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1. Introduction
[bookmark: _Hlk67479244]In RAN#97, a study on low-power Wake-up Signal and Receiver for NR has been agreed in SID [1]. And the objective about LP-WUS is the following:
	The study item includes the following objectives:
· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 


In this paper, based on the RAN1 and RAN2 progresses, we will discuss some remaining issues about using LP-WUS in idle/inactive mode.
2. [bookmark: _Toc12718547]Discussion
2.1 Paging 
[bookmark: OLE_LINK2]RAN2 has agreed that entry/exit condition(s) of using LP-WUS is configured in SIB. There may be kind of understanding that such entry/exit condition(s) configuration can also be used as an implicit indication to activate LP-WUS feature in all the UEs. Here “activation” doesn’t mean using of LP-WUS. It’s mainly to activate the checking on entry/exit condition(s). Whether LP-WUS will be monitored still depends on the output of entry condition checking. 
After RAN2#123 meeting, it’s still FFS whether Activation/Deactivation of LP-WUS can be via RRC dedicated signaling, e.g. by RRC release.
In general, if fulfilling the entry condition, UE can enter into ultra-deep sleep mode and start to monitor LP-WUS. When DL data arrives, gNB can send LP-WUS to wake up UE and further page UE to setup the connection. After receiving the LP-WUS, UE needs some time to ramp-up (i.e., 400ms, 800ms) and synchronization before it can receive paging message. Compared with legacy paging procedure, the using of LP-WUS will inevitably increase the paging and access delay. Therefore, we think besides the indication in SIB, more control may be needed on which UEs can be activated the LP-WUS feature. 
For a UE in inactive mode, if the suspended DRBs are delay-sensitive, e.g., for IMS usage, it is suggested not to activate the LP-WUS for such UE to avoid the large access delay and bad impacts on user experience. Moreover, due to the overload of LP-WUS, NW may also want to activate LP-WUS feature for only part of UEs. For example, if the load of LP-WUS is heavy, gNB could activate the LP-WUS only for the LP-WUS capable UEs with higher requirement on power saving, such as IoT device, and deactivate the LP-WUS for the LP-WUS capable UEs with lower requirement on power saving, such as eMBB device. Therefore, it would be more flexible to up to gNB’s policy to activate or deactivate the LP-WUS via RRC dedicated signaling for only some LP-WUS capable UEs. 
Proposal 1: Activation or deactivation of using LP-WUS can be configured via RRC dedicated signaling.

Moreover, we should clarify the relationship between MR and LP-WUS. On the one hand, if UE cannot fulfill the entry condition of monitoring LP-WUS, UE has to turn on MR. On the other hand, even if UE can fulfill the exit condition of monitoring LP-WUS, it’s still undetermined on whether MR must be turned off. 
Per our understanding, even UE is using LP-WUS, it may not necessarily to turn off MR. As we know, in idle/inactive mode, UE anyway needs to perform RRM measurement based on SSB or PLMN selection, in other word, UE cannot turn off MR completely. Therefore, we prefer to decouple the processes on LP-WUS and MR. even LP-WUS is used, UE is still allowed to turn on MR and it can be left to UE implementation on whether and when to turn on MR to perform RRM measurement or PLMN selection. Moreover, reception of LP-WUS is mainly used for triggering UE to receive paging, but no need to associate with the turning on of MR (as the MR may already be turned on).
Proposal 2: Even a UE in idle mode is using LP-WUS, it may be not necessarily to turn off MR. Moreover, LP-WUS is mainly used for triggering UE to receive paging, but no need to associate with the turning on of MR.

In the RAN2#123 meeting agreements, there is one FFS as below:
	· 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.


For UE in idle or inactive mode, because gNB couldn’t obtain the information about the change of channel condition in UE, gNB cannot exactly know whether the condition for monitoring LP-WUS is satisfied in UE side. Furthermore, gNB couldn’t know whether to transmit LP-WUS to the UE. Moreover, if UE enters into the ultra-deep sleep mode and woke up upon reception of LP-WUS, it requires at least a ramp up time (400 ms or 500 ms) for UE’ MR to turn on and then can receive paging message. Since gNB also can’t know when UE is able to receive paging message, it couldn’t determine when to transmit paging message.
One solution is to allow UE inform gNB whether UE satisfied the condition of LP-WUS. But UE has to set up RRC connection frequently which will increase the UE power consumption and so is undesired. So we suggest not to pursue this solution.
Proposal 3a: There is no need for UE in idle/inactive to inform gNB whether UE satisfies the condition of using LP-WUS in idle/inactive mode.
Another approach to address this issue is that, after the LP-WUS is activated by either SIB or RRC for a LP-WUS capable UE, gNB always transmits LP-WUS when it needs to wake up the UE and further transmits the paging message at a fixed time point after LP-WUS. By doing so, if UE’MR enters into the ultra-deep sleep mode, UE can firstly detect the LP-WUS and wake up accordingly. But if UE’MR doesn’t enter into the ultra-deep sleep mode, UE can directly monitor paging message at the fixed time point after LP-WUS. This fixed time point can be determined by the ramp-up time and the time for synchronization.
Proposal 3b: If the LP-WUS is activated by SIB or RRC for a LP-WUS capable UE, gNB always transmits LP-WUS when it needs to wake up the UE. And gNB also transmits the paging message at a fixed time point after LP-WUS.

