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1 Introduction
In RAN2 #123, huge progress had been made and we had the following agreement as captured [1]:
	· Proposal 1. Entry/exit condition(s) of using LP-WUS is configured in SIB. 
· Proposal 2: FFS via RRC dedicated signaling, e.g. by RRC release.
· Proposal 3: 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.  
· Proposal 4: 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.
· Proposal 5: FFS the serving cell quality measurement on LR is based on LP-SS and/or SSB (pending RAN1 decision).
· Proposal 6: 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)
· Proposal 7: For Alt.1 above, after waking up by a LP-WUS, RAN2 assumes the baseline is the UE monitors the legacy PO. 
· Proposal 8-1: RAN2 consider the subgrouping methods for LP-WUS (if supported) includes the CN assigned and/or UE_ID based subgrouping, which are similar to the PEI subgrouping methods. Details determined during WI phase. 
· Proposal 8-2: The number of subgroups depends on the decision on payload of LP-WUS in RAN1.
· Proposal 11: Capture the below pros/cons in the TR on whether there is necessarity for the network to be aware of whether an idle/inactive UE is monitoring LP-WUS or not. Details to be updated during TR drafting. 
· Proposal 12: For UE in RRC_IDLE/RRC_INACTIVE state, FFS on whether there is need for the network to be aware of whether the UE is monitoring LP-WUS or not.
· Proposal 14-1: R2 assumes In ultra-deep-sleep, RRM measurement on serving cell via MR is relaxed (may include no measurement) if RRM measurement on LR is feasible/supported. FFS on the details, e.g. how to relax, in which condition,. 

· Proposal 14-2: R2 assumes In ultra-deep-sleep, RRM measurement on neighboring cell via MR is relaxed (may include no measurement) if RRM measurement on LR is feasible/supported. FFS on the details, e.g. how to relax, in which condition,.
· Proposal 15: FFS: RRM measurement for neighboring cell by LR as well as corresponding cell (re-) selection.
· Proposal 18: FFS to what extent UE maintains valid SI in case UE’s MR is in ultra-deep sleep state.  
· Proposal 19: R2 assumes that the Network may have the need to wake up UE by LP-WUS from ultra-deep sleep whenever there is ETWS/CMAS information etc, applicability to SI change notification FFS




There are still some FFSs. In this contribution, we give some general considerations on the procedure of LP-WUS from the high layer point of view.
2 Discussion
2.1 Considerations on the procedure of LP-WUS
RAN2 assumes that UE uses LP WUS when pre-configured condition(s) are fulfilled and had agreed in last meeting the entry condition(s) of using LP-WUS is configured in SIB. 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. Obviously, UE not transit to Ultra-deep-sleep and relax measurements when EMR is configured similar as in Rel-16/R17 for the RRM relaxing.

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. 
Proposal 1 NW indication to transit UE to Ultra-deep-sleep, e.g. by RRC release can still considered.
Obviously, detecting a LP-WUS will transit UE out of ultra-low power WUS monitoring. As agreed in last meeting, 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. Beside, 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: 

· Uplink signalling or user data;
· Trigger from NAS (e.g., manual PLMN selection, periodic TAU);
· AS timer (e.g., T380 expiry);
Currently, RAN1 is discussing to relax serving cell RRM measurement or offload some RRM functionalities to LP-WUR. For Ultra-deep-sleep, if UE still have to wake up and switch on main radio frequently to perform serving cell RRM measurement, the power saving effect of the LP-WUS mechanism may be highly reduced and end up with much increased power consumption, therefore serving cell and neighbouring cell measurement relaxation should be considered. It is better that we can offloading RRM functionalities to LP-WUR and no measurement on MR.
From RAN2’s perspective, we need to study the criteria for relaxing serving cell as well as neighbouring cell RRM measurement. In Rel-16/R17, the relaxing RRM measurement for intra-frequency or inter-frequency/inter-RAT frequency is allowed for UEs not at cell edge and/or with low mobility. However, it is noted that no relaxation is so far allowed for the serving cell RRM. If RAN1 confirms that offloading neighbouring and serving cell to LP-WUR completely, i.e., MR has stopped performs measurements for both neighbouring and serving cell, it is expected that at least the current criteria for relaxing neighbouring cell RRM measurement must be fulfilled or even with more stringent requirement or thresholds. An example is that, when the current criteria for relaxing neighbouring cell RRM measurement, e.g., not at cell edge and/or with low mobility must be fulfilled as well as the received LP-WUS is strong enough, then UE could apply the LP-WUS. 

RAN2 is expected to consider the new criteria for relaxing serving cell /neighbouring cell RRM measurement considering how to co-work with the current criteria for relaxing neighbouring cell RRM measurement. And it is suggested to further discuss whether joint RRM measurement can also be considered, e.g., to configure UE to perform SSB measurement by main radio and perform LP-WUS measurement by LP-WUR at the same time. 
Proposal 3 RAN2 can further study the criteria for relaxing serving cell RRM measurement, e.g., the current criteria for relaxing neighbouring cell RRM measurement must be fulfilled as well as the received LP-WUS is strong enough, then UE could apply the LP-WUS.
Obviously, based on the analyses above, for Ultra-deep-sleep the main receiver will be in sleeping state. Similarly, a MICO like sleeping can be considered for the main receiver as we have MICO captured in 38.304:

	When the UE is in RRC_IDLE state, upper layers may deactivate AS layer when MICO mode is activated as specified in TS 24.501 [14]. When MICO mode is activated, the AS configuration (e.g. priorities provided by dedicated signalling) is kept and all running timers continue to run but the UE need not perform any idle mode tasks. If a timer expires while MICO mode is activated it is up to the UE implementation whether it performs the corresponding action immediately or the latest when MICO mode is deactivated. When MICO mode is deactivated, the UE shall perform all idle mode tasks.


