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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#96 meeting, a new SID was agreed on low-power Wake-up Signal (WUS) and Receiver (WUR) for NR [1]. The objectives are listed below:
	· 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. 


Based on the SID and the recent RAN1 progress, we will discuss the potential impacts of LP-WUS on L2/L3 procedures.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Discussion
2.1	General Principles
In short, the various LP-WUS designs and proposals discussed in RAN1 can be summarized as follows:
· LP-WUS aims at waking-up a UE from ultra-deep sleep, where main radio (MR) is assumed to be turned off, with mechanism of triggering main radio ON via a separate low-power (LP) receiver. LP-WUS triggers MR wakeup.
· LP-WUS aims at waking-up a CONNECTED mode UE from deep sleep, where MR does not turn off completely.  
· Considering the power consumption of LP-WUR is quite low, LP-WUS brings significant gain on power consumption.
· LP-WUS is NOT a go-to-sleep indication.
· LP WUS can address one UE or a (sub)group of UEs (similar to Paging Early Indicator (PEI)).
· Different LP WUS designs yield different potential payloads and power consumptions. Ranging from only a UE identification up to also including further fields as in a paging message, e.g. with an OFDM waveform.
· LP-WUS may have smaller coverage compared with SSB, PEI and DCP.
· LP-WUR is DTX detection capable, thus allowing detecting when LP-WUS is out of coverage
2.2 Applicable states
In RAN1#110bis [3], it was agreed that:
	Agreement
Both RRC IDLE/INACTIVE and CONNECTED modes are to be studied as part of the LP-WUS/WUR SI. 
· FFS: Further prioritization if needed during the study item.


So, RAN2 can work on the procedures as well as specification impacts brought by LP-WUS in both RRC IDLE/INACTIVE and CONNECTED modes.
[bookmark: _Toc131756779]Proposal 1: RAN2 study the procedures as well as specification impacts brought by LP-WUS in both RRC IDLE/INACTIVE and CONNECTED modes.
2.3 Duty cycle / continuous monitoring
In RAN1#112 meeting [2], it was agreed that:
	Agreement
Study further pros and cons of the following monitoring behaviors of LP-WUR
· Option1: Duty cycle, corresponds to LP-WUR switches between ON/OFF states 
· Option2: Continuous monitoring, corresponds to LP-WUR is ON all the time 


Based on this agreement and discussion in RAN1, the LP-WUS can be monitored based on duty cycle or continuously from the UE’s perspective. From the network point of view, network can transmit  LP-WUS in a configured transmission occasions.
2.2.1 Monitoring LP-WUS with duty cycle
In this option, from the UE’s perspective, the UE monitors the LP-WUS with duty cycle, e.g. per paging cycle for Idle/Inactive UEs (see Section 2.4) or C-DRX cycle for Connected UEs (see Section 2.5) which is illustrated in Figure 1.


Figure 1: Monitoring LP-WUS with duty cycle
2.2.2 Monitoring LP-WUS continuously
In this scheme, the UE keeps LP-WUR active. The UE may monitor the LP-WUS with smaller granularity of periodicity and not necessarily aligning with PO periodicity for Idle/Inactive UEs or C-DRX periodicity for Connected UEs. UE would be configured with LP-WUS monitoring with short cycle (e.g., one radio frame or one slot) before the NR main radio turning off.


Figure 2: Monitoring LP-WUS continuously
So far, both options are more physical layer design choices but are expected to carry the same information and have the same functionality for RRC_IDLE/RRC_ACTIVE and RRC_CONNECTED mode respectively. Therefore, we propose to not differentiate both cases from higher layer perspective, unless later identified in RAN1.
[bookmark: _Toc131756780]Proposal 2: From higher layer procedure perspective, RAN2 does not differentiate whether LP-WUS is monitored based on a duty cycle or continuously, unless later identified in RAN1.
[bookmark: _Ref131489833]2.4 LP-WUS in RRC Idle/Inactive
In RRC Idle/Inactive, the UE monitors LP-WUS per paging cycle. As mentioned in Section 2.1, different LP-WUS design options would allow such channel/signal to carry different amounts of payload. 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)
2.4.1 LP-WUS replacing the PEI
In Rel-17, power saving for Idle/Inactive state UEs was studied and PEI which reduces UE power consumption due to reduced false paging alarms was adopted. The group of UEs monitoring the same PO can be divided into multiple subgroups. With subgrouping, a UE shall monitor PDCCH in its PO for paging if the subgroup to which the UE belongs is paged as indicated via associated PEI [4]. 
In this option, LP-WUS is used in place of the PEI to indicate whether UE should decode the Paging PDCCH/message on PDSCH in the subsequent PO. When the UE is waked up by LP-WUS, the UE will turn on MR and start receiving the Paging afterwards. And the sub-group information can be carried in LP-WUS. The procedure is shown in Figure 3.


