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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#122 meeting, preliminary agreements on LP-WUS were achieved as follows [1]:
	RAN2 expect that different coverage LR/MR may have RAN2 impact, e.g. UE need to stop using LP WUS when moving out of LR coverage, other aspects FFS. What to cover (if anything) in TS 38.304 is FFS.
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, a potential drawback of awareness is increased signalling. 
RAN2 assumes that UE uses LP WUS when pre-configured condition(s) are fulfilled. 
(Other control methods not precluded)
RAN2 assumes that using subgrouping for LP-WUS could be beneficial to reduce false alarms rate (depend on L1 capacity to carry payload). 


In this document, we continue to discuss the RAN2 impact for LP-WUS in RRC_IDLE /RRC_INACTIVE state.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Discussion
[bookmark: _Ref131489833]2.1	LP-WUS functionality 
In RRC Idle/Inactive, it is expected that the UE monitors LP-WUS per paging cycle. Different LP-WUS design options would allow such channel/signal to carry different amounts of payload.
And in RAN1#112bis-e meeting [2], it was agreed that
	Agreement
· For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g. UE-group, -subgroup or -ID
· FFS: cell information 
· FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information


This leaves the door open to different options in terms of LP-WUS functionality in RRC Idle/Inactive, being discussed in RAN1. Namely:
Option 1: LP-WUS replaces the PEI (minimum payload)
Option 2: LP-WUS replaces the paging PDCCH and Paging messages (more ambitious payload)
The information carried by LP-WUS can also be studied for each corresponding mechanism.
And based on the progress made in RAN2#122 meeting, it can be seen that RAN2 already considers using subgrouping in LP-WUS to reduce the false alarms rate. Hence, it can be deduced implicitly that RAN2 assumes LP-WUS can be used to replace PEI as a baseline. 
Hence, it is proposed to confirm this:
[bookmark: _Toc142661017]Proposal 1: RAN2 confirms that from higher layer perspective, LP-WUS replaces the PEI, as a baseline.
Apart from the feasibility that LP-WUS can be used to replace PEI, we can also study whether LP-WUS can be applied to replace Paging, as discussed in RAN1.
When LP-WUS replaces Paging, the MR is in ultra-deep sleep and the UE only monitors LP-WUS instead of Paging PDCCH and Paging messages. When the UE receives the LP-WUS, it will leave ultra-deep sleep state. In this option, the information carried in LP-WUS should include the legacy information from the paging PDCCH (UE identity, SI change indication, ETWS/CMAS indications) as well as the legacy content of the Paging message. When these are aggregated into one single channel (LP-WUS) RAN2 should study some optimization (e.g. remove redundant information). Clearly, even at first glance, this option where LP-WUS replaces PEI, paging PDCCH and the paging message altogether should bring significantly higher power saving benefit compared with the simple PEI replacement option. And this also brings great payload size to LP-WUS. Thus, the following issues need to be carefully studied, 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. Meanwhile, this will bring high requirements on LP-WUS design. Therefore, at this stage we prefer to keep the LP-WUS functionality for Idle/Inactive UEs to the PEI functionality. 
Observation 1: If LP-WUS is used to replace Paging, and legacy information in Paging is carried in LP-WUS, the following issues should be considered:
· higher requirements on the reliability and LP-WUS design;
· aggravation of the coverage  issues;
· higher layer procedural impact of merging PEI, paging PDCCH and the paging message on one channel
[bookmark: _Toc142661018]Proposal 2: Option where LP-WUS replaces the paging PDCCH and Paging messages is deprioritized.

[bookmark: _Ref141797768]2.2	Conditions for LP-WUS monitoring in RRC Idle/Inactive
In RAN1#113 meeting, it was agreed that:
	Agreement
For Idle/Inactive mode, following options for activation and deactivation of LP-WUS monitoring by LP-WUR for a UE can be considered for study
· Alt 1a: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS WUS monitoring is up to UE implementation.
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 1b: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 2: 
· activation and/or deactivation of LP-WUS monitoring in a cell is based on signalling.
· Paging misdetection performance shall not be impacted.