If we consider a MICO like mode for main receiver, when main receiver goes to ultra-deep sleep, at least part of AS layer procedures is not required to perform, e.g., no monitoring of system information, no Paging monitoring, or even no RRM measurement for serving cell/neighbour cell by the main receiver. So, in our understanding, at least part of AS layer procedures is not required to perform for UE if it moves to LP-WUS monitoring.
Similarly, 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 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 4 Ultra-deep-sleep can be modelled as a MICO like mode 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) is kept and all running timers continue to run.
2.2 Considerations on LP-WUS monitoring
After waking up by a LP-WUS, RAN2 has agreed all the 3 options as candidate solutions on the table. Alt 1 is UE could monitor paging DCI/paging when LP WUS somewhat replaces the function of PEI. Alt 2 is using LP-WUS and PEI together and UE would be wake up to monitor PEI. For us, both ways are feasible and LP WUS can carry UE subgroup information to indicate which UE subgroup(s) to monitor corresponding PO(s) or PEI to reduce the false wakeup rate. And it is in NW’s control to wake up the UE for PO monitoring or for PEI monitoring.

Proposal 5 The NW can configure whether UE monitors paging DCI/paging or PEI after waking up by a LP-WUS.
No matter which way it takes, the network could have the flexibility to divide UEs into different groups/subgroups which could be configured with different time/frequency resources for LP-WUS monitoring or the same time/frequency resource but with different sequences for LP-WUS. The NW should have the flexibility for configuration of the number of UE subgroups, e.g., based on the parameters, such as the paging probability, the maximum supported LP-WUS data rate etc. If that is confirmed, RAN2 needs to consider how to group the UE. We can further discuss whether the legacy UE subgrouping for PEI can still be used and whether the actually applied LP WUS subgrouping method can be the same or different from what's applied for PEI.
Alt3 is that the UE is indicated by the LP-WUS to directly goes to RACH procedure which improve not only power consumption but also latency performance. To support this, LP-WUS needs to be associated with UE ID to identify whether the certain UE is paged at the time. However, this may lead to large payload of LP WUS which may affect the design of LP WUS since a 48-bit long 5G-S-TMSI is used as UE ID carried in a Paging Record. If multiple UE IDs are carried via LP-WUS, this would cause a massive overhead of LP-WUS and cause quite worse coverage performance. Therefore, consider how to carry the ID information with lower overhead could be a key for supporting UE specific wake-up via LP-WUS. A possible way is gNB reconfigures a shorter UE ID for this UE.
Proposal 6 RAN2 is suggested to further discuss whether the legacy UE subgrouping for PEI can still be used and whether the actually applied LP WUS subgrouping method can be the same or different from what's applied for PEI.
For UE in RRC_IDLE/RRC_INACTIVE state, it is FFS to what extent the network is or need to be aware of which receiver the UE uses MR/LR or both (for paging reception etc). A potential drawback of not knowing could be increased LP WUS load while a potential drawback of awareness is increased signalling. In our understanding, even if the UE does not notify the gNB, there will not be huge issue. The gNB would prioritize using LP-WUS or transmit both WUS and the legacy paging if it does not know whether WUS/WUR is enabled at the UE or not. Note that in Rel-13 for paging in enhanced coverage that the UE does not inform the network when it changes the extended coverage level within a cell. So, we think similar principle can been adopted here.
Proposal 7 It is not needed for UE to inform gNB when receiver changing, i.e., how to derive the receiver UE is using should be left to network implementation.
3 Conclusions

Based on the discussion, our proposals are provided as follows:
Proposal 8 NW indication to transit UE to Ultra-deep-sleep, e.g. by RRC release can still considered.

Proposal 9 RAN2 is suggested to discuss more exit condition(s) UE transits out of Ultra-deep-sleep from higher layer’s point of view: 

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

· AS timer (e.g., T380 expiry);
Proposal 10 RAN2 can further study the criteria for relaxing serving cell RRM measurement, e.g., the current criteria for relaxing neighbouring cell RRM measurement must be fulfilled as well as the received LP-WUS is strong enough, then UE could apply the LP-WUS.
Proposal 11 Ultra-deep-sleep can be modelled as a MICO like mode 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) is kept and all running timers continue to run.
Proposal 12 The NW can configure whether UE monitors paging DCI/paging or PEI after waking up by a LP-WUS.

Proposal 13 RAN2 is suggested to further discuss whether the legacy UE subgrouping for PEI can still be used and whether the actually applied LP WUS subgrouping method can be the same or different from what's applied for PEI.
Proposal 14 It is not needed for UE to inform gNB when receiver changing, i.e., how to derive the receiver UE is using should be left to network implementation.
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