Figure 3: Using LP-WUS instead of PEI
Assuming LP-WUS replaces the PEI functionality, the impact on the Idle/Inactive procedures will be quite small.
[bookmark: _Toc131756775]Observation 1: Assuming LP-WUS replaces the PEI functionality, the impact on the Idle/Inactive procedures will be quite small.
2.4.2 LP-WUS replacing the paging PDCCH and Paging messages
When LP-WUS replaces Paging, The MR is powered off and 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 waking up the UE, it will turn on MR and exchange info with the network. In this option, the information carried in LP-WUS can be the Paging information, e.g. UE identity, and may result in triggering RRC setup/resume procedure i.e. triggering RACH. 


Figure 4: Using LP-WUS instead of Paging PDCCH and Paging messages
[bookmark: _Toc131756776]Observation 2: From RAN2 perspective, it should be analysed the procedure impact from “merging” the multiple legacy signals (PEI, paging PDCCH, paging msg on PDSCH) into one signal.
[bookmark: _Toc131707393][bookmark: _Toc131756781]Proposal 3: RAN2 to study LP-WUS procedure in RRC_IDLE/INACTIVE mode including the following options:
· LP-WUS replaces the PEI;
· LP-WUS replaces the paging PDCCH and Paging messages.
2.5 LP-WUS in RRC Connected
In Rel-16, DCP was specified so that a UE configured with C-DRX may be indicated by DCP whether it is required to monitor or not the PDCCH during the next occurrence of the on-duration according to the configuration. If the UE does not detect a DCP, it does not monitor the PDCCH during the next occurrence of the on-duration, unless it is explicitly configured to do so in that case [5].
If LP-WUS is used in RRC_CONNECTED mode together with DRX, it can be used to replace DCP. That is, the UE can monitor LP-WUS before the occurrence of the on-duration. If the UE does not detect LP-WUS, the UE will not monitor the PDCCH for the next occurrence of the on-duration. The procedure is illustrated in Figure 5.


[bookmark: _Ref131438133]Figure 5: LP-WUS replacing DCP
Similar to the PEI case in Idle/Inactive, assuming LP-WUS exactly replaces the DCP functionality, the impact on the connected procedures will be quite small. 

[bookmark: _Toc131756778]Observation 3: Assuming LP-WUS exactly replaces the DCP functionality, the impact on the connected procedures will be quite small.
[bookmark: _Toc131756782]Proposal 4: RAN2 to study LP-WUS procedure in RRC_CONNECTED where LP-WUS replaces DCP.
2.6 RRM
In previous RAN1 meetings [2], [6], 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


Hence, it is still unclear for the following issues for LP-WUS on RRM in RRC_IDLE/RRC_INACTIVE and CONNECTED mode including:
· whether to use LP-WUS to identify cell/tracking area;
· whether to use LP-WUS for serving/neighbor cell measurement;
· whether to use LP-WUS for relaxation of existing RRM measurement requirements for UE;
· whether an accuracy and latency of RRM measurement may be an issue for LP-WUS;
· whether the coverage of LP-WUS is one issue or enhancements are needed addressing this issue.
And RAN1 also discussed whether to send LS to RAN4 for further study. Hence, it is better to wait for more inputs from RAN1 to do the study work for RAN2 for RRM in RRC_IDLE/ INACTIVE/ CONNECTED mode.
[bookmark: _Toc131694597][bookmark: _Toc131756783]Proposal 5: RAN2 wait for more inputs from RAN1 to study RRM of LP-WUS in RRC_IDLE/ INACTIVE/ RRC_CONNECTED mode.
Conclusion
In this document, we analyse issues for LP-WUS procedures in RRC_IDLE/INACTIVE and RRC_CONNECTED state, and we find the observations and proposls as following:
Observations:
Observation 1: Assuming LP-WUS replaces the PEI functionality, the impact on the Idle/Inactive procedures will be quite small.
Observation 2: From RAN2 perspective, it should be analysed the procedure impact from “merging” the multiple legacy signals (PEI, paging PDCCH, paging msg on PDSCH) into one signal.
Observation 3: Assuming LP-WUS exactly replaces the DCP functionality, the impact on the connected procedures will be quite small.
Proposals:
Proposal 1: RAN2 study the procedures as well as specification impacts brought by LP-WUS in both RRC IDLE/INACTIVE and CONNECTED modes.
Proposal 2: From higher layer procedure perspective, RAN2 does not differentiate whether LP-WUS is monitored based on a duty cycle or continuously, unless later identified in RAN1.
Proposal 3: RAN2 to study LP-WUS procedure in RRC_IDLE/INACTIVE mode including the following options:
· LP-WUS replaces the PEI;
· LP-WUS replaces the paging PDCCH and Paging messages.
Proposal 4: RAN2 to study LP-WUS procedure in RRC_CONNECTED where LP-WUS replaces DCP.
Proposal 5: RAN2 wait for more inputs from RAN1 to study RRM of LP-WUS in RRC_IDLE/ INACTIVE/ RRC_CONNECTED mode.
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