Clearly, when the UE is in RRC_IDLE/INACTIVE state, it firsts needs to know whether the (re)selected cell supports LP-WUS. The straightforward solution is to broadcast this information in system information which is similar to the mechanism of PEI. That is, if LP-WUS configuration is provided in system information, the UE in RRC_IDLE or RRC_INACTIVE state supporting LP-WUS can go into ultra-deep sleep and monitor LP-WUS using LP-WUS parameters acquired from system information.
[bookmark: _Toc142661019]Proposal 3: Receiving LP-WUS configuration broadcasted in system information is one of the conditions for the UE to enable LP-WUS monitoring in RRC_IDLE/INACTIVE state.
It can be seen that RAN1 has considered further condition options for activation and deactivation of LP-WUS monitoring by the UE, including leaving it to UE implementation. From RAN2 perspective, we would be reluctant to go with the latter option because the criteria and conditions for a UE to switch to a power-relaxed state have always been specified by RAN2 so far and the quantitative assessment of such criteria have always been specified by RAN4. In other words, from RAN2 perspective, we would prefer RAN1’s Alt 2 option. Specifically, one of the key criteria discussed in RAN1 so far for the UE to use LP-SS and LP-WUS is the coverage, considering such signals could have a reduced coverage compared with legacy NR signals.
Hence, we suggest that:
[bookmark: _Toc134619200][bookmark: _Toc134733550][bookmark: _Toc142661020]Proposal 4: UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria, taking into account channel condition, e.g. when coverage is sufficient/insufficient.
2.3	Network awareness of whether the UE is using LP-WUS in IDLE/INACTIVE
In RAN2#122 meeting, it is FFS to what extent the network needs to be aware of which receiver the UE uses, MR/LR or both (for paging reception etc).
	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, a potential drawback of awareness is increased signalling. 


Taking the RAN1 progress into consideration, we see that at least Alt 1-a and Alt 1-b above consider gNB transmits legacy paging indication and LP-WUS. From RAN2 perspective, we only see two options as described in RAN2 agreement:
Option 1: the UE notifies the network when it uses MR/LR or both
In this option, the UE needs to inform the network which receiver it uses in RRC_IDLE/INACTIVE state so that, the network may stop LP-WUS transmission when the UE uses MR. This reduces network energy consumption as well as radio resource consumption. However, it requires the Idle UE to switch to RRC Connected to report when it switches receivers (FFS if such report could be done in RRC Inactive), 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.
Option 2: The UE does not inform the network when it uses MR/LR or both.
Then, the network has to send both SSB and LP-WUS. As analyzed before, this brings higher energy consumption for the network as well as interference. However, this is more aligned with the strategy that 3GPP always adopted that an Idle/Inactive UE is not mandated to switch RRC state for reporting in UAI an Idle/Inactive behavior.
Hence, it is proposed:
[bookmark: _Toc142661021]Proposal 5: No notification is needed to notify the network which receiver (MR/LR) the UE uses.
2.4	RRM
In previous RAN1 meetings[3]-[5], the following agreements were made for RRM for LP-WUS:
	RAN1#111
Agreement
For a UE support LP-WUR in IDLE/INACTIVE mode,
· Study how to reduce UE power consumption due to existing RRM measurement requirements at least for mobility support, 
· study feasibility of RRM measurements performed by LP-WUR, at least for serving/camping cell, based on signals detected by LP-WUR
· FFS: measurement metric
· FFS: whether and how to identify cell/ tracking area 
· FFS: need for neighbouring cells
· FFS: need for relaxation of existing RRM measurement requirements (for UE)

	RAN1#112
Agreement
Study potential measurement metric used for RRM measurements performed by LP-WUR. 
· examples of measurement metric are signal quality, signal power, detection rate of LP-WUS/synch signal
· companies to report assumption of signal used for measurements

	RAN1#113
Agreement
· For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR under certain conditions, if any, and relaxation of serving/neighboring cell RRM measurements in MR considering
· Periodic reference signal(s) is/are used for LR measurements.
· FFS: reference signal(s) to measure, e.g. PSS/SSS/PBCH DMRS, LP-WUS waveform sequence, LP-SS
· FFS: periodicity, content
· MR performs measurements 
· Alt2: with relaxed periodicity if RRM measurement in MR is relaxed.
· FFS: Condition for relaxation if any
· Can apply for both neighboring and serving cell
· Alt3: only when reference signal(s) based measurements by LP-WUR satisfy certain condition(s), e.g. are below threshold.
· FFS threshold.
· Above MR measurement under certain conditions can apply for both neighboring and serving cell
· Potentially with relaxation methods for MR neighboring cell measurement 
· Other alternatives are not precluded
· FFS: Feasibility of RRM measurements of neighbor cells by LP-WUR


