions:
· Q1: should a single minimum wake-up delay offset be specified, or should UE capability report on minimum wake-up delay be supported?
· Q2: what is the consideration on the value range for the offset?
	Company
	Comments

	Xiaomi
	Seems we are mixing “offset” and “wake up delay” . wake up delay is depend on UE capability, and offset is determined by gNB configuration. Suggest to use “wake up delay” instead of “minimum offset”.
For Q1:
There can be different UE capability for wake up delay, and UE should report that to network

For Q2:
Can refer to simulation assumptions in R18 SI, as 400/800ms. Also open to be shorter.

	NEC
	As state in Proposal 2-5, we think an offset value may be not needed, it can be up to gNB implementation whether and how a time gap is configured between LO and PO. 

	Qualcomm
	For Q1: UE capability provides more flexibility on various UE implementations including implementation in the future. We prefer UE capability.

For Q2: the SI has used 400ms and 800ms as options for the ramp-up time. In RAN1 #110bis, the following notes were captured
· Ramp-up time may consist of the procedure for [main radio hardware tune on e.g., boot, memory load and etc.
· The total time for main radio transition from ultra-deep sleep to active/micro sleep state is the sum of ramp-up time and time for sync/re-sync
From the notes, the ramp-up time does not seem to include LP-WUS detection time. We think the SI assumptions can be used as start point, and companies revisit the ramp-up time and propose LP-WUS detection time and resync time.

	TCL 
	Single offset may be very restrictive for LP-WUS and MR transition time. The value range may be a better option for offset between LP-WUS MO and PO. 

	Moderator
	Indeed the question includes two aspects, one is the minimum wake-up delay from UE capability perspective, and the other is the offset configured by the gNB. Please share your views on both.

	Samsung 
	For Q1: UE capability may be needed for different ramp up time, but the single offset for idle/inactive UEs in a cell should be configured by NW based on the reported UE capability.

For Q2: if it means the wake-up delay for UE capability, 400ms and 800ms can be supported.

	vivo
	One clarification here, is LP WUS MO needs to be updated to LO? Since LO is a set of LP-WUS MO and there is no need to configure offset for each LP-WUS MO relative to PO. Besides, we think UE needs to report its supported wake up delay which is the time gap between UE detecting LP-WUS targeted to itself and its associated PO. 

	Nokia1
	Q1: It would be preferable to conclude to single value. If multiple values are enabled, then for practical deployment network needs to account the behaviour based on the longer one. Using both may be complicated e.g. if there is some minimum relation to LP-SS.
Q2: The reasoning for longer transition times was not very deeply discussed during the SI phase, and while two values were considered for the evaluations, agreeing to only single of 400ms would we our preference.



UE behavior after receiving LP-WUS
The following options have been discussed by companies for the UE behavior after receiving LP-WUS:
· Monitoring paging PDCCH (or replacing PEI)
· [1] Spreadtrum, [3] vivo (FFS PEI), [4] TCL, [8] ZTE/Sanechips, [16] Sony, [17] Lenovo, [22] Ericsson, [27] Nordic
· Monitoring PEI
· [17] Lenovo
· Dynamic PO
· [2] HW/HiSi, [8] ZTE, [11] Sharp, [26] LG
· No: [19] Nokia/NSB
· Transmit PRACH: [4] TCL, [16] Sony
· [4] TCL (Question from moderator: why does an idle/inactive UE need to re-establish connection?)
· No: [11] Sharp
· Up to UE implementation whether to monitor paging PDCCH or PEI
· [5] CMCC, [11] Sharp, [20] Apple
· Configurable whether to monitor paging PDCCH or PEI
· [9] xiaomi
· For UE triggered by LP-WUS to monitor existing PO, introducing a time window based on the reception of LP-WUS.
· [26] LG

[CLOSED] Proposal 3-1r1: 
For UE behavior after receiving LP-WUS, consider the following options:
· Option 1: always monitoring legacy PO (paging PDCCH/PDSCH)
· Option 2: monitors legacy PO if PEI not configured, and monitors PEI otherwise
· Option 3: leave it to UE implementation whether to monitor legacy PO or PEI
· Option 4: dynamic PO
· [Option 5: configurable whether to monitor legacy PO or PEI]
· [Option 6: transmit PRACH]
	Company
	Comments

	Qualcomm
	We support options that allow the UE to monitor PEI before PO. Generally speaking, the PDCCH based PEI can have a better UE subgrouping granularity than LP-WUS when everything else such as coverage and resource usage is the same. This suggests that UE can use both LP-WUS and PEI for maximum power saving.
Besides, as discussed in Proposal 2-5, if the UE is allowed to monitor PEI first, UE MR ramp-up time should use PEI location as the reference. Otherwise, the reference is the PO location. Then, it is not fully up to UE implementation whether UE can select to monitor PEI or PO after LP-WUS.
Based on these, we think option 5 is the best solution.

On option 4, dynamic PO seems not about the same design aspects of the other options. We think it should be separately discussed. 

	Fujitsu
	We support Option2.

	Sharp
	RAN2 has agreed that monitoring legacy PO is the baseline, so option1 should not be listed here for downselection.

	Moderator
	Please see new proposals below. Discussion closed.



After some further discussion with companies, it seems better we separate the discussion on PO monitoring and PEI monitoring. Therefore, it is split into the following two proposals.
For the monitoring of PEI, as it is currently left to UE implementation whether to monitor PEI or not in Rel-17, it does not seem possible or reasonable to mandate that the UE has to monitor PEI after receiving LP-WUS. Therefore, from UE behavior point of view, it should be left to UE implementation whether to monitor PEI or not. On the other hand, when we discuss the offset for LP-WUS monitoring, we may still need to discuss whether we intend to allow the UE to monitor PEI, i.e., to give UE sufficient time to wake up and prepare. But that will be separately discussed later.
[CLOSED] Proposal 3-2 
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.
	Company
	Comments

	Samsung 
	Actually, we agree PEI is an optional feature and UE should not be mandated to monitor it. In addition, whether monitor PEI after UE receives LP-WUS also depends on the LP-WUS design. If LP-WUS can replace PEI, UE should not monitor PEI since this duplicate monitoring will cost more power.

	vivo
	Support. As we commented in the off offline, it is up to UE implementation to monitor R17 PEI or not. This logic still applies irrespective LP-WUS is configured or not.

	Nordic
	Agree, but it has implications on how much offset is needed between LO and PO

	LG
	We agree the proposal, however, we have small concern that LP-WUS design may prohibit for UE to monitor PEI due to tight timeline or LO allocation. Could we add note like following?:
“Note: If PEI is configured, UE should be able to monitor PEI after UE receives LP-WUS indicating wake-up in terms of  LO allocation and MR wake-up delay”
 

	Moderator
	Proposal 3-2r1 
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.
· Note: whether PEI monitoring is intended to be supported may still need to be discussed when/if we need to decide the value range for the offset between LP-WUS and PO.


	Nokia1
	OK with the proposal

	OPPO
	OK.

	Huawei, HiSilicon
	OK

	CATT
	OK

	Moderator
	A modified version of the proposal was agreed during online.



[CLOSED] Proposal 3-3: 
Regarding the PO that a UE should monitor after receiving LP-WUS indicating wake-up, it It is supported that the UE monitors the legacy PO after receiving LP-WUS indicating wake-up.
· FFS: support of UE monitoring dynamic PO

	Company
	Comments

	Samsung 
	From our point of view, FFS is not needed. But if companies are OK for further discuss dynamic PO, we can accept to leave it as FFS.

	vivo
	OK.

	Nordic
	This is current status in RAN2.  Since monitoring LEGACY PO is agreed in RAN2, we should focus on designing of baseline first. 

RAN2 
· After waking up by a LP-WUS, capture the below solutions in the TR:
· Alt 1.1: UE could monitor paging DCI/paging;
· Alt 1.2: UE could monitor PEI, if configured and supported; FFS details on using LP-WUS and PEI together, e.g. subgrouping
· FFS Alt 2: UE could perform random access directly, FFS on whether and what condition/requirement is needed. R2 assumes that this require that LP-WUS includes UE_ID or equivalent. (Depends on LP-WUS capacity to carry information)
For Alt.1 above, after waking up by a LP-WUS, RAN2 assumes the baseline is the UE monitors the legacy PO.

	LG
	Support. It seems necessary to add “for IDLE/INACTIVE mode operation,”  for further discussion on 9.6.3.

	Nokia1 
	As discussed we would support focusing on the legacy PO operation to ensure transparent UE operation to the network.

	CATT
	OK with the proposal. 

	Moderator
	It was agreed during online session




LP-WUS entry/exit condition
For the entry/exit condition (or activation/deactivation) for LP-WUS monitoring, RAN1 had the following agreement in the SI phase:
Agreement
· For Idle/Inactive mode, following options for activation and deactivation of LP-WUS monitoring by LP-WUR for a UE can be considered for study
· Alt 1a: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS WUS monitoring is up to UE implementation.
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 1b: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 2: 
· activation and/or deactivation of LP-WUS monitoring in a cell is based on signalling.
· Paging misdetection performance shall not be impacted.

Using this agreement as the starting point, the following is a summary of companies’ views based on the contributions:
· Alt 1a: [6] CATT, [10] OPPO, [20] Apple, [22] Ericsson
· Alt 1b: [2] HW/HiSi (with possible exceptions), [3] vivo (also used to determine whether LR or MR performs RRM measurement), [5] CMCC, [6] CATT, [7] NEC, [8] ZTE, [9] xiaomi, [10] OPPO, [12] CTC, [13] InterDigital, [14] Samsung, [22] Ericsson, [24] ETRI, [25] MTK (?), [28] QC
· [3] vivo: Entry criteria is at least based on MR RRM measurement, FFS LR; Exit criteria is at least based on LR RRM measurement, FFS MR
· [7] NEC: LP-RSSI, LP-RSRP, Power ratio of OOK-ON symbol and OOK-OFF symbol, LP-SINR
· [8] ZTE: When UE monitors LP-WUS and the UE has not received the LP-WUS for a long time, it is suggested to consider fallback to legacy PO monitoring.
· [9] xiaomi: conditions for OOK-based LR and OFDM-based LR can be different.
· LR is deactivated and MR is activated when (1) UL transmission happens; (2) LP WUS indicating the UE to wake up is received; (3) The reception performance of LP-SS/LP-WUS falls below LR sensitivity; (4) The reception performance of LP-SS/LP-WUS falls below a threshold, which triggers the MR waking up for neighbouring cell RRM measurement.
· [13] InterDigital: Consider a mechanism to share UE entry/exit decisions to gNB.
· [14] Samsung: 
· When the RSRP and/or the RSRQ of the SSB in serving cell is better than a pre-configured threshold, LP-WUS monitoring is enabled and the synchronization and RRM measurement should be performed based on LP-SS for IDLE/INACTIVE modes.
· UE stop monitoring LP-WUS when the fallback condition is satisfied:
· RSRP and/or RSRQ of LP-WUS/LP-SS are less than the threshold configured by system information;
· UE haven’t received LP-WUS for a pre-configured time duration
· [22] Ericsson: It should be possible to configure different entry/exit conditions based on supported WUR types, if any.
· [25] MTK: Entry/exit condition for LP-WUS monitoring can be based on the outcome of serving cell measurement by LP-WUR.
· Alt 2: [1] Spreadtrum, [4] TCL, [7] NEC, [8] ZTE (?), [24] ETRI
· [1] Spreadtrum: cell-level signaling in SIB
· [4] TCL: activation: a trigger from the gNB (e.g. payload in LP-SS); deactivation: SIB
· [7] NEC: gNB indication (e.g. RRC release message)
· [6] CATT: The UE falls back to legacy mechanism when UE determines the LP-WUS detection errors happening.

