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Discussion and Decision
1 Introduction
R19 WI for Low-power Wake-up Signal and Receiver for NR was agreed in RAN#102, with the following objectives:

	4.1
Objective of SI or Core part WI or Testing part WI

The objectives of the work item are the following:

· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· 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)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.

· Y will be decided within WI. 320ms is the start point.

· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2

· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.

· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance

· Define guard RBs for ACS and ASCS cases

· Study testability of above requirements

· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
· Specify necessary RRM requirements


This contribution provides our views on the configuration and procedure aspects.
2 Discussion

Configuration
LP-WUS function should be enabled/disabled by network control, and UE should follow some configuration to receive the LP-WUS signal. Therefore, in order to support the LP-WUS function, the new RRC configuration and UE capability should be also introduced. For the LP-WUS function in IDLE/INACTIVE state, the configuration should be via SIB. 
In R18 SI phase, RAN2 have already discussed the LP-WUS specific configuration and agreed that at least the configuration can be via system information. 
	-
RAN2 has studied LP-WUS configuration, at least via system information broadcast. 


Therefore, we can first clarify the conclusion we made in SI phase. 
Proposal 1: The LP-WUS configuration for IDLE/INACTIVE state is provided via system information. 
According to RAN1 progress in last meeting, LP-SS signal will be introduced for measurement purpose, and LP-WUS transmission will be provided in beam sweeping method. It can be foreseen here that there are many parameters related to LP-SS and LP-WUS needed in the configuration. 
	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
· 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.
· FFS eDRX, if supported


In addition, the entry/exit condition to activate or deactivate UE’s LP-WUS monitoring will be also provided in UE. 
Proposal 2: The LP-WUS configuration in SIB at least includes the following information:

· LP-SS configuration

· LP-WUS configuration

· Entry/exit condition for LP-WUS monitoring. 

Procedure
The fundamental motivation of introducing the LP-WUS signal is to wakeup UE in ultra-deep-sleep state to monitor paging. Therefore, the LP-WUS related procedure can be clarified to the LP-WUS triggered paging procedure. 
In R18 SI phase, RAN2 studied the LP-WUS triggered paging/PEI monitoring procedure with several options.
	-
RAN2 has studied the procedure where network configures LR for LP-WUS monitoring and concluded that LP-WUS to control paging/PEI monitoring with no UE reporting of WUS coverage status or change is feasible. Details are to be decided in WI phase.


In last RAN1 meeting, RAN1 already made the agreements on the LP-WUS triggered paging procedure.
	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


Therefore, RAN2 can just follow RAN1 agreements on the procedure, i.e. UE monitors legacy PO after receiving LP-WUS indicating wake-up, i.e. whether to monitor PEI is up to UE implementation. 

Proposal 3: For LP-WUS triggered paging procedure, UE monitors legacy PO after receiving LP-WUS indicating wake-up, i.e. whether to monitor PEI is up to UE implementation.
Figure-1 illustrates the LP-WUS triggered paging procedure. 

There are two cases. 

· Case 1: UE receives its paging in the corresponding PO.
Upon receiving the paging, UE will perform initial access and establish/resume the RRC connection. 

· Case 2: UE does not receive its paging in the corresponding PO.
Upon no paging detection, the entry condition is fulfilled, UE will continue to monitor the LP-WUS. 
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Figure-1. LP-WUS triggered paging procedure. 
For both cases,  there are some common issues we would like to clarify:

· Issue 1: The starting time to monitor paging in legacy PO after UE receives its wake-up LP-WUS 

It will take some time for UE to switch the activity from LR to MR for paging reception, therefore, we need to introduce a timing (i.e. time-offset) between LP-WUS and the corresponding PO referring to the same paging. 

Based on this timing, NW can know how long LP-WUS will be provided in advance; UE can also know when to start paging reception in the legacy PO after receiving the wake-up LP-WUS. 
· Issue 2: LP-WUS monitoring after UE receives its wake-up LP-WUS

Upon receiving the wake-up LP-WUS, UE can know the start time to monitor paging. Therefore, UE does not need to monitor the LP-WUS after receiving the LP-WUS and before paging procedure is completed.

· Issue 3: The timing to switch on MR after UE receives its wake-up LP-WUS 

Based on the received wake-up LP-WUS, UE can know the starting time of paging monitoring. At least UE will switch on MR a little earlier than this starting time. 

We assume the timing to switch on MR can be up to UE implementation, at any time within the yellow area in Figure-1, since we did not see the need of standardization.
Proposal 4: For LP-WUS triggered paging procedure, NW configures the time offset between the LP-WUS and the start timepoint for the indicated paging reception.
Proposal 5: IDLE/INACTIVE UE is not required to monitor LP-WUS after receiving the wake-up LP-WUS.
Proposal 6: It’s up to UE implementation when to switch on MR for paging reception after receiving the wake-up LP-WUS. 
Entry/exit condition for LP-WUS monitoring

In R18 SI phase, RAN2 has concluded that the entry/exit condition of using LP-WUS can be based on serving cell measurement using LR and/MR. 
	-
RAN2 has studied the entry and exit condition of using LP-WUS, and concluded the condition(s) could be at least based on the serving cell measurement using LR and/or MR.


