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1. Introduction
In RAN2#123 meeting, a dozen of technical common grounds for LP-WUS in RRC_IDLE/INACTIVE state have been preliminarily identified to ensure the integrity of the WI scope [1]. These proposals cover entry/exit criteria of using LP-WUS, wake up procedure, network awareness of LP-WUS monitoring, RRM and mobility, use cases of LP-WUS beyond pure paging, etc.
	· Proposal 1. Entry/exit condition(s) of using LP-WUS is configured in SIB. 
· Proposal 2: FFS via RRC dedicated signalling, 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 signalling, 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 necessity 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.
· [bookmark: OLE_LINK142][bookmark: OLE_LINK135][bookmark: OLE_LINK137]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


The agreements are comprehensive since they capture almost all rounds of the critical aspects. Thus, in this contribution, we would like to discuss some remaining issues of LP-WUS in RRC_IDLE/INACTIVE state including enabling control, paging design and SI maintenance and the corresponding MR/LR UE behaviours from RAN2 perspective.
2. [bookmark: OLE_LINK139][bookmark: OLE_LINK140]Discussion
In the following subsections, we will focus on the following FFS points:
· Common/UE-specific enabling control for LP-WUS capable UE
· Subgrouping mechanism and network awareness of LP-WUS monitoring
· Valid system information maintenance
2.1. Enabling control for LP-WUS
To utilize the LP-WUS function, the UE capability coordination and maintenance are required so that the network can provide appropriate configuration to the UE and/or decide how to page the UE. After the LP-WUS UE capability has been interacted between the UE and network, the next issue is the enabling of the LP-WUS function, i.e., how the UE decides whether/when the LP-WUS feature can be enabled. 
Option 1: Common control for all LP-WUS capable UEs.
Common control is a straightforward way which indicates the LP-WUS capable UE can enable the LP-WUS feature as long as the network also support the feature.
To be specific, UE is allowed to apply the LP-WUS function in idle/inactive state as long as it receives the LP-WUS configuration from the camped cell. The LP-WUS configuration is the condition for LP-WUS enabling and should be broadcast so that all the LP-WUS capable UEs can determine if they are able to use LP-WUS. Considering the mobility scenario, if UE switches to other cells that do not support LP-WUS, then it should fall back to MR and disable the LP-WUS function.
This option is simple without additional conditions/rules but may lack flexibility considering that all the LP-WUS capable UEs are under unified control.
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Fig.1 Common enabling control for LP-WUS
Option 2: UE-specific control for LP-WUS capable UEs.
UE-specific control as an enhancement can be considered to overcome the drawback of Option 1. In this way, the network can further decide whether a UE is allowed to use the LP-WUS feature based on the conditions in the network (e.g. resources) or the properties of the UE (e.g. paging probability).
For instance, the UE reports its LP-WUS capability to the network. The network subsequently indicates to the UE whether the LP-WUS feature is enabled via dedicated RRC signalling or NAS signalling. Later similar to option 1, after going into idle/inactive state, the UE that is allowed to use the LP-WUS feature further determines whether to use the LP-WUS based on the broadcast information from the camped cell.
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Fig.2 UE-specific enabling control for LP-WUS
Proposal 1: Enabling control of the LP-WUS feature should be studied. Possible ways include:
· Option 1: Common control for all LP-WUS capable UEs.
· Option 2: UE-specific control for LP-WUS capable UEs.
2.2. LP-WUS paging design
2.2.1 Subgrouping mechanisms
RAN2 has confirmed that sub-group based paging is beneficial. Thus, UE subgroup design is one of the main issues to be considered. In the recent meeting, RAN2 agreed to study UE subgrouping methods for LP-WUS.
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· 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.



As for the specific paging operation after MR has been waked up, there could be two alternatives. One straightforward way is that the LP-WUS replaces the function of PEI to indicate whether there is paging for certain UE subgroups. 
Another way is to combine LP-WUS with PEI. After ramping up, MR further monitors the R17 wake-up signal PEI and decides whether to monitor the associated PO based on the indication via PEI. Through such a combination, the paging false alarm issue of UE subgroup based LP-WUS can be improved since the UEs waked up by LP-WUS can be refined by PEI, which provides a chance for UEs that are actually not paged to avoid unnecessary PO monitoring.
Based on the scenario above, if both the LP-WUS and the PEI correspond to a UE group, we should consider to introduce subgroup design for LP-WUS to function together with PEI. One approach is to blindly assign subgroup information for LP-WUS and PEI, i.e., to use independent method rather than that for PEI to obtain LP-WUS subgroup information. However, inappropriate grouping might not achieve the intended purpose of combining LP-WUS and PEI since the false alarm issue may not be mitigated, instead, additional power consumption and complexity for the UE are increased. For instance, if the UE in the subgroup of LP-WUS happens to be the same as that in the subgroup of PEI, LP-WUS combined with PEI have the same effect as using LP-WUS alone. 
Observation 1: Improper blindly subgrouping assignment for PEI and LP-WUS may lead to worse performance.
To overcome the drawback of the above option, we propose to apply the allocation of LP-WUS subgroup information associated with the PEI subgrouping, e.g., LP-WUS subgrouping on the top of PEI subgrouping, so as to ensure that a false alarm of paging can be reduced when the two wake-up signals are used together. 