Proposal 4-1: 
For the entry/exit conditions for LP-WUS monitoring,
· If the serving cell measurement performed by the LR is below a threshold configured by the gNB, the UE monitors the legacy PO/PEI and stops LP-WUS monitoring.
· FFS the serving cell measurement metrics
· The threshold may be configured differently for different types of LR.
· If the serving cell measurement performed by the MR is above a threshold configured by the gNB, the UE may start LP-WUS monitoring and stop the legacy PO/PEI monitoring.
· FFS the serving cell measurement metrics
· The threshold may be configured differently for different types of LR.
· FFS other conditions
	Company
	Comments

	Xiaomi
	Generally OK

	CATT
	Why we need the ‘The threshold may be configured differently for different types of LR.’ For the MR serving cell measurement bullet? 

	NEC
	Support the proposal.


	Qualcomm
	We support the proposal as a starting point for UE LP-WUR entry/exit discussion. 
For the exit condition, does it assume the MR and LR are operating in the same carrier and band?

	TCL 
	We are not clear on the motivation of threshold for the entry/exit condition of LP-WUS monitoring. 

	Fujitsu
	We support the proposal

	Samsung 
	It seems that the first bullet is for exit condition and the second bullet is for entry condition. For clarification, we suggest to add “For exit condition” and “For entry condition” in the front of the first and second bullet, respectively.

	vivo
	In general, we agree that Entry criteria is at least based on MR RRM measurement, FFS also consider based on LR RRM measurement; Exit criteria is at least based on LR RRM measurement, FFS also consider based on MR RRM measurement. 
One clarification for entry condition in the second sub-bullet, “The threshold may be configured differently for different types of LR.” is not required and needs to be deleted since only MR RRM measurement based entry condition is mentioned here. 

	Nordic 
	Please consider RAN2 SI agreement in RAN1 discussion
RAN2 agreement
· Entry/exit condition(s) of using LP-WUS is configured in SIB. 
· FFS via RRC dedicated signaling, e.g. by RRC release.
· Entry condition(s) of using LP-WUS include at least good serving cell quality, e.g. the serving cell quality measurement on LR and/or serving cell quality measurement on MR is better than configured threshold(s) in SIB. Other condition(s) is not precluded/FFS.  
· UE stops using LP-WUS when exit condition(s) configured in SIB is fulfilled. The exit condition(s) includes at least out of coverage of LP signaling, e.g. the serving cell quality measured by LR is less than the configured threshold in SIB, FFS on measurement on MR.


	LG
	We support the proposal for the baseline of entry/exit condition. 

	Huawei, HiSilicon
	Generally fine.
But not sure whether this belongs to RAN2 discussion.



LP-WUS payload size and content
This is a summary of companies’ views on the payload size and the related subgrouping function:
· [1] Spreadtrum: 1 (no subgrouping) to X bits (with subgrouping)
· [2] HW/HiSi: configurable
· [3] vivo: >= 8 subgroups
· [8] ZTE: large number of subgroups
· [17] Lenovo: at least support PEI functionality, FFS 12, 16, 41 bits and other sizes
· [19] Nokia/NSB: {8, 16, 24} bits, 4 or 8 subgroups per PO, map multiple Pos to one LP-WUS
· [22] Ericsson: <= 8 bits, configurable
· [25] MTK: Subgroup indication up to 8 subgroups can be carried by LP-WUS for an associated PO in Rel-19. (No core-network/RAN3 impact)

Proposal 5-1: 
For idle/inactive mode,
· The maximum payload size of LP-WUS is X bits, and X >= 8.
· The actual payload size of LP-WUS is configurable.
· FFS the exact value of X

Proposal 5-1a: 
For idle/inactive mode,
· Up to X subgroups for a PO are supported. X is no less than 8. FFS the exact value of X
· configurable
	Company
	Comments

	CATT
	Proposal 5-1:  Seems that the payload size should be discussion in AI-9.6.1.
Proposal 5-1a:  Same as Rel-17 PEI, 8 should be supported. Introducing X subgrouping where X is larger than 8 may bring some works for higher layer.  

	NEC
	Support.

	Qualcomm
	For Proposal 5-1, there is a similar discussion in AI-9.6.1. We prefer to use AI-9.6.1 to discuss the payload size.
For proposal 5-1a, the proposal can be further consolidated to X=8.

Proposal 5-1a: 
For idle/inactive mode,
· Up to X subgroups for a PO are supported. X is no less than 8. FFS the exact other values of X
· configurable

	TCL
	We generally support this proposal. However, in our view the payload size should be defined according to the number of maximum subgroups which are targeted by the LP-WUS. 

	Samsung 
	We prefer to make it more clear for the “configurable”, the modification can be shown as
Proposal 5-1a: 
For idle/inactive mode,
· Up to X subgroups for a PO are supported. X is no less than 8. FFS the exact value of X
· The number of subgroups can be configurable


	vivo
	For proposal 5-1, we prefer to discuss it in AI 9.6.1 since it is more related to the WUS signal design including the signal structure, target SNR, system overhead etc.
For proposal 5-1a, we support it. And no less than 8 subgroups will be beneficial for power saving.

	Nordic 
	Support.

	LG
	Support 

	Moderator
	Proposal 5-1a_r1: 
For idle/inactive mode,
· Up to X subgroups for a PO are supported. X is no less than 8. FFS the exact value of X
· The actual number of subgroups per PO is configurable.


	Nokia1
	OK

	Moderator
	After further discussions, the plan for this meeting is to focus on Proposal 5-1. It is updated to the following:
Proposal 5-1r1: 
For idle/inactive mode,
· The maximum number of information bits payload size of LP-WUS is X bits, and X >= 8.
· The actual number of information bits payload size of LP-WUS is configurable.
· FFS the exact value of X


	Huawei, HiSilicon
	OK

	
	



For the mechanism to carry the subgroup-based wake-up indication,
· Bitmap: [7] NEC (flag-based or toggle-based), [9] xiaomi
· Subgroup ID: [2] HW/HiSi (bit length configurable), [4] TCL, [28] QC
· Independent between LP-WUS and PEI: [5] CMCC, [28] QC

Proposal 5-2: 
For idle/inactive mode, consider the following options for carrying the subgroup-based wake-up indication in LP-WUS:
· Option 1: a bitmap is included in the LP-WUS, with each bit of the bitmap corresponding to one subgroup
· Option 2: subgroup ID is included in the LP-WUS explicitly as part of the payload
· FFS one or multiple subgroup IDs in a LP-WUS
	Company
	Comments

	Xiaomi
	Both are OK.

	NEC
	We support option 1 which has better flexibility and efficiency.

	Qualcomm
	Our proposal (details in AI-9.6.1 which is included as the reference of [28]) is to use sequence-based LP-WUS to indicate one or multiple subgroups. It falls in the high-level category of “subgroup ID”. We added our name to the second sub-bullet above. 
We updated the option 2 description to include our proposal more precisely.

· Option 2: subgroup ID is included in the LP-WUS explicitly as part of the payload or associated with a sequence.

	TCL
	In our understanding, option 2 is not aligned with the main bullets of the proposal. The main bullet of the proposal is about carrying the subgroup based wake up indication in the LP-WUS, and the option 2 targets the information through which the subgroups are targeted. Therefore we support option 1 only. 

	Samsung 
	Option 1 seems more straightforward. For option 2, we are open to discuss this direction.

	Vivo
	OK to discuss.

	Nordic 
	Option 1 is baseline in our opinion

	LG
	Fine to have both.

	OPPO
	OK for discussion.

	Huawei, HiSilicon
	OK for listing both of them.
Regarding TCL’s proposal, 

	CATT
	What is the different between the structure related discussion in AI-9.6.1 and Proposal 5-2? For us, both are talking about how LP-WUS carries subgroup-ID.  The structure is still on discussion in AI-9.6.1, seems that the sequence-based design is precluded based on Proposal 5-2.  



[CLOSED] Proposed conclusion 5-3: 
For idle/inactive mode, how the subgroup ID is determined for a UE for LP-WUS is left to RAN2 to decide.
	Company
	Comments

	Xiaomi
	Support.

	CATT
	Support

	NEC
	Support, however the maximum number of subgroup IDs can be discussed in RAN1.

	Qualcomm
	We support the proposal. Our understanding is before RAN2 makes the decision, RAN1 does not assume PEI and LP-WUS always follow the same subgrouping.

	TCL 
	Support 

	Samsung 
	Support 

	vivo
	Support 

	Nordic 
	Yes

	LG
	Support in principle, however, we think the number of subgroup and the factor determining the number of subgroup can be discussed in RAN1. 

	Nokia1
	This would in my understanding fall to Ran2 spesification.

	OPPO
	Support.

	Huawei, HiSilicon
	OK, and we agree with NEC and LG that the number of subgroups should be discussed in RAN1, since it is related to power saving gain and power saving gain is only evaluated in RAN1.

	Moderator
	A modified version of the proposal was agreed during online session.



Cell information: [4] TCL, [17] Lenovo (FFS)

Question 5-1: 
For idle/inactive mode, should cell information be considered for LP-WUS? This can be full or partial cell ID information, or anything that can be used to differentiate different cells.
	Company
	Comments

	Xiaomi
	Seems more suitable to convey cell ID in LP-SS.

	CATT
	With limited payload size, I do not think LP-WUS can carry full or partial cell ID. 

	NEC
	Considering the very limited payload size, it is not reasonable to carry cell information in LP-WUS.

	Qualcomm
	We do not think idle/inactive mode LP-WUS needs to carry cell ID information.

	TCL 
	In case Cell information is known to the UE through LP-SS, then there is no need to include cell information in LP-WUS. 

	Fujitsu
	Agree with Xiaomi, when conducting RRM measurements for the serving cell using LP-SS, LP-SS should be cell-specific because cell-ID needs to be identified from LP-SS detection.

	Samsung 
	Not necessary.

	Vivo
	No, cell information should not be considered to be carried by LP-WUS since the limited payload size of LP-WUS. And the subgrouping indication is the only need for the LP-WUS content.

	Nordic 
	should be in LP-SS

	LG
	If it is necessary for LP-SS measurement, it would be good to convey cell ID on LP-SS

	Nokia1
	Cell-ID or some similar form of identification could be carried in LP-SS

	Huawei, HiSilicon
	Cell info can be considered in LP-SS, and partial cell ID may be enough.




Here are companies’ views on the additional information that can be potentially carried in LP-WUS:
· [10] OPPO: Additional information, such as cell information, SI change and ETWS/CMAS information, tracking area information and RAN area information, can be contained by LP-SS or with the overlaid OFDM sequences.
· [12] CTC: UE ID, UE group ID and subgroup ID need to be contained in the LP-WUS contents, and other system information should not be considered to avoid coverage range issues.
· [13] InterDigital: Support update of system Information via LP-WUS indication among preconfigured sets.
· [17] Lenovo: RAN1 can wait for the RAN2 decision to consider whether to include SI change and ETWS/CMAS information, tracking area information, and RAN area information
· [22] Ericsson: There is no need to include extra information other than the subgroup indication in LP-WUS
· [26] LG: Prioritize to discuss on UE identification and grouping in terms of LP-WUS contents and deprioritize to discuss on side information such as SI update and ETWS/CMAS.
· [28] QC: For idle and inactive modes, the LP-WUS does not carry other information than paging indication which includes the system information modification, ETWS, CMAS and stop of paging monitoring.