In WI, we can confirm to using the serving cell measurement as the entry/exit condition for using LP-WUS to trigger paging procedure. 
Proposal 7: LP-WUS triggered paging procedure is activated/deactivated based on serving cell measurement. 

· If the serving cell quality is better than threshold#1, UE enables LP-WUS triggered paging procedure, i.e. using LP-WUS to trigger the paging reception. (entry condition)
· If the serving cell quality is worse than threshold#2, UE disables the LP-WUS triggered paging procedure, i.e. apply the paging procedure in legacy. (exit condition)
About whether the serving cell quality is based on measurement by MR or by LR, it depends on which radio (MR or LR) the UE is currently using for measurement. 
· For entry condition, UE evaluates the condition when LP-WUS monitoring is not used by LR. In this case, UE only performs the measurement by MR. Therefore, it should be based on the measurement by MR. 

· For exit condition, UE evaluates the condition when LP-WUS monitoring is used by LR. In this case, UE at least performs the measurement by LR. Therefore, it should be based on the measurement by LR at least. 
Proposal 7a: For the entry condition for using LP-WUS, the serving cell measurement is based on MR. 

Proposal 7b: For the exit condition for using LP-WUS, the serving cell measurement is at least based on LR. 

Subgrouping

In last RAN1 meeting, RAN1 decides to leave the subgrouping for LP-WUS discussion to RAN2. 
	Conclusion

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


In R18 SI phase, RAN2 studied the subgrouping for LP-WUS reception.RAN2 consider the subgrouping methods for LP-WUS (if supported) could be the CN assigned and/or UE_ID based subgrouping, which are similar to the PEI subgrouping methods. Details determined in WI
	-
RAN2 has studied and concluded to support subgrouping for LP-WUS, detailed design depends on the payload of LP-WUS. 

	Similar as PEI, the subgrouping methods for LP-WUS could include the CN assigned, and UE_ID based subgrouping. Details, e.g. which one/both should be supported, how to support/provide the configuration, etc., could be further determined during WI phase.


Since the subgrouping method for PEI is very mature, the roles of LP-WUS and PEI in paging reception are similar, the PEI subgrouping method can be taken as baseline for LP-WUS subgrouping. 
Since number of the subgrouping is carried in the PHY channel, the number is related to the payload size of the PHY channel which to carry it.  For PEI, the DCI can carry at most 8 subgroups. But for LP-WUS, the payload size is not clear for now. Therefore, the number of LP-WUS subgroup depends on RAN1 discussion. 

Proposal 8: The PEI subgrouping method is taken as baseline for LP-WUS subgrouping, i.e. CN assigned and UE_ID based subgrouping. 
Proposal 9: The number of LP-WUS subgroup depends on LP-WUS payload size discussion in RAN1. 
3 Conclusion
According to the analysis in section 2, we propose that:
Proposal 1: The LP-WUS configuration for IDLE/INACTIVE state is provided via system information. 
Proposal 2: The LP-WUS configuration in SIB at least includes the following information:

· LP-SS configuration

· LP-WUS configuration

· Entry/exit condition for LP-WUS monitoring. 

Proposal 3: For LP-WUS triggered paging procedure, UE monitors legacy PO after receiving LP-WUS indicating wake-up, i.e. whether to monitor PEI is up to UE implementation.
Proposal 4: For LP-WUS triggered paging procedure, NW configures the time offset between the LP-WUS and the start timepoint for the indicated paging reception.
Proposal 5: IDLE/INACTIVE UE is not required to monitor LP-WUS after receiving the wake-up LP-WUS.
Proposal 6: It’s up to UE implementation when to switch on MR for paging reception after receiving the wake-up LP-WUS. 
Proposal 7: LP-WUS triggered paging procedure is activated/deactivated based on serving cell measurement. 

· If the serving cell quality is better than threshold#1, UE enables LP-WUS triggered paging procedure, i.e. using LP-WUS to trigger the paging reception. (entry condition)

· If the serving cell quality is worse than threshold#2, UE disables the LP-WUS triggered paging procedure, i.e. apply the paging procedure in legacy. (exit condition)
Proposal 7a: For the entry condition for using LP-WUS, the serving cell measurement is based on MR. 

Proposal 7b: For the exit condition for using LP-WUS, the serving cell measurement is at least based on LR. 

Proposal 8: The PEI subgrouping method is taken as baseline for LP-WUS subgrouping, i.e. CN assigned and UE_ID based subgrouping. 
Proposal 9: The number of LP-WUS subgroup depends on LP-WUS payload size discussion in RAN1. 

