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1. Introduction
Low-power wake-up signals (LP-WUS) is 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 [1].
	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#112bis-e
Agreement
· For CONNECTED 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
· indication to wake-up to PDCCH monitoring.
· Other information candidates are not precluded
· Study pros and cons of including above information to LP-WUS. 
· Note: the information may be explicitly or implicitly indicated.
Agreement
· For RRC connected mode, the following is assumed for LP-WUS study in RAN1
· RLM/BFD/CSI are performed by UE Main Radio (MR) 
· RRM measurements are performed by UE Main Radio (MR)
· Ultra-deep sleep state is not allowed for MR.
· Study additional support of RRM measurement by LP-WUR for RRC connected mode
· Study RRC connected mode LP-WUS functionality/purpose/procedures
· Study RRC connected mode LP-WUS activation/deactivation procedures.
· Study RRC connected mode LP-WUS BW, whether same as IDLE/Inactive mode or different 
· [bookmark: _Hlk140137849]In RRC connected, study the relationship between LP-WUS and legacy UE power saving techniques.

RAN1#113
Agreement
· In RRC CONNECTED mode, study benefit of LP-WUS over existing Rel-15, R16, and R17 power saving techniques for following functionalities: 
· LP-WUS with similar functionality as R16 DCP. 
· LP-WUS activates/resumes PDCCH monitoring when LP-WUS is received.
· interaction with legacy power saving techniques, if any 
· other functionalities are not precluded
· for evaluation 
· companies to report 
· assumption on MR sleep state when LP-WUR is monitoring LP-WUS
· deep sleep,
· light sleep, 
· micro sleep
· how to activate/deactivate LP-WUS monitoring and deactivate/activate PDCCH monitoring
· LP-WUS waveform
· In RRC CONNECTED mode, LP-WUS monitoring can be activated/deactivated by at least one or more of
· by gNB RRC signaling, with or without UE assistance.
· by gNB L1/L2 LP-WUS activation/deactivation signaling, with or without UE assistance.
· based on pre-configured condition(s), such as timer. 
· LP-WUS monitoring by UE is known to gNB, study whether it could be transparent to gNB.
· other options are not precluded.


RRC_CONNECTED modes are also to be studied as part of the LP-WUS SI in RAN1. In this paper, we discuss RAN2 impacts to support LP-WUS in RRC_CONNECTED state.
2. [bookmark: OLE_LINK139][bookmark: OLE_LINK140]Discussion
2.1. Basic functionality for LP-WUS
Based on the RAN1 conclusions, LP-WUS is introduced with similar functionality as R16 DCP, i.e. to reduce unnecessary PDCCH monitoring in RRC_CONNECTED state. When UE monitors LP-WUS by low-power wake-up receiver (LR), UE’s main receiver (MR) enters sleep mode and does not monitor PDCCH, the sleep mode can be micro/light/deep sleep. Once the UE detects LP-WUS that targets itself, the UE wakes up MR and starts PDCCH monitoring by MR. If the UE determines to stop the PDCCH monitoring by MR, UE can let MR go to sleep mode and use LR to monitor LP-WUS to further reduce the power consumption.
Proposal 1: The LP-WUS received by LR is used to trigger MR wake-up and start of PDCCH monitoring by MR.
[image: ]
Fig.1. UE switches between LR and MR
As showed in Fig.1, the UE monitors LP-WUS by LR sometimes without PDCCH monitoring by MR, and monitors PDCCH by MR sometimes. For RRC_CONNECTED state, it should be known by the gNB whether the UE is monitoring signal by LR or MR, for example, the gNB will send LP-WUS to trigger MR wake-up if the UE is currently monitoring signal by LR, and can directly send message by MR if the UE currently is monitoring signal by MR, so that the UE won’t miss the message by MR due to working in LR and unnecessary LP-WUS can be avoided if the UE is currently working in MR.
Proposal 2: It should be known by the gNB whether the UE currently is monitoring LP-WUS by LR or monitoring PDCCH by MR.
Thus, how to trigger the UE switches from LR to MR or from MR to LR should be defined. The following two modellings can be considered.
· LP-WUS impacts C-DRX timers, i.e. C-DRX active-time, to control UE monitoring behaviour
[bookmark: _Hlk134198966]Similar as R16 DCP, the LP-WUS works combined with C-DRX. In existing operation, UE behaviour during C-DRX active-time is clearly defined, i.e. monitors PDCCH, this definition can be reused with less specification impacts. For example, during the C-DRX non-active-time, the UE is not required to monitor PDCCH and monitors LP-WUS by LR. If the DL data arrives, the network sends LP-WUS to the UE, triggering the UE’s MR to enter the C-DRX active-time, the UE will follow the existing UE behaviour in C-DRX active-time to monitor PDCCH. To enter the C-DRX active-time, LP-WUS can trigger the start of drx-onDurationTimer, or directly drx-InactivityTimer considering more frequent transmission for LP-WUS and benefit on reduced latency for data reception. When the C-DRX active-time ends, e.g. the C-DRX related timers expires or are stopped by (Long) DRX Command MAC CE, the UE switches to LR and MR enters sleep mode. Regarding above mechanism for LP-WUS, it needs to be further studied whether it replaces the DCP or can be combined with DCP.