Proposed conclusion 5-4: 
For idle/inactive mode, deprioritize the discussion on carrying additional information (other than subgroup-based wake-up indication and cell information) in LP-WUS.
	Company
	Comments

	CATT
	Support. It is already a challenge for LP-WUS to have the same indication function as PEI i.e. one PEI can associated with maximum 4POs and 8 subgroup can be supported for each PO. 

	NEC
	Agree.

	Qualcomm
	We support the proposal.

	TCL 
	Support.

	Samsung 
	Support.

	Vivo
	As commented in Q5-1, only subgrouping indication is the required LP-WUS content. Other information should be deprioritized from RAN1 perspective.

	Nordic 
	Agree

	LG
	Support

	OPPO
	Support.



RRM measurements
Here is a summary of companies’ views on RRM measurement related issues:
· Metrics for LR based RRM measurement:
· [1] Spreadtrum: LP-RSRP, LP-SINR
· [7] NEC: LP-RSSI, LP-RSRP, Power ratio of OOK-ON symbol and OOK-OFF symbol, LP-SINR
· [9] xiaomi: RSSI/RSRP/RSRQ/SINR
· RRM measurement relaxation:
· Serving cell measurement offloading from MR to LR
· [1] Spreadtrum: if RSRP/RSRQ of serving cell > threshold
· Serving cell RRM measurement relaxation without offloading to LR
· [1] Spreadtrum: up to RAN4
· Neighbor cell RRM measurement 
· [1] Spreadtrum: relaxation up to RAN4
· [9] xiaomi: support eighbour cell measurement by OFDM-based LR
· [13] CTC: Information on neighboring cells should be supported in LP-WUS.
· [7] NEC: (1) MR measurement is triggered by the measurement result of LR; (2) UE performs both MR measurement (with relaxed periodicity) and LR measurement.
· [27] Nordic: RAN1 needs to decide what is the target S(I)NR for RRM measurement accuracy. -3dB should be a starting point.

It is good to clarify which of these aspects are discussed in RAN1 and which are discussed in RAN2/RAN4.

Proposed conclusion 6-1: 
For RRM measurements in LP-WUS operation for idle/inactive mode, the following aspects are discussed in RAN1:
· RRM measurement metrics
· Target SINR for RRM measurement accuracy
	Company
	Comments

	CATT
	OK

	NEC
	Support

	Qualcomm
	Our understanding is RAN4 will discuss the same design topics based on their own evaluations and RAN4 has the right to make the final decision. Can we first clarify how to avoid potential contradiction/duplicated work between RAN1 and RAN4 if both WGs work on the same design topics?

	TCL 
	Support 

	Moderator
	@QC and all,
To clarify, the intention is to decide which aspects are discussed in RAN1 so that the necessary information can be sent to RAN2/RAN4 so that they can work on this objective. We will not make the decision for them, and we should also try to avoid any duplicate work. This proposal is for RAN1 to discuss RRM measurement metrics and target SINR, and provide our input to RAN2/RAN4.

	Samsung
	It should be discussed in RAN4.

	Nordic 
	Support

	OPPO
	Support.



Proposed conclusion 6-2: 
For RRM measurements in LP-WUS operation for idle/inactive mode, conditions for offloading RRM serving cell measurement from MR to LR can be discussed in RAN1. (Note: This can be related to entry/exit conditions.)
	Company
	Comments

	Xiaomi
	support	

	CATT
	OK with principle. 

	NEC
	Support

	Qualcomm
	Same view as Proposal 6-1.

	TCL 
	Support 

	Moderator
	Please see comment for the proposed conclusion 6-1.

	Samsung 
	The condition for offloading RRM serving cell measurement from MR to LR can be discussed in RAN1 since it related to the entry/exit conditions in our view.

	Vivo
	Support. From our understanding, the RRM measurement switching between MR and LR can use the same criteria with the entry/exit criteria of LP-WUS monitoring. For example, UE performs LR based RRM measurement when it enters LP-WUS monitoring. 

	Nordic 
	No, this should be discussed in RAN2



Proposed conclusion 6-3: 
For RRM measurements in LP-WUS operation for idle/inactive mode, relaxation for serving cell and neighbor cell measurements is left to RAN2/RAN4 to discuss. 
	Company
	Comments

	Xiaomi
	support

	CATT
	Support

	NEC
	Support

	Qualcomm
	Support

	TCL 
	Support 

	Samsung 
	Support

	vivo
	Support 

	Nordic 
	Support

	Nokia1
	To clarify: “relaxation of MR based serving cell and neighbour cell measurements…”

	OPPO
	Support

	Huawei, HiSilicon
	Support 

	Moderator
	Proposed conclusion 6-3r1: 
For RRM measurements in LP-WUS operation for idle/inactive mode, relaxation for of MR serving cell and neighbor cell measurements is left to RAN2/RAN4 to discuss.



On the RRM measurement metrics, the following was agreed during the SI:
Agreement
· For at least RRM serving cell measurement performed by LP-WUR based on reference signal(s), RAN1 identified at least the following metrics for further study and evaluation (including feasibility, complexity, power consumption, etc)
· LP-RSSI or Energy detection: linear average of total received power over a RSSI resource. 
· FFS RSSI resource.
· LP-RSRP: linear average of received power of resource of reference signal(s) or signal(s) parts. 
· FFS resource of reference signal(s) or signal(s) parts
· LP-SINR = LP-RSRP/(power of interference and noise) 
· FFS how to define “power of interference and noise”
· LP-RSRQ= [N x] LP-RSRP/LP-RSSI, where N is the factor of resource size difference for evaluation LP-RSRP and LP-RSSI. 
· Accounting AGC accuracy, ADC of at least 4 bits is required. 
· Note: Reference signal for performing measurements can be e.g. SSB (PSS/SSS/PBCH DMRS), LP-WUS-waveform sequence, LP-SS
· Note: The definition of metrics could be further refined based on future study 

Proposal 6-4: 
From RAN1 perspective, at least the following metrics can be supported for RRM serving cell measurement performed by LP-WUR based on reference signal(s):
· LP-RSRP
· For OOK-based receiver, LP-RSRP is the linear average of received power of LP-SS in OOK “On” symbols.
· LP-RSRQ
· For OOK-based receiver, LP-RSRQ = LP-RSRP/LP-RSSI, where LP-RSSI is the linear average of total received power in OOK symbols.
· FFS: LP-RSSI, LP-SINR, Power ratio of OOK-ON symbol and OOK-OFF symbol
	Company
	Comments

	Xiaomi
	Generally ok.

	CATT
	The LP-RSRQ should as be FFS due it  is related with LP-RSSI. 

	NEC
	Support

	Qualcomm
	We are fine with the principle of the proposal from RAN1 perspective. But we have concerns on potential contradiction/duplicated work between RAN1 and RAN4 as we expressed in Proposal 6-1. How do we avoid that?

	TCL 
	Support 

	Moderator
	My understanding is that historically the measurement metrics are discussed in RAN1, and TS 38.215 is RAN1 responsibility. This is exactly why it is proposed to study this in RAN1.

	Samsung 
	Support in general. The definition should be defined in RAN1 but how to use it should belong to RAN4.

	vivo
	Support 

	Nordic 
	Support

	Nokia1
	I would suggest to consider these, and then decide the feasibility once we better understand e.g. the LP-SS design and target operation point

	OPPO
	Support 

	Huawei, HiSilicon
	For LP-RSRP, based on our understanding, UE may first estimate the noise level based on ‘OFF’ symbols and then calculate RSRP based on ‘ON’ symbols. Does such kind of definition (i.e. only based on ‘ON’ symbols) also allow such possibility of processing?
Another question is, when we talk about ‘linear average’, it is average to what? Per OFDM symbol or per OOK symbol? Similar question also to RSSI.



Other
Recommendation from the moderator: discuss the following in AI 9.6.1
· LP-WUS/LP-SS bandwidth
· LP-SS periodicity
· Whether preamble is present in LP-WUS
· OOK-1/OOK-4 waveform and overlaid sequence

Guidance for RAN1#116bis Discussions
For RAN1#116bis discussion, it is recommended that the following issues are NOT discussed in AI 9.6.2. They should be discussed in AI 9.6.1 instead.
· LP-WUS/LP-SS bandwidth
· LP-SS periodicity
· Whether preamble is present in LP-WUS
· OOK-1/OOK-4 waveform and overlaid sequence

It is recommended that companies focus on the issues related to the following questions/proposals for RAN1#116bis discussions, taking into account what has already been agreed in RAN1#116. It is also important that we clarify what should be discussed in RAN1 vs what should be left to RAN2/RAN4, so that we do not duplicate the discussions in multiple WGs.
Question 1-1: 
Please share your views on whether we should support LP-WUS for eDRX for idle/inactive mode, and why.

Proposal 2-3r1: 
For the periodicity of LO for a UE in iDRX mode, down-select between the following two options:
· Option 1: it is the same as the iDRX cycle
· Option 2: it can be the same as or smaller than the iDRX cycle

Proposal 2-4r3: 
In case the periodicity of LO is the same as the iDRX cycle, for the association of LO and PO from cell perspective, consider the following options:
· Option 1: One LO is associated with one PO One-to-one mapping between LO and PO
· Option 2: One LO can be associated with multiple POs
· Option 3: Multiple LOs can be associated with one PO
· Note: each UE monitors one LO
· Combinations of the above are not excluded
· Note: this does not imply how LO is defined or configured/derived, or whether there is explicit mapping defined

Question 2-1: 
For the offset between LP WUS MO and PO, please share your views on the following questions:
· Q1: should a single minimum wake-up delay offset be specified, or should UE capability report on minimum wake-up delay be supported?
· Q2: what is the consideration on the value range for the offset?

Proposal 4-1: 
For the entry/exit conditions for LP-WUS monitoring,
· If the serving cell measurement performed by the LR is below a threshold configured by the gNB, the UE monitors the legacy PO/PEI and stops LP-WUS monitoring.
· FFS the serving cell measurement metrics
· The threshold may be configured differently for different types of LR.
· If the serving cell measurement performed by the MR is above a threshold configured by the gNB, the UE may start LP-WUS monitoring and stop the legacy PO/PEI monitoring.
· FFS the serving cell measurement metrics
· The threshold may be configured differently for different types of LR.
· FFS other conditions

Proposal 5-1r1: 
For idle/inactive mode,
· The maximum number of information bits payload size of LP-WUS is X bits, and X >= 8.
· The actual number of information bits payload size of LP-WUS is configurable.
· FFS the exact value of X

Proposal 5-1a_r1: 
For idle/inactive mode,
· Up to X subgroups for a PO are supported. X is no less than 8. FFS the exact value of X
· The actual number of subgroups per PO is configurable.

Question 5-1: 
For idle/inactive mode, should cell information be considered for LP-WUS? This can be full or partial cell ID information, or anything that can be used to differentiate different cells.

Proposed conclusion 5-4: 
For idle/inactive mode, deprioritize the discussion on carrying additional information (other than subgroup-based wake-up indication and cell information) in LP-WUS.