Proposal 2: For the usage of LP-WUS combined with PEI, consider the joint subgrouping for LP-WUS and PEI.
2.2.2 Network awareness of LP-WUS monitoring
From RAN1’s agreement, the coverage of LP-WUS could be sufficient or insufficient. When the LP-WUS coverage area is smaller than the legacy cell coverage, UE needs to switch on MR when it is out of the coverage of LP-WUS. When it moves into the coverage of LP-WUS the UE’s MR may enter ultra-deep sleep and work on LR again. If UE move into the coverage of LP-WUS, the network should use LP-WUS to wake up it. On the contrary, the network should use legacy paging signal to reach UE when it is out of coverage of LP-WUS. From this perspective, if the network is able to be aware of the UE’s LR/MR state, it can send paging message via either LP-WUS or legacy NR paging channel which can save radio resource.
Observation 2: To enable network awareness of LR/MR switching can save radio resource for both of LP-WUS and NR paging.
However, the switching between LR and MR may be initiated by the UE itself, thus the network needs to be informed by UE via dedicated signalling. For example, if signal strength of LP-WUS is above a threshold over a period of time, the UE’s MR may enter ultra-deep sleep and work on LR to detect the LP-WUS. And at the same time, the UE can tell the network the information via MR before switching to LR. The issue is how the UE sends this information to network. If it needs to move into RRC_CONNECTED state and then sends a dedicated RRC message, there would be power consumption and signalling overhead for the whole procedure. Thus, a lighter way is preferred for LR/MR state reporting in RRC_IDLE/INACTIVE state. For RRC_INACTIVE state, SDT-like method can be considered. For instance, the MR/LR switching information can be carried in Msg.3/Msg.B/Msg.5. Then network can update the UE context which is used to determine how to page the UE. But for RRC_IDLE state, it’s not clear whether it is sufficient to inform RAN with the information, or the CN needs to be involved as well, in which case it would be quite different to develop a simple and secured method, and can be FFS.
Observation 3: Notification of LR/MR state change in inactive state will not have significant signalling overhead.
Proposal 3: For RRC_INACTIVE state, the UE can inform the network with LR/MR switching information using an SDT-like method, then the network can send paging message via corresponding signal. FFS RRC_IDLE state.
2.3. SI maintenance
In legacy system information acquisition procedure, the UEs in RRC_IDLE/INACTIVE state needs to maintain valid system information of the camped cell, so it needs to monitor short message for change of system information as well as ETWS and CMAS notification. For LP-WUS monitoring by LR, the design target is to allow the UEs to stay on LR as much as possible to reduce power consumption, which may require LP-WUS to carry more information apart from paging related info. But the feasibility is also subject to L1 signal design.
It is worth discussing the necessity for the UE on LR to maintain a valid SI. If the UE is required to maintain valid SI as legacy behaviour, it leads to more frequent switch to MR which consumes more power, and not all the changed SI is useful if the UE stays on LR. 
Observation 4: If the UE is required to maintain valid system information, it leads to more frequent switch to MR which consumes more power, and not all the changed system information is useful if the UE stays on LR.
[bookmark: _GoBack]However, the maintenance of the essential SI can be beneficial in terms of reliability and latency reduction. For instance, if there is LP-WUS related SI, once it changes, it should be informed to the UE, otherwise the UE would use the out-of-date LP-WUS related configuration and consequently cannot detect the LP-WUS correctly. In addition, if the UE early knows that RACH parameters has not changed, it can directly use the stored RACH parameters to perform initial access when the UE is waked up by UE-specific LP-WUS, which can reduce the access latency. Therefore, the essential SI for LP-WUS should be maintained to ensure the UE works normally, and whether/which/how other SI needs to be maintained to reduce the access latency can be further discussed. 
Proposal 4: The LP-WUS related system information should be maintained when UE is monitoring LP-WUS by LR, whether/which/how other SI needs to be maintained to reduce the access latency can be further studied.
3. Conclusion
In this paper, we discuss some remaining issues of LP-WUS in RRC_IDLE/INACTIVE state including enabling control, paging design and SI maintenance. Observations and proposals are summarized as follows.
Enabling control:
Proposal 1: Enabling control of the LP-WUS feature should be studied. Possible ways include:
· Option 1: Common control for all LP-WUS capable UEs.
· Option 2: UE-specific control for LP-WUS capable UEs.
Paging design:
Observation 1: Improper blindly subgrouping assignment for PEI and LP-WUS may lead to worse performance.
Observation 2: To enable network awareness of LR/MR switching can save radio resource for both of LP-WUS and NR paging.
Observation 3: Notification of LR/MR state change in inactive state will not have significant signalling overhead.
Proposal 2: For the usage of LP-WUS combined with PEI, consider the joint subgrouping for LP-WUS and PEI.
Proposal 3: For RRC_INACTIVE state, the UE can inform the network with LR/MR switching information using an SDT-like method, then the network can send paging message via corresponding signal. FFS RRC_IDLE state.
SI maintenance:
Observation 4: If the UE is required to maintain valid system information, it leads to more frequent switch to MR which consumes more power, and not all the changed system information is useful if the UE stays on LR.
Proposal 4: The LP-WUS related system information should be maintained when UE is monitoring LP-WUS by LR, whether/which/how other SI needs to be maintained to reduce the access latency can be further studied.
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