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1. Introduction
The study item [1] 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, we discuss RAN2 impacts to support low-power wake-up signals (LP-WUS).
2. [bookmark: OLE_LINK139][bookmark: OLE_LINK140]Discussion
RAN1/RAN4 have made the following conclusions.
	RAN1#110bis-e
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.

RAN1#111
Agreement
· Study generation and link performance of multi-carrier (MC)-ASK (including OOK) waveform
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol, consider up to M bits transmitted per OFDM symbol, where M is FFS. 
· Note that above does not preclude DFT-S-OFDMA 
· Study generation and link performance of multi-carrier (MC)-FSK waveforms
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol symbol, consider up to M bits transmitted per OFDM symbol, where M is FFS.
· Study link performance of OFDMA-based signals/channels considering at least the existing signal/channel structure (e.g. CSI-RS, SSS)
· Other signal/channel structures are not precluded
· For next meeting, companies to provide input on aspects to consider that might impact link performance

Agreement
For the purpose of study, the BW of one LP-WUS is not greater than X (FFS X is 5 or 20) MHz for FR1, study further 
· whether BW of LP-WUS is configurable (implicitly or explicitly)
· size of guard band [FFS: within or outside of BW X], if any 
· whether there is different X for Idle, Connected, Inactive modes
FFS: Whether FR2 is included in the scope of LP-WUS SI

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 synchronisation signal used by LP-WUR, if needed, based on 
· Option 1: aperiodic signal transmitted as part of LP-WUS
· FFS: Whether the signal can additionally be transmitted separately from LP-WUS 
· Option 2: periodic signal transmitted separately from LP-WUS
· Option 3: Option1 + Option2

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 

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

RAN4#106
Agreement: 
· Consider 1.4MHz and 5MHz WUS signal bandwidth for FR1 as the starting point.
· FFS on how many LP-WUS RBs can be allocated in channel bandwidth
· FFS on whether the guard band is included in 1.4MHz and 5MHz