Proposed conclusion 6-1: 
For RRM measurements in LP-WUS operation for idle/inactive mode, the following aspects are discussed in RAN1:
· RRM measurement metrics
· Target SINR for RRM measurement accuracy

Proposed conclusion 6-2: 
For RRM measurements in LP-WUS operation for idle/inactive mode, conditions for offloading RRM serving cell measurement from MR to LR can be discussed in RAN1. (Note: This can be related to entry/exit conditions.)

Proposed conclusion 6-3: 
For RRM measurements in LP-WUS operation for idle/inactive mode, relaxation for serving cell and neighbor cell measurements is left to RAN2/RAN4 to discuss. 

Proposal 6-4: 
From RAN1 perspective, at least the following metrics can be supported for RRM serving cell measurement performed by LP-WUR based on reference signal(s):
· LP-RSRP
· For OOK-based receiver, LP-RSRP is the linear average of received power of LP-SS in OOK “On” symbols.
· LP-RSRQ
· For OOK-based receiver, LP-RSRQ = LP-RSRP/LP-RSSI, where LP-RSSI is the linear average of total received power in OOK symbols.
· FFS: LP-RSSI, LP-SINR, Power ratio of OOK-ON symbol and OOK-OFF symbol
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Appendix A: Agreements from previous meetings

Appendix B: Proposals from contributions
[1]	R1-2400066	Discussion on LP-WUS operation in IDLE/INACTIVE modes	Spreadtrum Communications
	Procedures: Triggering MR to wake up
Proposal 1: At least LP-WUS replace wake-up indication(s) in PEI can be supported.

Configurations: Content of information bits in an LP-WUS
Proposal 2: An LP-WUS can be at least configured with from 1 bit for one PO without subgroup to X bits for one PO with subgroup.

Configurations: Occasion of an LP-WUS
Proposal 3: Occasion of an LP-WUS can be related to a PO.
Proposal 4: Whether occasion of an LP-WUS is determined by offset between occasion of an LP-WUS and the associated PO is FFS.

Entry/exit condition
Proposal 5: Network can inform UEs whether the cell is transmit LP-WUS or not by DL signaling, e.g. SIB1/SIBx.

RRM measurement: RRM measurement metrics by LP-SS
Proposal 6: At least LP-RSRP and LP-SINR for LR based RRM measurement can be supported from RAN1 perspective.

RRM measurement: RRM measurement relaxation for serving cell
Proposal 7: When signal quality (e.g. RSRP/RSRQ) of serving cell is greater than a threshold, RRM measurement for serving cell at MR can be relaxed (RRM measurement for serving cell can be offloaded from MR to LR).
Proposal 8: Whether to support RRM measurement relaxation for serving cell at MR without offloading from MR to LR can be discussed in RAN4.

RRM measurement relaxation: RRM measurement relaxation for neighboring cell
Proposal 9: Whether to support further RRM measurement relaxation for neighboring cell can be further discussed in RAN4.




[2]	R1-2400124	Procedures and functionalities of LP-WUS in IDLE/INACTIVE mode	Huawei, HiSilicon
	Observations:
Observation 1: Due to the extremely high transition energy of ultra-deep sleep, little power saving gain and even negative power saving gain may be introduced by LP-WUS, if the effective paging rate is high.
Observation 2: To get good power saving gain, the effective paging rate of LP-WUS should be better to < 3%.
Observation 3: The evaluation assumption that only 10 UEs monitoring the same PO may be not reasonable for LP-WUS design, which should be re-discussed.
Observation 4: To achieve effective paging rate <=3%, up to ~20-bit information to distinguish a group/subgroup may be needed.
Observation 5: Larger FAR leads to lower power saving gain due to additional MR transition.
Observation 6: If no occasion is defined UE may attempt to demodulate LP-WUS at each sampling point, which increase the FAR of LP-WUS detection.
Observation 7: Defining occasion for LP-WUS is helpful to reduce the number of attempts, which can reduce the FAR and thus increase the power saving gain.
Observation 8: Continuous monitoring can be supported by configuring the monitor duration equaling to the monitoring periodicity.
Observation 9: LP-WUR can assist the re-sync procedure of MR, which can reduce the power consumption and latency.
Observation 10: Deploying LP-WUS in only some bands/carriers helps to reduce the cost of LP-WUR and the system overhead of the network, thus the number bands/carriers supported by LP-WUR can be less than for the MR.

Proposals:
Proposal 1: For LP-WUS, UEs are configured to monitor one or multiple LP-WUS occasions and each occasion can convey a block of information bits.
· The bit length of the block of information is configurable or determined only from RRC configurations.
· One LP-WUS occasion comprises of one or multiple OFDM symbols.
· Note: The OFDM symbol refers to the symbols after the processing “iFFT+CP” in S7.2.1.1 of TR 38.869
· FFS details of the pre-DFT sequences that refers to the input to the DFT/LS processing block in S7.2.1.1 of TR 38.869
· The size of pre-DFT sequence set
· Sequence generation/selection
· FFS the mapping from a block of information bits to pre-DFT sequences and OFDM symbols
· FFS: whether the series of pre-DFT sequences to wake up a UE only depends on UE-specific predetermined information
Proposal 2: The block of information bits carried in LP-WUS monitoring occasion contains group ID information whose bit length is configurable to support various network deployments, UE densities and traffic statistics. 
Proposal 3: Cell information can be indicated by LP-SS.
Proposal 4: The monitoring occasion for LP-WUS is defined and its starting location is configured before monitoring.
Proposal 5: The starting symbol of LP-WUS occasion is aligned with the symbol grid of legacy NR system. 
Proposal 6: Monitor duration can be equal to the monitoring periodicity for duty-cycle monitoring of LP-WUS, which provides gNB more flexibility.
Proposal 7: The following issues need to be discussed to support duty-cycle monitoring of LP-WUS
a) How to balance the tradeoff between collision probability and LP-WUR power consumption.
b) How to reduce the network resource/energy for common information transmission.
c) How to provide system level timing information for a LP-WUR to locate its monitoring duration.
Proposal 8: Entry/exit of LP-WUS monitoring are based on preconfigured criteria, while some exception cases where the criteria are not applied can be introduced.
Proposal 9: For shorter paging latency, additional PO can be monitored by a UE that is waken-up by LP-WUS where the time gap between the additional PO and the received LP-WUS signal is not less than the transition time required by wake-up processing.
Proposal 10: The transition time required by wake-up processing, i.e. the time from LP-WUS processing in LP-WUR to MR ready for paging monitoring should be known by gNB.
Proposal 11: Study whether time and frequency information of LP-WUR can be utilized by MR to reduce the transition time, e.g. reducing the time of re-sync procedure of MR.
Proposal 12: For Idle/Inactive mode, a UE can be informed which neighboring cells LP-WUS feature is enabled in.



[3]	R1-2400254	Discussion on LP-WUS operation in IDLE/INACTIVE modes	vivo
	Proposal 1: Support the following UE behavior for LP-WUS monitoring:
· UE needs to monitor PO, if UE’s group/subgroup is woken up by LP-WUS.
· UE is not required to monitor a PO, if UE does not detect LP-WUS at all LP-WUS occasion(s) for the PO.
· FFS: if PEI is also configured.
Proposal 2: Support no less than 8 subgroups per PO carried by LP-WUS. 
Proposal 3: For RRC idle/inactive mode, whether UE enters/exits LP-WUS monitoring is based on preconfigured criteria by the Network, i.e. 
· If the entry criteria is satisfied, UE starts LP-WUS monitoring, and legacy PO is monitored only when UE is woken up by LP-WUS.
· If the exit criteria is satisfied, UE exits LP-WUS monitoring and fallback to legacy monitoring behavior e.g., UE performs PEI or PO monitoring.
Proposal 4: Support the following UE behavior on RRM measurement:
· If the entry criteria of LP-WUS monitoring is satisfied, UE performs LR RRM measurement;
· If the exit criteria of LP-WUS monitoring is satisfied, UE performs MR RRM measurement.
Proposal 5: The entry /exit criteria of LP-WUS monitoring can be based on MR and/or LR RRM measurement.
· Entry criteria: serving cell quality at least based on MR RRM measurement.
· FFS: also based on LR RRM measurement.
· Exit criteria: serving cell quality at least based on LR RRM measurement.
· FFS: also based on MR RRM measurement.
Proposal 6: Support to report UE capability on wake-up delay, which is the time offset between woken up by LP-WUS and be ready for PO reception. 
Proposal 7: Support to configure LP-WUS relative to PO/PF. And the offset between LP-WUS and PO/PF is decided by
· Ramp up time from ultra-deep sleep state
· Sync time
Proposal 8: Support duty-cycled LP-WUS monitoring for RRC idle/inactive mode.



[4]	R1-2400273	Discussion on LP-WUS Operation in IDLE/INACTIVE state	TCL
	Observation 1: In idle/inactive mode, including additional information in LP-WUS design such as SI change, ETWS/CMAS information, tracking area, and RAN area information could increase overhead, which may result in higher complexity and power consumption of LP-WUR.
Observation 2: Using the existing UE ID, UEs subgroup ID in the content of LP-WUS may result in significant overhead and increased complexity in decoding the LP-WUS. 
Observation 3: The utilization of PSS, SSS, PBCH, DMRS, and other reference signals for LP-WUR based RRM measurement may introduce complexity in signal decoding at the LP-WUR, and impact the legacy procedures of the MR. 
Observation 4: For the activation/de-activation of LP-WUS monitoring in the idle/inactive state, Alt1a and Alt1b are not feasible options since they focus on the transmission of both PEI and LP-WUS, which increase the UE power consumption. 
Observation 5: The activation and deactivation of LP-WUS monitoring are two separate features/functions. In the idle/inactive state, the signaling used for deactivation of LP-WUS monitoring may not be suitable for LP-WUS activation.
Observation 6: In idle/inactive state SIB can only be feasible for deactivating the LP-WUS monitoring. 
Observation 7: In idle/inactive state configuring LP-WUS monitoring together with PEI monitoring may trigger the MR of UE by two times, one time by LP-WUS to wake up and one time by PEI to indicate paging, which may increase the UE power consumption.  
Observation 8: In idle/inactive state the MR trigger of a UE via the LP-WUS can be consider as an indication for a UE to monitor the upcoming PO, which can replace the Rel-17 PEI. 