	· 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)


In the RAN2#123 meeting agreements, there is another FFS as below:

During the discussion about LP-WUS SID, the access latency caused by LP-WUS is proposed as one of the evaluation targets of the SID. 
For Alt 1.1 and Alt 1.2, UE has to be waked up from the ultra-deep sleep mode by LP-WUS in IDLE/INACTIVE mode at first. Since the ramp-up time could reach 400ms or 800ms, it will take UE several hundred milliseconds to wake up from the ultra-deep sleep mode. When gNB receives a paging message from core network, gNB transmits LP-WUS to wake up UE and then transmits paging message in UE’s PO. It’s easy to see that, the access latency caused by LP-WUS would be much larger than legacy procedure. Moreover, after the reception of LP-WUS, the PO in the nearest DRX cycle may be missed. Taking an example, if the paging cycle is 640ms, considering of the 800 ms ramp-up time, the nearest available PO for a UE may be in the third DRX cycle after LP-WUS. Therefore, the solution to reduce the access latency caused by LP-WUS needs to be considered.
One solution is to introduce a dynamic PO. The dynamic PO could be the additional PDCCH resources or additional PO(s) located in the nearest DRX after ramp-up time. Taking an example, if the paging cycle is 640ms, considering of the 800 ms ramp-up time, the dynamic PO for a UE may be in the second DRX cycle after LP-WUS. Hence, the dynamic PO could reduce the access latency and worth to be studied in RAN2. 
Proposal 4: The dynamic PO could be considered in RAN2. 
For Alt2, as the reception of PEI and paging message could be skipped, the access latency can be shorten greatly. Alt2 is suitable for the UE that is sensitive for time delay and power saving. One possible use case may be that, alarm keeps silent in the most cases, but needs to be woken up quickly in an emergency situation. Moreover, Alt2 requires a UE special LP-WUS resource, and the UE special LP-WUS could be a time or frequent resource, or UE_ID. If the network could allocate UE ID only for a small number of UEs, the UE ID could be defined kind of short and so will not consume much bits in LP-WUS. So in our understanding, Alt2 is feasible and also helpful for reducing the access latency and worth to be studied in RAN2.
Proposal 5: The option that UE could perform random access directly after waking up by a LP-WUS could be considered in RAN2. 

2.2 RRM measurement
In RAN2#123 meeting, the agreements about RRM measurement are as below:
	· [bookmark: OLE_LINK142][bookmark: OLE_LINK137][bookmark: OLE_LINK135]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.


Generally, after introducing LP-WUS, the RRM measurement on serving cell via MR can be relaxed when RRM measurement on LR is used. But some details on how to relax RRM measurement on serving cell may still need to be discussed.
For relaxed serving cell RRM measurement based on LP-SS, the coverage of LP-SS should be considered as one condition. Besides, the mobility state of UE should also be considered. If UE moves fast, UE may move to other cell in a short time. In this case, if UE performs the relaxed serving cell RRM measurement, the obtained measurement results may not accurately reflect the change of signal quality in serving cell, which may cause UE missing the cell reselection timely. Hence, the mobility state of UE should be considered as another condition of relaxed RRM measurement.
Proposal 6: The mobility state of UE should be considered as a condition of relaxed serving cell RRM measurement.
In current TS 38.304 specification, if the conditions, e.g. Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, are satisfied, UE can start to perform neighbor cell measurement. In other word, a virtual cell center area can be assumed based on the configuration of SnonIntraSearchP and SnonIntraSearchQ. Within the cell center, e.g., Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ. UE doesn’t need to perform neighbor cell measurement.
Moreover, the relaxed neighbor cell measurement based on SSB is also supported from R16. Roughly to say, if the condition of relaxed neighbor cell measurement are further satisfied, e.g. Srxlev > SSearchThresholdP and Squal > SSearchThresholdQ, and (SrxlevRef – Srxlev) < SSearchDeltaP, UE can perform the relaxed neighbor cell measurements.
As the coverage of LP-WUS is still FFS, we think the following cases need to be discussed. We mainly analysis the UE behavior for the UEs in the coverage of LP-WUS (e.g., the UE in blue circle).
	Case 1
	Case 2
	Case 3

