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1 Introduction
In RAN #102 meeting, new work item on Low-power wake-up signal and receiver for NR (LP-WUS/WUR) is approved with the following scope [1]:
	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


And RAN1’s latest agreement is captured in [2]:

	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.


In this contribution, we give some general considerations on the procedure of LP-WUS from the high layer point of view including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring.
2 Discussion
2.1 Considerations on the procedure of LP-WUS
In SI, RAN2 has studied the entry and exit condition of using LP-WUS, and concluded the condition(s) could be at least based on the measurement on at least serving cell quality using LR and/or MR. Similarly, as in Rel-16/R17 for the relaxing RRM measurement in RRC_IDLE/RRC_INACTIVE state, UE determines whether to move into LP-WUS based on triggers. E.g. the UE may make decision based on the mobility, serving cell signal strength/quality, etc. Thus, the network may provide some configuration parameters for the UE to make the decision, e.g. the threshold for RSRP and/or speed. Thus, UE uses LP WUS when pre-configured condition(s) are fulfilled.
RAN2 has studied LP-WUS configuration, at least via system information broadcast. Another option is that gNB determines whether to move a UE into LP-WUS specifically. Obviously, not all the UE goes to LP-WUS monitoring when in RRC_IDLE/RRC_INACTIVE. As gNB can know UE’ traffic, we think that a UE in favourable conditions would be indicated by NW to transit UE to Ultra-deep-sleep is reasonable. However, we think entry/exit condition(s) of using LP-WUS configured in SIB should be first prioritized and considering the complexity, RRC dedicated signalling is not preferred.
Proposal 1 Entry condition(s) of using LP-WUS is configured in SIB, RRC dedicated signaling is not preferred.
Obviously, detecting a LP-WUS will transit UE out of ultra-low power WUS monitoring. As agreed in previous meetings, UE stops using LP-WUS when exit condition(s) configured in SIB is fulfilled, e.g. the serving cell quality measured by LR is less than the configured threshold in SIB. This type of triggering mechanism can be considered as a fall-back procedure to use the Main receiver. Besides, RAN2 should discuss more exit condition(s) from higher layer’s point of view.
Similarly, as in MICO which has introduced in TS 38.304, the UE may transit out of ultra-low power WUS monitoring and activate main receiver at any time, e.g. for the transferring of mobile originated signalling or user data. 
Additionally, if main receiver is used for cell-selection and cell reselection mobility, then trigger from NAS, e.g., manual PLMN selection can also transit UE out of ultra-low power WUS monitoring if Cell selection/re-selection mobility is still charged by main receiver. NAS timers, e.g., Timer for periodic TAU expiry can also transit UE out of ultra-low power WUS monitoring as the main receiver needs to initiate TAU update.
Similarly trigger can also come from AS timer, e.g., T380 expiry can also transit UE out of ultra-low power WUS monitoring as the main receiver needs to initiate RNA update.
Proposal 2 RAN2 is suggested to discuss more exit condition(s) UE transits out of Ultra-deep-sleep from higher layer’s point of view: 

· LP-SS is below a threshold;