Proposal 1: The content of LP-WUS for idle/inactive state may include the UEs group/subgroup ID and the cell information.  
Proposal 2: RAN1 to study a low overhead temporary subgroup ID through which UEs are targeted. 
Proposal 3: For idle/inactive state UE the temporary subgroup ID of LP-WUS can be mapped to the existing paging subgroups IDs, to target the UEs in paging subgroup for wake up its main radio.
Proposal 4: Support periodic LP-SS for the LP-WUR based RRM measurements. 
Proposal 5: For the activation of LP-WUS monitoring, a trigger from the gNB, such as a payload in the form of a bitmap carried in the LP-SS, can be used to activate LP-WUS monitoring in the idle/inactive state. 
Proposal 6: To deactivate the LP-WUS monitoring in idle/inactive state, the SIB can be utilized. 
Proposal 7: Consider the LP-WUS as an alternative option for paging early indication. 
Proposal 8: The following procedures can be considered after the MR of UE wake-up from ultra-deep sleep
· Perform PO monitoring, and afterwards follow legacy procedures
· Transmit PRACH for initial access, and follow legacy procedures



[5]	R1-2400339	Discussion on LP-WUS operation in IDLE/INACTIVE modes	CMCC
	Proposal 1. For the activation of LP-WUS monitoring by LP-WUR for a UE, the following options can be considered:
· Option 1: based on gNB-to-UE signaling, which gNB indicates UE the activation of LP-WUS monitoring;
· Option 2: based on UE-to-gNB signaling, which UE requests gNB to activate the LP-WUS monitoring;
· Option 3 (preferred): based on gNB-to-UE signaling and pre-configured criteria, which gNB indicates UE the activation of LP-WUS monitoring and whether UE performs LP-WUS monitoring is based on pre-configured criteria, e.g., measurement threshold.
And the following threshold can be considered for option 3:
· A MR RSRP threshold;
· A MR RSRP variation threshold within a period of time, and based on that, UE can decide whether it should enter LP-WUS monitoring;
· A MR RSRP threshold and a MR RSRP variation threshold within a period of time, and based on that, UE can decide whether it should enter LP-WUS monitoring;
· A MR RSRP/RSRQ threshold for inter-frequency measurement for the frequency where LP-WUS operates.
Proposal 2. For the deactivation of LP-WUS monitoring by LP-WUR for a UE, consider UE exists the LP-WUS monitoring based on pre-configured criteria, e.g., LP-WUR measurement threshold. The MR measurement should be relaxed or offloaded. The deactivation should consider the measurement results for both LP-WUR and MR if applicable. 
Proposal 3. LP-WUS is used to indicate UE whether to monitor paging in RRC_IDLE/INACTIVE modes similar as PEI, but it is not necessary to define the relationship between LP-WUS and PEI.
Proposal 4. The subgrouping between LP-WUS and PEI is independent, e.g., separate subgroup number, separate association with PF/PO.
Proposal 5. LP-SS is used as the reference time for determining LP-WUS monitoring occasions for OOK receiver.
Proposal 6. PSS/SSS is used as the reference time for determining LP-WUS monitoring occasions for OFDM receiver.
Proposal 7. For LP-WUR regardless receiver architecture, the LP-WUS MO index can be based on the UE_ID and number of LP-WUS MOs within one LP-SS/LP-WUS periodicity/cycle.



[6]	R1-2400445	System design and procedure of LP-WUS operation for UE in IDLE/Inactive Modes	CATT
	Proposal 1：UE capability of the support of LP-WUS can be indicated during UE registration procedure through NAS procedure.
Proposal 2: The parameters of LP-WUS configuration can be indicated by SIB-1/SIB-x and/or NAS signaling.
Proposal 3: For RRC_IDLE/INACTIVE modes UEs, the offset value of the LP-WUS monitoring occasion relative to the target PEI monitoring occasion/PO should be configured based on the transition time of different sleep mode and the DRX cycle.
Proposal 4: The configuration of the LP-WUS in frequency domain can be associated with the channel index.
Proposal 5: Multiple LP-WUS monitoring occasions should be configured in support of beam sweeping with each LP-WUS monitoring occasion associated with one SSB.
Proposal 6: The paging subgroup indication by LP-WUS would depend on the number of information carried by LP-WUS in the LP-WUS design.
Proposal 7: The parameters for the mapping of the information point carried by the LP-WUS to the paging subgroup can be provided by NAS and/or derived from the parameters broadcasted by the system information. 
Proposal 8: For LP-WUS triggering waking up UE MR for PO monitoring, the LP-WUS should be designed to support the paging subgroup information with limited payload. 
Proposal 9: For LP-WUS triggering PEI monitoring, the LP-WUS is not required to carry the paging subgroup information but can carry the paging subgroup information to reduce the potential wakeup of UE MR for UE power saving.
Proposal 10: The LP-WUS detection can up to UE implementation or determined by a predefined threshold. 
Proposal 11: The UE falls back to legacy mechanism when UE determines the LP-WUS detection errors happening. 



[7]	R1-2400474	Discussion on LP-WUS operation in RRC IDLE/INACTIVE mode	NEC
	Proposal 1: for duty-cycle based monitoring, introduce a definition of LP-WUS monitoring occasion (LO), and UE monitors LP-WUS in LOs.
Proposal 2: for RRC-IDLE/INACTIVE, the LP-WUS configuration indicates one or more LP-WUS frequency bands in a carrier, and for each LP-WUS frequency band, a periodicity and an offset of LOs are comprised in the configuration.
Proposal 3: for the subgrouping in RRC-IDLE/INACTIVE, UE firstly determine a subset of LOs based on its UE-ID or a PF/PO index that it is intended to monitor, and then UEs associated with a same subset of LOs are further divided into different subgroups.
Proposal 4: for the LP-WUS content, support bitmap based indication for multiple UE subgroups.
Proposal 5: further study toggle based wake-up indication and flag based wake-up indication, and take the miss-detection issue into account.
Proposal 6: support UE enter LP-WUS monitoring based on gNB indication (e.g., RRC release message) and UE exit LP-WUS monitoring based on wake-up indication in LP-WUS.
Proposal 7: support UE enter or exit LP-WUS monitoring based on measurement result on LP-SS, study the following measurement metrics: LP-RSSI, LP-RSRP, Power ratio of OOK-ON symbol and OOK-OFF symbol, LP-SINR.
Proposal 8: study the following two options of RRM measurement: (1) MR measurement is triggered by the measurement result of LR; (2) UE performs both MR measurement (with relaxed periodicity) and LR measurement.
Proposal 9: study the following RRM measurement metrics for LR measurement: LP-RSSI, LP-RSRP, Power ratio of OOK-ON symbol and OOK-OFF symbol, LP-SINR.



[8]	R1-2400496	Discussion on LP-WUS operation in IDLE/INACTIVE mode	ZTE, Sanechips
	Observation 1: Compared with LP-WUS triggering PEI monitoring, LP-WUS triggering PO monitoring at least has benefits of access latency, specification efforts.
Observation 2: Since PEI is not a mandatory capability for legacy NR UE, LP-WUS+PEI+Paging cannot be designed as a baseline monitoring procedure.
Observation 3: The false wake-up by LP-WUS is less tolerable than PEI due to the ramp-up power consumption.
Observation 4: Compared with LP-WUS based legacy PO monitoring, LP-WUS based dynamic PO monitoring has benefits of latency reduction and UE power saving.

Proposal 1: For LP-WUS in IDLE/INACTIVE mode, LP-WUS triggering PO monitoring should be supported as baseline.
Proposal 2: In IDLE/INACTIVE mode, 
· When the UE supports LP-WUS function and gNB configures LP-WUS, the UE is supposed to monitor LP-WUS if channel condition is satisfied. FFS other preconfigured criteria.
· When UE monitors LP-WUS and the UE has not received the LP-WUS for a long time, it is suggested to consider fallback to legacy PO monitoring. 
Proposal 3: In IDLE/INACTIVE mode, LP-WUS activation and deactivation via gNB is required.
· gNB controllable threshold for UE activation and/or deactivation of LP-WUS monitoring is required.
Proposal 4: The number of groups can be determined based on the total number of UEs in a tracking area.
Proposal 5: For LP-WUS in IDLE/INACTIVE mode, larger group number is pursued in order to ensure a lower probability of the unnecessary ramp up and paging monitoring.
Proposal 6: For LP-WUS in IDLE/INACTIVE mode, in order to support a larger number of UE groups, the following two ways should be further studied.
· a larger payload size for LP-WUS
· UE group division by using FDM/TDM LP-WUS occasion
Proposal 7: For LP-WUS in IDLE/INACTIVE mode, relationship between LP-WUS and PO should be further studied.
· Alt1: LP-WUS occasion is associated with one PO
· Alt2: LP-WUS occasion is associated with multiple POs
Proposal 8: For LP-WUS in IDLE/INACTIVE mode, dynamic PO can be considered.
Proposal 9: Unified LP-WUS monitoring scheme should be designed for I-DRX and eDRX
Proposal 10: For LP-WUS monitoring, multiple occasions are required for each duration in each cycle if any.
Proposal 11: For duty cycle LP-WUS in IDLE/INACTIVE mode, the periodicity aligned with I-DRX and the offset could be considered.
Proposal 12: For duty cycle LP-WUS in IDLE/INACTIVE mode, the periodicity aligned with eDRX cycle and LP-WUS monitoring occasions before each DRX in PTW can be considered.



[9]	R1-2400570	Discussion on LP-WUS operation in Idle/Inactive modes	xiaomi
	Proposal 1: Restricted by LP WUR capability, LP-WUS/LP-SS and signals/channels used by MR can be on different carriers or different bands.
Proposal 2: The detailed LP WUR supporting bands requirement is up to RAN4 to decide.
Proposal 3: Support BW of LP-WUS/LP-SS is not greater than 5 MHz for FR1.
Proposal 4: Support BW of LP-WUS is configurable, and support LP WUS BW being different for RRC idle/inactive and RRC connected states.
Proposal 5: Support beam sweeping pattern of LP-WUS.
Proposal 6: The power offset of LP-SS/LP-WUS compared to the power of SSB should be configured.
Proposal 7: Support UE activation and/or deactivation of LP-WUS monitoring based on preconfigured criteria
Proposal 8: LR sensitivity requirement for OOK-based LR and OFDM-based LR should be defined by RAN4.
Proposal 9: Conditions to activate LR for UE with OOK-based LR and UE with OFDM-based LR can be different.
Proposal 10: LR is deactivated and MR is activated when (1) UL transmission happens; (2) LP WUS indicating the UE to wake up is received; (3) The reception performance of LP-SS/LP-WUS falls below LR sensitivity; (4) The reception performance of LP-SS/LP-WUS falls below a threshold, which triggers the MR waking up for neighbouring cell RRM measurement.
Proposal 11: Conditions to activate MR for serving/neighbour cell measurement for UE with OOK-based LR and UE with OFDM-based LR can be different.
Proposal 12: Support duty cycle monitoring of LP-WUS, with multiple LP WUS monitoring occasions (LOs) within a cycle. And UE can determine its corresponding LO index by its UE ID.
Proposal 13: At least wake up indication at the granularity of UE subgroup should be carried in LP WUS.
Proposal 14: UE can be configured whether to go with Procedure 1(LP-WUS->PEI->PO) or Procedure 2(LP-WUS-> PO).
Proposal 15: Suggest to specify wake-up delay for activating MR from sleep state.
Proposal 16: RRM measurement reference signal can be LP-SS and PSS/SSS.
Proposal 17: For LP-SS, RRM measurement metrics can be RSSI/RSRP/RSRQ/SINR.
Proposal 18: For OOK-based LR and OFDM-based LR with time domain detection, how to modify the definition of the metrics is for RAN4 to decide.
Proposal 19: Totally offloading and partially offloading of serving cell measurement from MR to LR can both be considered.
Proposal 20: Criteria for whether to apply totally offloading or partially offloading can be based on (1)measurement results by LR, (2) gNB configuration.
Proposal 21: Support neighbouring cell measurement by MR.
Proposal 22: Support neighbouring cell measurement by OFDM-based LR.
Proposal 23: Support relaxing of neighbouring cell measurement by MR.
Proposal 24: Support LP WUS applied for eDRX to reduce paging latency.



