3GPP TSG-RAN WG2 Meeting #123bis                                                   R2-2309818
Xiamen, China, 9 – 13 October, 2023

Source:	CATT
[bookmark: Title]Title:	Further considerations on LP-WUS in RRC_IDLE&INACTIVE states
[bookmark: Source]Agenda Item:	7.22.2
[bookmark: DocumentFor]Document for:	Discussion and Decision

[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]After RAN2#123 meeting, many agreements were achieved on LP-WUS in RRC_IDLE&INACTIVE states and were captured in [1]. In this contribution, we address FFSs on the topic.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Discussion
[bookmark: _Ref131489833]2.1	Network awareness of whether the UE is monitoring LP-WUS or not
In RAN2#123 meeting, it was agreed to capture in the TR [1] corresponding pros/cons of network awareness of whether the UE is monitoring LP-WUS or not in a table. Regarding the necessity for the network/gNB to be aware of whether an Idle/Inactive UE is monitoring LP-WUS or not, it remains FFS. 
As summarized in the table in [1], for the network awareness of whether UE monitoring LP-WUS, it would require the UE to inform the network when it switches receivers. The table lists some associated drawbacks e.g. this will lead to more UE power consumption caused by more signalling overhead, which somehow defeats the purpose of UE power saving. 
Moreover, considering the RAN2 agreement that it would be beneficial to use subgrouping for LP-WUS, in such case, the gNB may still need to transmit the LP-WUS even if only one UE in the sub-group can receive it. Thus the energy saving on the network side may be reduced in practice even if the network can be aware of whether the UE is monitoring LP-WUS or not.
Observation 1: When LP-WUS is used with subgrouping, the gNB may still need to transmit the LP-WUS even if only one UE in the sub-group can receive it. Thus the energy saving on the network side may be reduced in practice even if the network can be aware of which UEs use/don’t use LP-WUS. 
Finally it remains to be discussed how an Idle UE can report such information to the network. If it requires that it switches to Connected, then it is quite ineffective.
Observation 2: If an Idle UE is required to report to the network when it switches receiver, it also requires the UE to switch to Connected, which adds further overhead and power consumption, and is ineffective, from RRC state management perspective. 
Hence, we propose updating the comparison table in the TR to add the above observations:
	Table X: Pros and Cons for network awareness of using LP-WUS
	
	Network knows whether UE monitors LR or MR
	Network does not know whether UE monitors LR or MR

	Pros
	Reduce Uu resource consumption:
NW only sends LP-WUS when the target UE is monitors LP-WUS;

Lower false wake-up rate:
When LP-WUS is not sent, the other UE monitoring LP-WUS, which is in the same group with the target paging UE, will not be waken up as a result of false wake up.
	Since the UE needs not to inform the NW whether its MR is monitoring or not, the 
signalling overhead, Uu resource consumption, UE power consumption caused by MR state report does not exist.


	Cons
	More signalling overhead:
UE needs to inform the NW when it starts/stops monitoring with MR.

Uu resource consumption caused by more signalling overhead.

More UE power consumption caused by more signalling overhead.

When LP-WUS is used with subgrouping, the gNB may still need to transmit the LP-WUS even if only one UE in the sub-group can receive it. Thus the energy saving on the network side may be reduced in practice even if the network can be aware of which UEs use/don’t use LP-WUS.

If an Idle UE is required to report to the network when it switches receiver, it also requires the UE to switch to Connected, which adds further overhead and power consumption and is ineffective, from RRC state management perspective.
	More Uu resource consumption：NW always send LP-WUS signal given it always assume the target UE is monitoring the LP-WUS.

More alarm rate of LP-WUS: in case the target UE is not monitoring LP-WUS, the other UE (monitoring the same LP-WUS as the target UE) will be waken up.