	

	

	


	In this case, we have the following observations:
· The coverage of LP-WUS (if entry condition is suitably configured, the coverage of LP-WUS can be seen as determined by the entry condition) is smaller than the coverage of cell center (determined by SnonIntraSearchP and SnonIntraSearchQ). 
· The UEs within coverage of LP-WUS (blue circle) are also within the coverage of cell center (white circle), which means, these UEs don’t need to perform neighbor cell measurement. UE only perform serving cell measurement based on LP-SS.
	In this case, we have the following observations:
· The coverage of LP-WUS (if entry condition is suitably configured, the coverage of LP-WUS can be seen as determined by the entry condition) is larger than the coverage of cell center. 
· Some UEs within coverage of LP-WUS are also within coverage of cell center. They can have same behaviors as the UEs in case 1.
· Some other UEs within coverage of LP-WUS are outside of the coverage of cell center. Moreover, these UEs are still within coverage of relaxed neighbor cell measurement. That means these UEs still could perform relaxed neighbor cell measurement based on SSB. Since relaxed neighbor cell measurement is allowed, the relaxed serving cell measurement based on LP-SS could be allowed if within of the coverage of LP-SS.
	In this case, we have the following observations:
· The coverage of LP-WUS (if entry condition is suitably configured, the coverage of LP-WUS can be seen as determined by the entry condition) is larger than the coverage of cell center. 
· Some UEs within coverage of LP-WUS are also within coverage of cell center. They can have same behaviors as the UEs in case 1.
· Some UEs within coverage of the relaxed neighbor cell have same behaviors as the UEs in case 2.
· Some other UEs within coverage of LP-WUS are outside of the coverage of the relaxed neighbor cell. That means, these UEs still could perform neighbor cell measurement based on SSB but relaxed neighbor cell measurement isn’t allowed. If the neighbor cell measurement requires a denser measurement than the relaxed serving cell measurement based on LP-SS, the power gain of relaxed serving cell measurement based on LP-SS is small. The serving cell measurement based on LP-SS may be meaningless and not be needed anymore.


In a summary, we think RAN2 can further discuss the above cases to see what the possible impacts on RAN2 and maybe also RAN4 will be.
Proposal 7: RAN2 to discuss the coexistence of the relaxed serving cell measurement with LP-SS and the R16 relaxed neighbor cell measurement with SSB.
2.3 UE capability
UE capability about LP-WUS is essential for gNB. Initially, gNB needs to activate LP-WUS for a UE only if the UE supports it. Moreover, when gNB pages a UE, it needs to firstly transmit LP-WUS to wake up the UE who supports LP-WUS and has LP-WUS activated. However, gNB couldn’t store UE context of a UE in idle mode. gNB needs to obtain UE capability about LP-WUS when it pages the UE, e.g., from the core network. 
Proposal 8: RAN2 needs to consider the UE capability signaling for LP-WUS.
3. Conclusion and proposals
Based on the analysis in previous sections, the following observations and proposals are given:
Proposal 1: Activation or deactivation of using LP-WUS can be configured via RRC dedicated signaling.
Proposal 2: Even a UE in idle mode is using LP-WUS, it may be not necessarily to turn off MR. Moreover, LP-WUS is mainly used for triggering UE to receive paging, but no need to associate with the turning on of MR.

Proposal 3a: There is no need for UE in idle/inactive to inform gNB whether UE satisfies the condition of using LP-WUS in idle/inactive mode.
Proposal 3b: If the LP-WUS is activated by SIB or RRC for a LP-WUS capable UE, gNB always transmits LP-WUS when it needs to wake up the UE. And gNB also transmits the paging message at a fixed time point after LP-WUS.

Proposal 4: The dynamic PO could be considered in RAN2. 
[bookmark: _GoBack]Proposal 5: The option that UE could perform random access directly after waking up by a LP-WUS could be considered in RAN2. 

Proposal 6: The mobility state of UE should be considered as a condition of relaxed serving cell RRM measurement.
Proposal 7: RAN2 to discuss the coexistence of the relaxed serving cell measurement with LP-SS and the R16 relaxed neighbor cell measurement with SSB.
Proposal 8: RAN2 needs to consider the UE capability signaling for LP-WUS.
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