[10]	R1-2400591	Discussion on LP-WUS operation in RRC_IDLE/INACTIVE modes	OPPO
	Proposal 1: A unified LP-WUS design can be used for IDLE/INACTIVE mode, as well as CONNECTED mode.
Proposal 2: The periodicity of LP-SS can use 320ms as baseline. It can be further studied 80ms, 160ms and 640ms as additional periodicity.
Observation 1: LP-SS without overlaid OFDM sequences can provide simple design for all types of LP-WUR. And it can only be used for coarse time/frequency synchronization of LP-WUR
Observation 2: LP-SS with overlaid OFDM sequences can provide additional useful information in addition to synchronization, which is beneficial for LP-WUR, e.g. on LP-WUS monitoring, PCI indication, group/sub-group indication.
Proposal 3: LP-SS is overlaid with same type of sequences same as that for LP-WUS. Further consider information carried by overlaid OFDM sequences.
Proposal 4: The UE activation and/or deactivation of LP-WUS monitoring can be up to UE implementation and/or based on pre-configuration criteria.
Proposal 5: LP-WUS should at least contain the information on which user(s) is/are target by the LP-WUS, and UE group/sub-group information should be considered.
Proposal 6: Additional information, such as cell information, SI change and ETWS/CMAS information, tracking area information and RAN area information, can be contained by LP-SS or with the overlaid OFDM sequences.
Proposal 7: To define new metric and threshold that can be used by LP-WUR for RRM measurement.
Proposal 8: To define the condition(s) that MR can be turned on/off, and LP-WUR can be turned on/off.



[11]	R1-2400635	Discussion on LP-WUS operation in IDLE/INACTIVE modes	Sharp
	Proposal 1: Random access directly after waking up by LP-WUS shall not be supported.
Proposal 2: It can be up to UE implementation on whether UE also monitor PEI when LP-WUS is configured.
Proposal 3: Support dynamic PO associated with LP-WUS monitoring for UE in IDLE/ INACTIVE mode.
Proposal 4: Only duty cycle monitoring shall be supported for UE in IDLE/INACTIVE mode.
Proposal 5: Support WUS monitoring outside of PTW when eDRX is configured for UE.



[12]	R1-2400671	Discussion on LP-WUS operation in IDLE/INACTIVE modes	China Telecom
	Observation 1: LP-WUS monitoring based on preconfigured criteria is more reasonable to avoid continuous monitoring in poor channel condition.
Proposal 1: Whether a preamble is needed should be based on the specific scenario.
-	Option 1 is selected if T1+T2 > tolerance value
-	Option 2 is selected if T1+T2 < tolerance value
Proposal 2: UE ID, UE group ID and subgroup ID need to be contained in the LP-WUS contents, and other system information should not be considered to avoid coverage range issues.
Proposal 3: LP-SS/LP-WUS configuration in the T/F resources needs further discussion
-	LP-SS periodicity value should be confirmed and the potential beam sweeping mechanism can be considered in the time domain resource configuration
-	Different carrier configurations can be considered in LP-WUS/LP-SS frequency domain configuration 
Proposal 4: Support Alt 1b for the LP-WUS activation/deactivation method.
Proposal 5: Activation/deactivation criteria should be confirmed, such as an LP-WUS signal strength threshold value.
Proposal 6: UE will prepare for paging monitoring when the MR part is wakened up, and whether the legacy PEI procedure is needed should be discussed if the PEI function has been supported in the LP-WUS.
Proposal 7: RRM relaxation and new RRM measurement metric for WUR should be discussed.



[13]	R1-2400685	Discussion on LP-WUS operation in IDLE/INACTIVE modes	InterDigital, Inc.
	Observation 1: MR should be turned on when UE needs to listen upcoming PO to avoid frequent MR activation and achieve more power saving gain.
Observation 2: Including PEI related information in LP-WUS reduces latency of supporting paging related procedure by directly monitoring subgroups without receiving PEI.
Observation 3: Information on neighboring cells is beneficial for offloading RRM measurement from MR to LP-WUR.
Observation 3: Identification of system information change via LP-WUS is beneficial, but frequent activation of MR to receive updated SI should be avoided.
Observation 4: Information on neighboring cells is beneficial for offloading RRM measurement from MR to LP-WUR.
Observation 5: Considering lower coverage of LP-WUR, entry/exit mechanism should ensure channel quality of LP-WUS reception.
Observation 6: As LP-WUR measures LP-SS for time/frequency tracking and RRM measurement, measured LP-SS quality can be reused for assessment of channel conditions for entry/exit of LP-WUS monitoring. 
Observation 7: Handling entry/exit conditions of LP-WUS monitoring for different UEs makes gNB implementation complex considering various entry/exit conditions with different LP-WUR implementations. 
Observation 8: OFDM based LP-WUR has potential benefits of early paging due to early decoding termination of LP-WUS. 
· The benefits depend on configuration of paging occasions.

Proposal 1: Target UE related information should be included in LP-WUS.
Proposal 2: Information supported in PEI should be supported in LP-WUS.
Proposal 3: Support update of system Information via LP-WUS indication among preconfigured sets.
Proposal 4: Information on neighboring cells should be supported in LP-WUS.
Proposal 5: Support channel measurement-based entry/exit of LP-WUS monitoring.
· Whether to use NR-SS or LP-SS for OFDM receivers can be further discussed.
Proposal 6: Support preconfigured criteria for entry/exit conditions of LP-WUS monitoring.
Proposal 7: Consider a mechanism to share UE entry/exit decisions to gNB.
Proposal 8: Consider a mechanism to support early paging of OFDM based LP-WUR which terminated LP-WUS decoding in advance of OOK based LP-WUR.



[14]	R1-2400744	LP-WUS operation in IDLE/INACTIVE modes	Samsung
	Proposal 1: For RRC_IDLE/RRC_INACTIVE mode, information carried by LP-WUS can include:
· Identification (UE-group ID, or UE-subgroup ID);
· Indication on whether to trigger the paging monitoring;
· FFS: If the payload size allows, other information to support additional functionality such as SI change and ETWS/CMAS information, tracking area information, and RAN area information.
Proposal 2: Support DRX operation for LP-WUS monitoring, wherein the DRX configuration can be provided to the UE by system information for RRC_IDLE and RRC_INACTIVE mode.
Proposal 3: The LP-WUS DRX cycle can be equal to the integer number of PO/DRX cycle/paging frame. 
Proposal 4: The time location of LP-WUS cycle can be determined by a reference point and one or more offset(s), which can be configured by system information.
Proposal 5: The time gap between the end position of the LP-WUS monitoring occasion and the reference point should be larger than both the MR ramp-up time and the synchronization time considered (e.g. at least > 400ms).
Proposal 6: For time domain resource allocation of LP-WUS:
· Beam sweeping transmission of LP-WUS shall be considered;
· TDM with other signal(s) and channel(s) shall be supported.  
Proposal 7: For frequency resource allocation of LP-WUS:
· Frequency location of LP-WUS shall be flexible;
· FDM with other signal(s) and channel(s) in the same numerology shall be supported;
· BW of LP-WUS is fixed in an integer number of PRBs or a number of MHz.
Proposal 8: For synchronization signal for LP-WUS, periodic LP-SS transmitted separately from LP-WUS should be supported.
Proposal 9: The frequency location of LP-SS can be determined by a reference point and an offset, the reference point can be the start position of SSB or CORESET#0, and the offset can be configured by system information.
Proposal 10: LP-SS power control parameter can be determined based on the EPRE ratio between LP-SS to the SSB.
Proposal 11: Beam sweeping transmission of LP-SS shall be further studied.
Proposal 12: Whether to reuse the subgrouping for PEI or design a new subgrouping for LP-WUS shall be further discussed.
Proposal 13: When the RSRP and/or the RSRQ of the SSB in serving cell is better than a pre-configured threshold, LP-WUS monitoring is enabled and the synchronization and RRM measurement should be performed based on LP-SS for IDLE/INACTIVE modes.
Proposal 14: UE stop monitoring LP-WUS when the fallback condition is satisfied:
· RSRP and/or RSRQ of LP-WUS/LP-SS are less than the threshold configured by system information;
· UE haven’t received LP-WUS for a pre-configured time duration
Proposal 15: Whether monitor PEI after LP-WUS detection is determined by the function of LP-WUS. The relationship between LP-WUS and PEI should be further studied:
· Option 1: only LP-WUS is monitored;
· Option 2: PEI is monitored after LP-WUS detection (if support);
· Option 3: whether to monitor PEI can be up to UE implementation.



[16]	R1-2400864	LP-WUS operation in IDLE / INACTIVE modes	Sony
	Observation 1 – The operation of LP-WUR based on duty-cycling is necessary to reduce the total power consumption. The long transition time to wake-up the main radio from ultra-sleep time together with sleep time of the duty-cycle can prevent some UEs from meeting the delay requirement.
Observation 2 – There could be a case where the LP-WUS is defined to have full cell coverage, still the LP-WUR may not be able to detect the LP-WUS.
Proposal 1 – Support a configurable operation of duty-cycled LP-WUS monitoring to be done with respect to the existing DRX configuration or a stand-alone DRX configuration for LP-WUR.
Proposal 2 – Support an adaptive configuration where the UE, depending on its delay requirement, can operate based on an always-on or a duty-cycle scheme. 
Proposal 3 – After LP-WUS detection, the UE enters monitoring for paging occasion, i.e., waking up the main receiver for PDCCH and PDSCH reception. 
Proposal 4 – After LP-WUS detection, support to directly enter random access procedure, i.e., switching on the transmitter, in scenarios where the number of UEs with LP-WUR functionality is limited and they can be addressed directly using LP-WUS.
Proposal 5 – Support to include information related to the UE identity in the LP-WUS structure.
Proposal 6 – Support sequence-based identification LP-WUS design.  
Proposal 7 – Support time-frequency multiplexing of LP-WUS for different UEs to increase LP-WUS address/identification space.
Proposal 8 – It should be possible to use the MR to verify whether LP-WUS is actually out of coverage, or just temporarily not able to detect LP-WUS due to channel condition.
Proposal 9 – In order to avoid ping-pong behaviours, a time widow can be used. The UE switches on its MR to evaluate the channel condition only if no LP-WUS received/detected by the UE within this time-window.
Proposal 10 –Consider synchronisation based on an aperiodic signal/sequence transmitted as part of LP-WUS.
Proposal 11 – Adjust periodicity of LP-SS according to duty-cycled monitoring of LP-WUS, the LP-WUS structure.



[17]	R1-2400884	Discussion on LP-WUS operation in Idle/Inactive modes	Lenovo
	Proposal 1: Consider candidate maximum LPWUS size supported for the LPWUS design excluding CRC for the idle mode/inactive mode:
· to support PEI functionality   
· FFS 12, 16, 41 bits and other sizes.   
Proposal 2: Consider LPWUS content which includes wake up bit and continue to discuss whether to include Y bits for subgroup size, X bits cell id/part of cell id etc., 
Proposal 3: RAN1 can wait for the RAN2 decision to consider whether to include SI change and ETWS/CMAS information, tracking area information, and RAN area information.
Proposal 4: Consider default LPWUS BW size of 5MHz for the idle/inactive mode UEs. 
Proposal 5: Continue studying In-band Vs out-of-band deployment options for LPWUR due to:
· Better coverage at lower frequency. 
· Increased payload size due to less repetition needed to attain MR Msg-3 coverage thereby supporting more functionality at LPWUR.
· Not supporting RRM measurement offloading from MR.
Proposal 6: Consider OOK-1 as the LP-SS waveform with overlaid sequence for the baseline 
Proposal 7: Continue to evaluate the OOK-1 and OOK-4 depending on the LPWUS payload size as the LP-WUS waveform with overlaid sequence.     
Proposal 8: Consider 640ms, 960ms as candidate periodicity for LP-SS
Proposal 9: Continue to discuss whether the LPWUS replaces PEI or LPWUS indicated PEI by evaluating pros and cons of the design and payload of LPWUS
Proposal 10: For the case, LPWUS replaces PEI subgroup id is transmitted in LPWUS
Proposal 11: For the case, LPWUS indicates PEI subgroup id is transmitted in PEI.
Proposal 12: Continue to evaluate whether multiple FDMed LPWUS blocks correspondingly indicate different subgroups or group size indicated within the LPWUS content.
Proposal 13: Consider ramp up time of different MR sleep state to calculate the time gap between LPWUS reception and PO occasion.