Then, from the above comparison table, we suggest:
Proposal 1: RAN2 recommends updating the comparison table in the TR with the observation1&2 for the cons for network awareness of using LP-WUS.
Proposal 2: RAN2 recommends in the TR that the network should not be required to be aware of whether the UE is monitoring LP-WUS or not.
[bookmark: _Ref141797768]2.2	LP-WUS monitoring and waking up procedure
In last RAN2 meeting, it was agreed:
	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)


But there is no summary of impact or comparison among the above alternatives.
For Alt 1.1, LP-WUS is used to replace PEI with lower power consumption. False paging is reduced by use of UE subgrouping for LP-WUS. The payload of LP-WUS is low even with UE subgroup indication in it. Therefore, the complexity of LP-WUS design is low. The access latency is medium which is determined by LP-WUS reception, paging reception and random access procedure. 
For Alt 1.2, LP-WUS and PEI are used together. Compared with Alt 1.1, one company [R2-2307082] thinks the false alarm probability may be further reduced if UE subgrouping mechanism is used in LP-WUS and PEI together. However, if the LP-WUS subgroup is larger, then there will be useless UEs wake-up, which is not desirable. In addition, the complexity of UE subgrouping mechanism is increased. Compared with Alt 1.1, the access latency is increased which is determined by LP-WUS reception, PEI reception, paging reception and random access procedure. 
For Alt 2, UE performs random access directly since LP-WUS replaces both PEI and Paging altogether. The access latency is reduced which is determined by LP-WUS reception and random access procedure. But in order to support the UE to perform random access directly after reception of LP-WUS, a unique UE identifier, e.g., the 48-bit 5G-S-TMSI or 24/40-bit I-RNTI, needs to be included in the LP-WUS. This increases the payload of LP-WUS. The following issues need to be carefully studied with large payload of LP-WUS, e.g., whether the reliability can be guaranteed for this kind of LP-WUS, whether it may further reduce the coverage performance of LP-WUS. The complexity of LP-WUS design is high. There is no false alarm considering a unique UE identifier is included in LP-WUS. However, in legacy, Both Paging messages and Short Messages are addressed with P-RNTI on PDCCH. And the latter is for notifying UEs of SI change or ETWS/CMAS indications, which do not trigger RACH. So with Alt 2, it remains to sort out how SI change and ETWS/CMAS would be carried out.  
The pros and cons of the above alternatives are summarized in the table below.
Table 1 pros and cons of three possible wake up procedures
	
	Alt1.1 
LP-WUS+ Paging
	Alt 1.2
 LP-WUS+PEI+paging
	Alt 2
LP-WUS+Random Access procedure directly

	Access latency
	LP-WUS reception+ paging reception+ random access procedure
	LP-WUS reception+PEI reception+paging reception +random access procedure
	LP-WUS reception +random access procedure

	False Alarm
	Can be reduced by use of UE subgrouping for LP-WUS.
	Unclear if and how it can be further reduced if UE subgrouping mechanism is used in LP-WUS and PEI together.
	No false alarm issue

	Complexity of LP-WUS Design
	Low
	It is higher if UE subgrouping mechanism is used in LP-WUS and PEI together
	High considering a unique UE identifier needs to be contained in LP-WUS

	Integration with legacy
	Smooth as LP-WUS replaces PEI
	Unclear what PEI functionality adds on top of LP-WUS
	It remains to sort out how SI change and ETWS/CMAS would be carried out