For RRC_IDLE/INACTIVE state, RRM measurement relaxation for neighbor cells was introduced in Rel-16, paging early indication (PEI) and additional TRS were introduced in Rel-17. For RRC_CONNECTED state, PDCCH-based wake-up signaling (DCP), BWP-based MIMO adaptation, fast RRC release request, UE power saving assistance information were introduced in Rel-16, PDCCH monitoring adaptation was introduced in Rel-17. 
[bookmark: _GoBack]In Rel-18, LP-WUS was introduced to further reduce the power consumption and UE complexity, and both RRC_IDLE/INACTIVE and RRC_CONNECTED modes are to be studied as part of the LP-WUS/WUR SI in RAN1, including evaluation methodology, signal design and L1 procedure design. For now, RAN1 focused on LP-WUS design for RRC_IDLE/INACTIVE, and considers to reuse the LP-WUS waveform for RRC_CONNECTED with further study on RRC_CONNECTED specific procedures. From RAN2 perspective, the higher layer procedures for all the RRC states can be studied, but whether LP-WUS can achieve power saving benefits with limited network overhead/impact on legacy Uu interface for all RRC states, is also subjected to L1 signal design, LP-WUS bandwidth, power model, etc, which are still under-discussion in RAN1 and RAN4. In this case, RAN2 can assume the higher layer procedures for all RRC states can be discussed (may focus on RRC_IDLE/INACTIVE more), meanwhile wait for more RAN1 progresses on procedures for RRC_CONNECTED state.
Observation 1: Both RRC_IDLE/INACTIVE and RRC_CONNECTED modes are to be studied as part of the LP-WUS SI in RAN1.
Proposal 1: RAN2 discuss LP-WUS higher layer procedures for RRC_IDLE/INACTIVE state.
Proposal 2: RAN2 can study connected state procedures for LP-WUS, meanwhile wait for RAN1 conclusion on the benefit and potential solution for RRC_CONNECTED state.
RAN1 has discussed LP-WUS receiver architectures, L1 signal design and procedure for LP-WUS, including waveform of LP-WUS, location of the bandwidth, synchronization of LP-WUR, monitoring behavior of LP-WUR, contents of LP-WUS, procedures for NR main radio after detection LP-WUS, activation/deactivation procedure of LP-WUS, RRM measurement, coverage performance, etc. There are several candidate solutions being discussed in RAN1, which impacts the maximum size of the information bits can be carried on LP-WUS and related procedure. But it does not preclude RAN2 to discuss the potential high layer impacts based on current RAN1 candidate solutions. RAN2 can focus on higher layer procedure design, once RAN1/RAN4 make conclusions related to the higher layer procedure, RAN2 can evaluate the solutions on-table and exclude the ones not aligned with RAN1/RAN4 design.
Observation 2: The L1 signal design and procedure for LP-WUS are still under-discussion in RAN1.
Proposal 3: Coordination with RAN1 and RAN4 should be kept in mind in RAN2 for the higher layer procedure design.
For RRC_IDLE/INACTIVE state, paging and mobility are important for UE camping on a cell. Thus, paging information can be carried by LP-WUS. When a LP-WUS carrying paging information related to a specific UE is detected, inside UE the low-power wake-up receiver (LR) can trigger the main receiver (MR) to perform normal NR procedures, e.g. transmits PRACH after obtaining DL synchronization and valid system information. Or considering the information bits to be carried by LP-WUS may be limited, the LP-WUS only carries paging information related to a UE group like Rel-17 PEI, then the UE still receives legacy paging by MR. Regarding mobility, LP-WUS can be used for IoT devices, wearable devices, as well as smartphones. At least wearable devices and smartphones move among different cells, for which mobility needs to be supported. To support mobility, RRM measurement is key technology and the feasibility should be first studied in RAN1/RAN4. The paging and mobility further impact the transition between LR and MR, for example, the LP-WUS detection triggers UE to transit from LR to MR, the UE entering/leaving the coverage of LR triggers UE transit to/from LR. The UE behavior of transition between LR and MR can be discussed. Furthermore, for the new introduced feature, RAN2 will discuss the UE capability reporting and NW configuration for enabling function, this aspect also needs RAN2 discussion.
For high layer protocol stack, it seems LP-WUS will be introduced as a new functionality in PHY layer, the high layer protocol stack can be discussed further after basic functionality design is clear.
Proposal 4: RAN2 consider the following aspects by taking RAN1/RAN4 progress into account:
· start to discuss procedures including paging, mobility, transition between LR and MR, and UE capability report and NW configuration from high layer perspective;
· wait for more RAN1 progresses on RRM measurements;
· discuss protocol stack after basic functionality design is clear.
3. Conclusion
In this paper, we discuss RAN2 impacts to support low-power wake-up signals (LP-WUS) and have the following observation and proposals.
Observation 1: Both RRC_IDLE/INACTIVE and RRC_CONNECTED modes are to be studied as part of the LP-WUS SI.
Observation 2: The L1 signal design and procedure for LP-WUS are still under-discussion in RAN1.
Proposal 1: RAN2 discuss LP-WUS higher layer procedures for RRC_IDLE/INACTIVE state.
Proposal 2: RAN2 can study connected state procedures for LP-WUS, meanwhile wait for RAN1 conclusion on the benefit and potential solution for RRC_CONNECTED state.
Proposal 3: Coordination with RAN1 and RAN4 should be kept in mind in RAN2 for the higher layer procedure design.
Proposal 4: RAN2 consider the following aspects by taking RAN1/RAN4 progress into account:
· start to discuss procedures including paging, mobility, transition between LR and MR, and UE capability report and NW configuration from high layer perspective;
· wait for more RAN1 progresses on RRM measurements;
· discuss protocol stack after basic functionality design is clear.
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