[18]	R1-2400905	Discussion on LP-WUS operation in IDLE/INACTIVE modes	Panasonic
	Proposal 1: LP-WUS configuration including the time/frequency domain resource for LP-WUS monitoring in idle/inactive mode is provided by SIB.
Proposal 2: In order to disable LP-WUS transmission when no LP-WUS capable UE is the tracking area, LP-WUS capability should be informed via NAS signalling.
Proposal 3: The entry/exit condition for LP-WUS monitoring is based on LP-WUS/LP-SS and/or SSB-based measurement. 
Proposal 4: The measurement accuracy of LP-SS/LP-WUS by LR is assumed to be compromised compared with SSB measurement by MR for saving cost and power. As cell planning is based on SSB measurement by MR, some mechanism to identify and recover the inaccuracy of LP-SS/LP-WUS measurement by LR should be discussed.
Proposal 5: The stationary and non-cell edge condition should be taken into account for the decision of LP-WUS monitoring.
Proposal 6: The configuration of MOs of LP-WUS should consider the association between the LP-WUS and the PFs/POs and the supported sub-group number by the payload size, which is similar with DCI format 2_7. The MOs of LP-WUS should at least be determined by a cell-specific periodicity, a cell-specific offset and a UE or UE group specific offset.
Proposal 7: The time gap between the LP-WUS and associated POs should be larger than a practical value for MR hardware to wake-up and be ready to receive paging PDCCH, PDSCH and potentially SSB.
Proposal 8: LP-SS resource should be associated with that of LP-WUS. The frequency location of LP-SS should be aligned with LP-WUS as much as possible. In time domain, the LP-SS occasions should be 1 : N mapped to LP-WUS MOs. The LP-SS periodicity and N can be configured in the SIB. How many LP-SS is received before LP-WUS is up to UE implementation considering SINR conditions.



[19]	R1-2400963	LP-WUS operation in IDLE/INACTIVE mode	Nokia, Nokia Shanghai Bell
	In Section 2 we considered some more general aspects, with following observations:-
Observation: To enable evaluation of threshold(s) for procedures to be discussed in RAN2, some LR based measurement quantities are needed.
Observation: The procedures to be discussed in RAN2, would seem to relate to determining coverage/range evaluation.
Observation: The approach for scenario where both, LR and MR based measurements are available, the approach for threshold determination and evaluation would need to be discussed in RAN2.
Observation: Different measurement quantities for different LR types would be needed. 
Observation: Both relative and absolute quantities could be considered for LP-SS based measurements.
Observation: For LR that is capable of receiving PSS/SSS, measurement quantities based on SSB would be needed.
Observation: Selection for LR based measurement metrics could be done once RAN2 has progressed the details of the procedures.

In Section 3 we discuss the LP-WUS procedures and information content of LP-WUS for IDLE/Inactive mode:-
Observation: ‘Dynamic PO’ and ‘closest PO’ approaches would result increased LP-WUS monitoring power consumption due to more frequent monitoring. 
Observation: For a same LP-WUS content size, ‘dynamic PO’ and ‘closest PO’ would result increased false alarm probability.
Observation: ‘Dynamic PO’ and ‘closest PO’ would in minimum double the paging overhead.
Observation: Latency benefit claimed for ‘dynamic PO’ and ‘closest PO’ cannot be guaranteed from system perspective if LP-WUS monitoring is not always mandated. 
Proposal: Support procedure where LP-WUS triggers the UE to monitor the same IDLE/Inactive mode PO that UE would monitor normally without LP-WUS.
Observation: RAN1 can discuss whether presence of PEI configuration needs to be accounted in LP-WUS operation separately.
operation would also need to be supported during PTW.
Observation: RAN1 can discuss whether any special handling is needed for LP-WUS operation with eDRX.
Observation: RAN1 should agree common assumption for the MR transition time to derive the LP-WUS monitoring configuration.
Observation: RAN1 should discuss if it can be assumed that LR provides assistance information for MR timing so that SSB search can be omitted from MR synchronisation timeline.
Observation: RAN1 should discuss the number of SSBs needed for MR synchronisation for (paging) PDSCH reception. Benefitting the LR timing assistance could be used to reduce the time needed.
Proposal: RAN1 discusses and agrees for the configuration one common assumption for the minimum offset between LP-WUS and PO.
Proposal: RAN1 considers value in range of 400ms for the minimum offset between LP-WUS and PO.
Proposal: RAN1 discusses the need to set maximum time offset between LP-WUS and LP-SS from LR perspective.
Observation: Consider configurable number, up to 8 sub-groups per PO as a starting point for RAN1 discussions. 
Observation: Evaluate the possibility to map multiple POs to one LP-WUS to limit the LP-WUS overhead
Proposal: Consider LP-WUS information payload in with {4,8} per PO and option to map multiple POs to one LP-WUS. LP-WUS message information payload range in {8,16,24} bits is considered.

In section 4 we discuss some additional aspects that relate to the UE power consumption in IDLE/Inactive and make a observation:-
Observation: To reduce the energy cost of repeated paging monitoring due to MR wake-ups, UE should be provided assistance information whether it should expect further paging in following paging occasion.



[20]	R1-2401024	LP-WUS operation in IDLE/INACTIVE modes	Apple
	Proposal 1: At least the following configuration information for LP-WUS is broadcast in a SIB message:
· Offset of LP-WUS monitoring occasion relative to PO
· Subgrouping related information (e.g. the total number of subgroups, and the number of UE ID based subgroups)
Proposal 2: Consider the following options for multi-beam support of LP-WUS monitoring:
· Option 1: the monitoring occasion for each beam is individually defined.
· Option 2: a monitoring time window is defined to cover all the beams.
Proposal 3: The activation and deactivation of LP-WUS monitoring by LP-WUR is left to UE implementation.
Proposal 4: It is up to UE implementation whether to monitor paging DCI or PEI (if configured) after receiving LP-WUS (no specification impact).
Proposal 5: MR waking up from deep sleep state, in addition to ultra-deep sleep state, is supported, via supporting smaller value(s) for the offset between LP-WUS monitoring and PO.



[21]	R1-2401127	Discussion on LP-WUS operation in IDLE/INACTIVE modes	NTT DOCOMO, INC.
	Observation 1:
· Offloading RRM measurement of serving cell from MR to LP-WUR.
· Based on existing NR-PSS/SSS.
· Necessary to discuss specification impact.
· Based on LP-SS
· Rel-18 SI identified the following metrics for RRM measurements by LP-WUR.
· i.e., LP-RSSI, LP-RSRP, LP-SINR, and LP-RSRQ.
Proposal 1:
· Further study the details of duty-cycled monitoring scheme with the following aspects: 
· Association between LP-WUS monitoring occasion(s) and PO(s).
· Resource allocation for LP-WUS monitoring occasions, e.g., time/frequency offset related to PO.
Proposal 2:
· Further study LP-WUS monitoring resource configuration, considering coexistence with other NR signals. 
· Details such as periodicity, time offset, and frequency position for LP-WUS transmission should be studied further.
Proposal 3:
· For LP-WUS payload,
· At least, MR wake-up indication is necessary.
· The details of wake-up indication scheme should be further studied, e.g., bitmap indication.
· FFS whether to include SI change, ETWS/CMAS information, tracking area information, RAN area information.
Proposal 4:
· Further study on transition mechanisms from and into the Ultra-deep sleep state, considering condition-based schemes and/or signalling-based schemes, which may or may not be dependent on UE implementation.
Proposal 5:
· The periodicity of LP-SS should be shorter than I-DRX cycles (1.28s in TR 38.369) such as 320ms (start point at WID). Whether to make it longer or shorter depends on the cycle of LP-WUS transmission and the cycle of serving cell measurement by LP-WUR and considering impact to network overhead.
Proposal 6:
·  Further study the possibility of LP-WUS including preamble.



[22]	R1-2401147	LP-WUS operation in IDLE and INACTIVE modes	Ericsson
	Observation 1	From an eco-system support point of view, it would be beneficial to allow NW to configure the type of WUR capabilities which are supported in a cell.
Observation 2	There is no need to include extra information other than the subgroup indication in LP-WUS.
Based on the discussion in the previous sections we propose the following:
Proposal 1	For LP-WUR operation in RRC-IDLE and INACTIVE, LP-WUS is used to trigger paging monitoring of the UE, i.e., monitoring of DCI format 1_0 with CRC scrambled by P-RNTI.
Proposal 2	Paging misdetection performance of the UE should not be impacted when LP-WUS is used by the UE for power savings.
Proposal 3	It should be studied if any additional clarifications to UE behavior are required for case when UE supports both LP-WUS and PEI monitoring and both configurations are provided to the UE.
Proposal 4	LP-WUS and LP-SS configuration is provided to the UE in a cell by system information. Further details of higher layer mechanisms can be discussed in RAN 2.
Proposal 5	Type of WUR capability supported in the cell, e.g., support for both OFDM and OOK-based WUR, or OFDM-based WUR only, or OOK-based WUR only, should be configurable by the NW.
Proposal 6	It should be possible for NW to configure flexibly the placement of LP-WUS and LP-SS resources in frequency and time to minimize overhead and NW energy efficiency impact.
Proposal 7	Introduce time offset between LP-WUS monitoring occasion and UE paging occasion.
Proposal 8	Support only duty-cycled WUR monitoring in Rel-19.
Proposal 9	Support configurable payload for LP-WUS (no more than 8-bit payload size).
Proposal 10	Entry/exit conditions should be configurable, e.g., as part of the LP-WUS configuration.
Proposal 11	It should be possible to configure different entry/exit conditions based on supported WUR types, if any.
Proposal 12	If RRM using LP-SS is supported, only scenarios that are suitable for operation with low LP-SS overhead and NW energy impact should be considered for RRM.
Proposal 13	RRM measurements should be defined separately for different WUR types, if any. - For WUR capable of existing SSS, existing metrics in TS 38.215 can be reused. - For WUR not capable of existing SSS, separate metrics should be further studied.