Proposal 3: RAN2 recommends capturing pros and cons of three possible waking up procedures in the table in TR, as summarized in the Table 1.
2.3 LP-WUS coverage and trigger condition
It is FFS whether the entry/exit condition(s) for using LP-WUS is configured via RRC dedicated signalling, e.g. by RRC release. We see no obvious benefit to provide the entry/exit condition(s) of using LP-WUS via RRC dedicated signaling. On the other side, if we support to provide via RRC dedicated signaling, we need to further discuss which info needs to be provided by the UE to assist the network to configure the dedicated entry/exit condition(s) and which condition can be provided via RRC dedicated signaling. Hence, we proposed to deprioritize it.
Proposal 4: Configuring entry/exit condition(s) for using LP-WUS in RRC dedicated signalling is deprioritized.
2.4 System information update and PWS
It is FFS whether to indicate the notification of ETWS/CMAS or SI change in LP-WUS. Indicating the notification of ETWS/CMAS or SI change in LP-WUS can reduce the latency of acquiring the required information, since the step of monitoring the Short Messages on PDCCH is skipped. But more bits need to be added in LP-WUS which increases the complexity on design of LP-WUS. Considering the payload design of LP-WUS is depended on RAN1, it is preferred to capture the following in TR:
Proposal 5: RAN2 recommends capturing: Indicating the notification of ETWS/CMAS or SI change in LP-WUS can reduce the latency of acquiring ETWS/CMAS or changed SI, but it depends on RAN1’s progress on the payload of LP-WUS.
2.5 RRM measurement
[bookmark: OLE_LINK135][bookmark: OLE_LINK137]In last RAN2 meeting, it was agreed RRM measurement on serving cell via MR is relaxed (may include no measurement) if RRM measurement on LR is feasible/supported. It is FFS on the details, e.g. how to relax, in which condition. Ideally, when it uses LP-WUR the UE does not use MR and that is where the power saving comes from. If it still has to rely on MR to perform some relaxed measurement, then the power saving is questionable. So the best situation is when UE uses LP-WUR, it performs all RRM measurements of serving cell on LP-WUS (or LP-SS) and no measurement on MR.
Proposal 6: From RAN2 perspective, it is preferred that when UE uses LP-WUR, it performs all RRM measurements of serving cell on LP-WUS (or LP-SS) and no measurement on MR. Pending feasibility to be assessed in RAN1.
It is still FFS on the feasibility of RRM measurements performed by LP for neighboring cell in RAN1. Therefore, we think it is still too early for RAN2 to discuss neighbor cell measurements based on LP-WUR. Hence, it is proposed:
[bookmark: _Toc134619202][bookmark: _Toc134733552][bookmark: _Toc142661023]Proposal 7: RAN2 waits for more inputs from RAN1 to study RRM for neighbor cells in RC_IDLE/INACTIVE mode.
Conclusion
According to the analysis in section 2, it is observed and proposed:
Observation 1: When LP-WUS is used with subgrouping, the gNB may still need to transmit the LP-WUS even if only one UE in the sub-group can receive it. Thus the energy saving on the network side may be reduced in practice even if the network can be aware of which UEs use/don’t use LP-WUS.
Observation 2: If an Idle UE is required to report to the network when it switches receiver, it also requires the UE to switch to Connected, which adds further overhead and power consumption, and is ineffective, from RRC state management perspective.
Proposal 1: RAN2 recommends updating the comparison table in the TR with the observation1&2 for the cons for network awareness of using LP-WUS.
Proposal 2: RAN2 recommends in the TR that the network should not be required to be aware of whether the UE is monitoring LP-WUS or not.
Proposal 3: RAN2 recommends capturing pros and cons of three possible waking up procedures in the table in TR, as summarized in the Table 1.
Table 1 pros and cons of three possible wake up procedures
	
	Alt1.1 
LP-WUS+ Paging
	Alt 1.2
 LP-WUS+PEI+paging
	Alt 2
LP-WUS+Random Access procedure directly

	Access latency
	LP-WUS reception+ paging reception+ random access procedure
	LP-WUS reception + PEI reception +paging reception +random access procedure
	LP-WUS reception +random access procedure

	False Alarm
	Can be reduced by use of UE subgrouping for LP-WUS.
	Unclear if and how it can be further reduced if UE subgrouping mechanism is used in LP-WUS and PEI together.
	No false alarm issue

	Complexity of LP-WUS Design
	Low
	It is higher if UE subgrouping mechanism is used in LP-WUS and PEI together
	High considering a unique UE identifier needs to be contained in LP-WUS

	Integration with legacy
	Smooth as LP-WUS replaces PEI
	Unclear what PEI functionality adds on top of LP-WUS
	It remains to sort out how SI change and ETWS/CMAS would be carried out


Proposal 4: Configuring entry/exit condition(s) for using LP-WUS in RRC dedicated signalling is deprioritized.
Proposal 5: RAN2 recommends capturing: Indicating the notification of ETWS/CMAS or SI change in LP-WUS can reduce the latency of acquiring ETWS/CMAS or changed SI, but it depends on RAN1’s progress on the payload of LP-WUS.
Proposal 6: From RAN2 perspective, it is preferred that when UE uses LP-WUR, it performs all RRM measurements of serving cell on LP-WUS (or LP-SS) and no measurement on MR. Pending feasibility to be assessed in RAN1.
Proposal 7: RAN2 waits for more inputs from RAN1 to study RRM for neighbor cells in RC_IDLE/INACTIVE mode.
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