· Uplink signalling or user data;
· Trigger from NAS (e.g., manual PLMN selection, periodic TAU);
· AS timer (e.g., T380 expiry);
Obviously, for Ultra-deep-sleep the main receiver will be in sleeping state. At least part of AS layer procedures is not required to perform, e.g., no Paging monitoring, or even no RRM measurement for serving cell/neighbour cell by the main receiver. So, in our understanding, at least the AS configuration (e.g. priorities provided by dedicated signalling, PEI subgrouping) is kept and all running timers continue to run. Note that continue AS timers during Ultra-deep-sleep will not reduce the power saving potential, since anyway UE needs to keep the low accuracy clock activated so as to maintain the NAS timers (e.g. periodic TAU/RAU timer) during Ultra-deep-sleep. If a timer expires (e.g., T380 expiry). while the UE is in Ultra-deep-sleep it is need further study that whether it is up to UE implementation whether it performs the corresponding action immediately or the latest when leaving Ultra-deep-sleep.
Proposal 3 When main receiver goes to ultra-deep sleep, i.e., at least part of AS layer procedures is not required to perform, the AS configuration (e.g. priorities provided by dedicated signalling, PEI subgrouping) is kept and all running timers continue to run.
2.2 Considerations on paging monitoring by LP-WUS
For LP-WUS for RRC idle/inactive UE, at least UE sub-group ID is indicated, similar as PEI. Maximum payload size for UE subgrouping in LP-WUS is at least based in RAN1’s input while how to map a UE to a subgroup ID for LP-WUS is left to RAN2 to decide. 
One option is that LP-WUS may be used together with PEI if both LP-WUS and PEI are configured. After waken up by LP-WUS, the main receiver could also monitor legacy PEI defined in Rel-17, if it is configured by network and it is supported by UE. In this case, the network already divides UEs into different groups/subgroups by PEI by legacy way. And gNB could be further configured with different time/frequency resources for LP-WUS monitoring or the same time/frequency resource but with different sequences for LP-WUS corresponding to different PEI subgroups. A simple way is LP WUS can carry UE subgroup information to indicate which UE PEI subgroup(s) to monitor to reduce the false wakeup rate Thus, the legacy UE subgrouping for PEI can still be used and the actually applied LP WUS subgrouping method can be the same as what's applied for PEI. This option applies to UE which support PEI and had already been assigned with a PEI subgrouping ID.
Another option is that LP-WUS may not be used together with PEI especially for UE not supporting PEI or has not been assigned with any PEI subgrouping ID. After waking up by LP-WUS, the legacy paging monitoring procedure could be triggered for the main receiver. That is, if the UE detects LP-WUS it would start up its main receiver to monitor legacy paging. Whether there is association between LP-WUS and PO, and how to define the association is still FFS in RAN1. For reference, in legacy, Rel-17 PEI supports mapping of up to 8 POs. And whether there will be subgrouping for each PO is still FFS. If yes, the legacy UE subgrouping for PEI can still be used.

Proposal 4 The applied LP WUS subgrouping method can be the same as what's applied for PEI.
As analyses above, the network could have the flexibility to divide UEs into different groups/subgroups which could be waken up by LP-WUS. Further, the NW can configure which PEI subgroup(s) will be waken up by a LP-WUS. For the PEI subgroup(s) not configured to be waken up, UE will not use LP-WUS. Similarly, if the LP-WUS does not indicate the subgroup the UE belongs to monitor its associated PO, the UE is not required to monitor LP-WUS.
Proposal 5 The NW can configure which PEI subgroup(s) or PO(s) will be waken up by a LP-WUS. 
After waking up from LP-WUS, the time offset between LP-WUS and the PO/PEI should be long enough to include the transition time to start up the main receiver to be ready for PDCCH monitoring, which depends on the design of LP-WUR and the detailed procedure after waking up. Due to the transition time to start up the main receiver, LP-WUR operation may always have worse latency performance than legacy, it is likely that UE main receiver would miss the PEI monitoring occasions. For such case, UE will monitor corresponding PO(s).

Proposal 6 If the UE is unable to monitor the PEI occasion (i.e. all valid PDCCH MO for PEI) corresponding to its PO, e.g. during MR waking up, the UE monitors the associated PO.
3 Conclusions

Based on the discussion, our proposals are provided as follows:
Proposal 7 Entry condition(s) of using LP-WUS is configured in SIB, RRC dedicated signaling is not preferred.
Proposal 8 RAN2 is suggested to discuss more exit condition(s) UE transits out of Ultra-deep-sleep from higher layer’s point of view: 

· LP-SS is below a threshold;

· Uplink signalling or user data;
· Trigger from NAS (e.g., manual PLMN selection, periodic TAU);

· AS timer (e.g., T380 expiry);
Proposal 9 When main receiver goes to ultra-deep sleep, i.e., at least part of AS layer procedures is not required to perform, the AS configuration (e.g. priorities provided by dedicated signalling, PEI subgrouping) is kept and all running timers continue to run.
Proposal 10 The applied LP WUS subgrouping method can be the same as what's applied for PEI.
Proposal 11 The NW can configure which PEI subgroup(s) or PO(s) will be waken up by a LP-WUS. 
Proposal 12 If the UE is unable to monitor the PEI occasion (i.e. all valid PDCCH MO for PEI) corresponding to its PO, e.g. during MR waking up, the UE monitors the associated PO.
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