[23]	R1-2401209	Discussion on LP-WUS operation in IDLE/INACTIVE mode	Fujitsu
	Proposal 1: RAN1 to discuss which kind of information UE needs to be configured to receive LP-WUS, e.g.
· Frequency domain information of LP-WUS (e.g. frequency location and/or bandwidth）
· Time domain information of LP-WUS（e.g. location of start symbol, number of symbols, duty cycle and/or on duration）
Proposal 2: The configuration of LP-WUS is provided in a cell-specific manner
· Further discuss the benefit and spec impact to provide them as tracking/RAN area specific manner to enable SFN operation for LP-WUS
· Observation 1: The time offset between LP-WUS and the PO should be long enough to include the transition time to start up the main receiver to be ready for PDCCH monitoring
· Observation 2: Similarly, to, the number of PO(s) associated with an LP-WUS monitoring occasion needs to be defined.
Proposal 3: Association between LP-WUS and corresponding POs should be specified, and the higher layer parameters defined for PEI can be a starting point, e.g.
· Frame offset, first PDCCH monitoring occasion, maximum time offset value and minimum time offset value.
· The number of POs associated with an LP-WUS monitoring occasion.
Observation 1: For the operation of UEs performing LP-WUS after cell reselection, it is good starting point to use the mechanism of PEI as the baseline.
Proposal 4: A similar mechanism specified for PEI after cell reselection (i.e. lastUsedCellOnly and noLastCellUpdate) should be introduced for LP-WUS. 
· Further discuss if there is RAN1 impact or not based on the decision in RAN2/4, e.g. coverage issue for LP-UWS



[24]	R1-2401235	Discussion on LP-WUS operation in RRC IDLE/INACTIVE modes	ETRI
	Observation 1: Duty cycle-based monitoring can provide more power saving gain and system flexibility.
Observation 2: Duty cycle-based monitoring is a superset of the continuous monitoring. 
Observation 3: Time synchronization between gNB and LP-WUR is very critical in duty cycle-based monitoring.
Observation 4: time synchronization and RRM are not related with power saving gain and system latency issue which are adjusted by ratio of the duty cycle. 
Observation 5: RRM off-loading provides more power saving gain than RRM relaxation.

Proposal 1: For monitoring of LP-WUS, duty cycle-based monitoring is supported and deprioritize the continuous monitoring.
Proposal 2: Periodic transmission of synchronization signal transmitted separately from LP-WUS is supported
Proposal 3: For activation and deactivation of LP-WUS monitoring, Alt 1b or Alt 2 from the previous agreement is considered. 
Proposal 4: Support offloading of RRM measurements or further relaxation of RRM measurement to LP-WUS
Proposal 5: Decisions on support on offloading or relaxation of RRM measurement should consider other aspects such as waveform used for LP-WUR RRM. 



[25]	R1-2401318	On LP-WUS operation in IDLE/INACTIVE modes	MediaTek Inc.
	Observation 1: For LP-WUR to achieve significant UE power saving, allowing main receiver (MR) to enter ultra-deep sleep (UDS) is essential.

Observation 2: According to TR 38.869, ramp-up time for UDS includes 400 ms and 800 ms, depending on the complexity and UDS implementation of MR. A longer ramp-up time is possible for more complex MR (e.g., smartphone with application processor) or lower UDS power level.   

Proposal 1: At least ramp-up time of 400 ms and 800 ms for MR are supported for Rel-19 LP-WUS.

Table 1: Power model for Main Radio (quoted from Section 6.3.1 of TR 38.869 [2])
	Power State
	Relative Power (unit)
	Ramp-up and down transition energy (Note1):
(unit multiplied by ms)
	Ramp-up time
	Time for sync/re-sync

	Ultra-deep sleep
	0.015
	For evaluation, at least for FR1 MR ultra-deep sleep state, (Ramp-up and down transition energy, ramp-up time) is as follows,
-	Alt 1: (15000, 400ms) as baseline
-	Alt 2: (40000, 800ms)
Company to report which alternative they use for which use cases.
	For MR, at least for FR1 evaluation,
-	Number of SSBs for sync/re-sync for MR is up to 10
-	Companies to report timeline and energy consumption



Observation 3: Reuse of Rel-17 subgrouping design can avoid change of core-network specification. 

Observation 4: In Rel-17, subgroup indication up to 8 subgroups is carried by Paging Early Indication (PEI) for an associated PO.

Proposal 2: Subgroup indication up to 8 subgroups can be carried by LP-WUS for an associated PO in Rel-19. 
· No core-network/RAN3 impact

Proposal 3: Define new timing relation between LP-WUS and an associated PO to support MR ramp-up time of 400 ms and 800 ms.
· Note: Legacy paging occasion design is reused.

Observation 5: Duty-cycle of LP-WUS monitoring in idle/inactive-mode follows the paging cycle, while LP-SS can be provided at a different periodicity for compensating clock/oscillator error, subject to timing tolerance of LP-WUS waveform.

Observation 6: With (RTC) clock error of 20 ppm and timing tolerance around 3 us, LP-SS periodicity should not exceed 160 ms.

Table 2: Frequency error/drifting (quoted from Section 6.2.3 of TR 38.869 [2])
	Parameter
	Value

	Oscillator max frequency error [ppm], Oscillator frequency drift [ppm/s]
	option 1: (200, 0.1)
option 2: (50, 0.1)
option 3: (10, 0.05)
option 4: (5, 0.05)
Other values are not precluded for studying, reported by companies

	RTC max frequency error [ppm]
	20
RTC drift report by company



Table 3: Tolerance to timing error by waveform (quoted from Secion 8.3.1 of TR 38.869 [2])
	Waveform
	Tolerance up to timing error [us]

	OOK-1 30kHz SCS
	5

	OOK-4 M=2
	3

	OOK-4 M=4
	1

	OOK-4 M>4
	1



Proposal 4:  Duty-cycle of LP-WUS monitoring in idle/inactive-mode follows the paging cycle.

Proposal 5: LP-SS periodicity should not exceed 160 ms.


Observation 7: OFDM WUR can use SSS in (NCD-)SSB for serving cell measurement.

Observation 8: OOK WUR needs to utilize LP-SS for serving cell measurement.

Observation 9: LP-SS periodicity is dominated by synchronization performance requirement, and there can be multiple LP-SS occasions in an idle/inactive-mode paging cycle.

Observation 10: With multiple SSS/LP-SS occasions for LP-WUR in an idle/inactive-mode paging cycle, offloading or relaxation of serving cell measurement of MR become more feasible.
· Note: There is no serving cell measurement by LP-WUR for relaxation of MR measurements in Rel-16/17.

Proposal 6: Develop mechanism of offloading or relaxing MR serving cell measurement by exploiting feasibly more frequent serving cell measurement by LP-WUR. 
· Mechanism includes entry/exit condition for serving cell measurement by LP-WUR.


Observation 11: LP-SS carriers less information than LP-WUS and is expected to be more robust. LP-WUR can still measure serving cell based on LP-SS even when it cannot reliably detect LP-WUS.

Observation 12: Entry/exit condition for LP-WUS monitoring can be based on the outcome of serving cell measurement by LP-WUR.

Proposal 7: Entry/exit condition for LP-WUS monitoring is based on the outcome of serving cell measurement by LP-WUR.

Observation 13: Entry/exit condition for LP-WUS monitoring and serving cell measurement by LP-WUR can apply a common framework design with different threshold parameters for entry/exit.



[26]	R1-2401336	Discussion on LP-WUS operation in IDLE/INACTIVE modes	LG Electronics
	Proposal #1: LP-WUS monitoring occasion is allocated with separated cycle from existing paging DRX cycle.
Proposal #2: Once LP-WUS monitoring occasions are allocated, UE selectively monitors the monitoring occasions based on the UE ID
· FFS: How to determine LP-WUS MO, e.g., in time domain and/or frequency domain
Proposal #3: For UE triggered by LP-WUS to monitor existing PO, introducing a time window based on the reception of LP-WUS. The time window has the following characteristics:
· UE receives the existing PO only within the time window 
· UE transits to sleep state at the end of the window
· The length of window is determined based on 
· The number of upcoming paging occasions
· The number of slot/frame configured by SIB
Proposal #4: Introduce dynamic paging occasion based on LP-WUS reception.
· FFS: How to configure dynamic paging occasion 
· FFS: How to distinguish between existing PO and dynamic PO 
Proposal #5: For the UE triggered by LP-WUS, UE supports both of following UE behaviors:
· Opt. 1: UE can monitor the upcoming existing PO during the determined time window
· Opt. 2: UE can monitor the dynamically allocated PO based on the reception of LP-WUS 
Proposal #6: Prioritize to discuss on UE identification and grouping in terms of LP-WUS contents and deprioritize to discuss on side information such as SI update and ETWS/CMAS.
Proposal #7: Discuss how UE fallbacks to monitor existing NR paging operation when UE has insufficient LP-WUS quality. 
Proposal #8: For IDLE/INACTIVE mode, entry/exit condition of LP-WUS monitoring can be specified as follows:
· The UE decides whether to monitor LP-WUS or not based on the information by the gNB whether the serving cell enables LP-WUS transmission or not.
· The UE decides whether to monitor LP-WUS or not based on the measurement result.
Proposal #9: If LP-WUS monitoring is activated based on channel condition, the UE can check the channel condition by measuring LP-SS with the main radio.
Proposal #10: Whether the UE can receive overlaid OFDM sequence over LP-WUS or not should be considered for specifying entry/exit condition of LP-WUS monitoring.
Proposal #11: Consider the following aspects for RRM measurement relaxation of the main radio by offloading to LP-WUR.
· The UE can measure cell quality by LP-WUR while the main radio is in ultra-deep sleep state.
· The existing RRM measurement procedure by the main radio can be triggered based on the measurement results of LP-WUR
· FFS: Which RRM procedure can operate with LP-WUR measurement



[27]	R1-2401348	On LP-WUS operation in IDLE/Inactive	Nordic Semiconductor ASA
	Proposal-1: UE may be configured with monitoring occasions (MOs) for LP-WUS with symbol granularity. Discuss further whether MOs for a single UE can overlap or not.
Proposal-2: 
· RAN1 to focus on Option 1 design, and 
· discuss whether any restriction on position LP-WUS with respect to associated PO are required. 
· discuss association between PO MO and LP-WUS MO. 
· RAN2 to decide on latency enhancement, if any

Observation-1: RAN1 needs to decide what is the target S(I)NR for RRM measurement accuracy. -3dB should be a starting point.  



[28]	R1-2401453	LP-WUR operation in idle and inactive modes	Qualcomm Incorporated
	Observation 1: If PEI provides finer granularity sub-grouping than the LP-WUS, the UE can perform the two-stage early indication detection jointly by the LP-WUS and PEI in that if the UE’s subgroup of LP-WUS is paged, it further decodes the PEI.

Proposal 1: In idle and inactive mode, the LP-WUS occasion is configured in two LP-WUS windows before the 1st and the 2nd SSB burst before the PO. Time offset between the LP-WUS window and the closest SSB burst is configured by network.
Proposal 2: Alternatively, the LP-WUS occasion is only configured in the LP-WUS window before the 2nd SSB burst before the PO.
Proposal 3: For idle and inactive modes, LP-WUS and LP-SS are not transmitted in UL symbols determined by tdd-UL-DL-ConfigCommon. Additional guard symbols may be configured before and after the neighbouring UL symbols around LP-WUS and LP-SS to accommodate LP-WUR timing drift.
Proposal 4: For idle and inactive modes, the LP-WUS does not carry other information than paging indication which includes the system information modification, ETWS, CMAS and stop of paging monitoring.
Proposal 5: UE sub-grouping for paging indication by LP-WUS is independent to PEI sub-grouping.
Proposal 6: Network configures MR and LP-WUR serving cell RRM measurement thresholds for the UE to enter and exit LP-WUR RRM measurement.
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