Regarding RRM for serving cell, some companies propose to use LP-WUS to offload RRM measurement. One of the benefits is to reduce the power consumption for RRM. If LP-WUS/SS is applied to RRM measurement, RAN2 needs to study, for instance, the entering as well as the leaving condition for using LP-WUR for RRM (if different from those discussed in Section 2.2).
[bookmark: _Toc134619195][bookmark: _Toc134733392][bookmark: _Toc141880818]Observation 2: If LP-WUS/SS is used for RRM, RAN2 should study the entering and leaving condition for using LP-WUR for RRM (if different from that for using LP-WUR for paging).
For neighbor cell measurement using LP-WUS, the key issue is whether the LP-WUS has the same coverage as the legacy reference signal. If the coverage provided by LP-WUS is smaller than the legacy reference signal, the LP-WUS cannot be used for neighbor cell measurement since there will be some areas which are not covered by LP-WUS of the neighbor cells. It was still under discussion in RAN1 on the target coverage as well as evaluation on the coverage performance. It was agreed in RAN1#112bis-e and RAN1#113 meeting for coverage issue that:
	RAN1#112bis
Agreement
· Study techniques/mechanisms to enhance coverage performance of LP-WUS
· Study potential gains available as well as drawback(s) of the technique(s)/mechanisms(s), e.g. system overhead, increased complexity network energy consumption etc…
· Study potential issues and corresponding solutions for the case when LP-WUS coverage is insufficient 
· At least study fallback mechanisms where the Main Radio switches to legacy operation in case the channel condition of LP-WUS is not sufficient, e.g. below threshold.

	RAN1#113
Agreement
· Study the following techniques/mechanisms to enhance coverage performance of LP-WUS
· low complex channel coding 
· FEC
· spreading code in time domain
· time domain repetition 
· with combining before or after ED
· time-domain interleaving
· Note: Also Manchester coding can be considered as channel code     
· non-contiguous transmission in the frequency domain
· frequency domain repetition 
· frequency-hopping
· power-boosting
· transmit diversity
· study whether any above techniques could be transparent to UE.


Therefore, we think it is still too early for RAN2 to discuss neighbor cell measurements based on LP-WUS. Hence, it is proposed that:
[bookmark: _Toc134619201][bookmark: _Toc134733551][bookmark: _Toc142661022]Proposal 6: RAN2 to study RRM for serving cell in RC_IDLE/INACTIVE mode.
[bookmark: _Toc134619202][bookmark: _Toc134733552][bookmark: _Toc142661023]Proposal 7: RAN2 waits for more inputs from RAN1 to study RRM for neighbour cells in RC_IDLE/INACTIVE mode.


Conclusion
In this document, we analyse issues for LP-WUS procedures in RRC_IDLE/INACTIVE state, and we find the observations and proposls as following:
Observations:
Observation 1: If LP-WUS is used to replace Paging, and legacy information in Paging is carried in LP-WUS, the following issues should be considered:
· higher requirements on the reliability and LP-WUS design;
· aggravation of the coverage  issues;
· higher layer procedural impact of merging PEI, paging PDCCH and the paging message on one channel
Observation 2: If LP-WUS/SS is used for RRM, RAN2 should study the entering and leaving condition for using LP-WUR for RRM (if different from that for using LP-WUR for paging).


Proposals:
Proposal 1: RAN2 confirms that from higher layer perspective, LP-WUS replaces the PEI, as a baseline.
Proposal 2: Option where LP-WUS replaces the paging PDCCH and Paging messages is deprioritized.
Proposal 3: Receiving LP-WUS configuration broadcasted in system information is one of the conditions for the UE to enable LP-WUS monitoring in RRC_IDLE/INACTIVE state.
Proposal 4: UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria, taking into account channel condition, e.g. when coverage is sufficient/insufficient.
Proposal 5: No notification is needed to notify the network which receiver (MR/LR) the UE uses.
Proposal 6: RAN2 to study RRM for serving cell in RC_IDLE/INACTIVE mode.
Proposal 7: RAN2 waits for more inputs from RAN1 to study RRM for neighbour cells in RC_IDLE/INACTIVE mode.
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