· LP-WUS impacts PDCCH monitoring behaviour with/without C-DRX
When UE monitors LP-WUS by LR, UE does not monitor PDCCH by MR. If the UE detects LP-WUS that targets itself, the UE wakes up MR and monitors PDCCH as existing UE behaviour until the UE is informed explicitly to stop the PDCCH monitoring, or monitors PDCCH for a period of time instead of relying on existing C-DRX timers. The impacts of combination with other UE power saving feature, e.g. C-DRX, DCP, PDCCH skipping, SSSG switching, needs to be further studied. For example, if C-DRX is configured, the LP-WUS monitoring is not impacted by C-DRX active-time, once the UE wakes up MR, it monitors PDCCH monitoring according to the C-DRX, the running status of C-DRX timers are not impacted by LP-WUS monitoring.
Proposal 3: Two ways below can be considered to control UE behavior on monitoring LP-WUS by LR and monitoring PDCCH by MR:
· LP-WUS impacts C-DRX timers, i.e. C-DRX active-time, to control UE monitoring behaviour
· LP-WUS impacts PDCCH monitoring behaviour with/without C-DRX (If C-DRX is configured, no impacts on C-DRX timers)
Proposal 4: To study the relationship between LP-WUS and legacy UE power saving techniques, e.g. C-DRX, DCP, PDCCH skipping, SSSG switching.
In addition to above condition, i.e. UE is triggered by gNB via LP-WUS to switch from LR to MR, UE’s UL transmission will also trigger UE to switch from LR to MR. If the UL data arrives, the UE sends UL data/SR/RACH by MR, and at the same time starts the PDCCH monitoring by MR.
Proposal 5: UE’s UL transmission also triggers MR wake-up from LR and start of PDCCH monitoring by MR.
2.2. Configuration and (de)activation for LP-WUS
One important issue in RRC_CONNECTED state is that when the UE can use LP-WUS function, only when the UE is using the LP-WUS function, the UE will switch between LP and MR due to transmission/reception requirement; otherwise, the UE always uses MR as legacy operating. Generally, the configuration for UE in RRC_CONNECTED state is UE specific based on UE and NW capability. The similar way can be used for LP-WUS, per UE configuration for LP-WUS should be supported.
Proposal 6: Per UE configuration for LP-WUS is supported for RRC_CONNECTED state.
However, considering the scenario that the coverage of LP-WUS may be smaller than the coverage of MR, not only the NW configuration but also the UE location of the cell (reflected by the signal quality for LP-WUS) impacts whether the UE can use LP-WUS function or not. The LP-WUS is enable/activated only when the signal quality for LP-WUS is good enough, and should be under NW control. The following two procedures can be considered for enabling/activating LP-WUS for the UE.
· LP-WUS is enable/activated based on NW indication
gNB determines whether to enable/activate LP-WUS for the UE based on the signal quality for LP-WUS and send indication to the UE, for example, the indication can be reconfiguration message, once the LP-WUS is configured, this function is enabled; or the indication can be (de)activation signalling, the LP-WUS can be configured in advance, whether the LP-WUS function can be truly used depends on the (de)activation signalling. Before the NW indication, the NW should acquire the information for LP-WUS signal quality from the UE, for example, the NW provides measurement configuration including measurement on LR and UE provides the measurement report including measurement results for LR (reusing measurement framework); or the NW provides criteria (e.g. threshold) for good quality of LP-WUS signal to UE, UE evaluates the criteria and once it fulfils, the UE reports it to the NW (reusing UAI framework, like RRM relaxation procedure).
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Fig.2. LP-WUS is enable/activated based on NW indication
· LP-WUS is enable/activated by UE based on criteria configured by NW
[bookmark: _GoBack]UE itself determines whether to enable/activate LP-WUS for the UE based on the criteria configured by NW. The NW provides LP-WUS configuration and the criteria (e.g. threshold) for good quality of LP-WUS signal to UE, UE evaluates the criteria and once it fulfils, the UE determines to use the LP-WUS and informs it to the NW, then the UE autonomously starts to use the LP-WUSs and this is aligned between the UE and NW (reusing UAI framework, like RLM/BFD relaxation procedure).
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Fig.3. LP-WUS is enable/activated by UE based on criteria configured by NW
Proposal 7: Two ways below can be considered for enabling/activating the LP-WUS for the UE:
· LP-WUS is enable/activated based on NW indication
· LP-WUS is enable/activated by UE based on criteria configured by NW
3. Conclusion
In this paper, we discuss RAN2 impacts to support LP-WUS in RRC_CONNECTED state and have the following observation and proposals.
Basic functionality for LP-WUS
Proposal 1: The LP-WUS received by LR is used to trigger MR wake-up and start of PDCCH monitoring by MR.
Proposal 2: It should be known by the gNB whether the UE currently is monitoring LP-WUS by LR or monitoring PDCCH by MR.
Proposal 3: Two ways below can be considered to control UE behavior on monitoring LP-WUS by LR and monitoring PDCCH by MR:
· LP-WUS impacts C-DRX timers, i.e. C-DRX active-time, to control UE monitoring behaviour
· LP-WUS impacts PDCCH monitoring behaviour with/without C-DRX (If C-DRX is configured, no impacts on C-DRX timers)
Proposal 4: To study the relationship between LP-WUS and legacy UE power saving techniques, e.g. C-DRX, DCP, PDCCH skipping, SSSG switching.
Proposal 5: UE’s UL transmission also triggers MR wake-up from LR and start of PDCCH monitoring by MR.
Configuration and (de)activation for LP-WUS
Proposal 6: Per UE configuration for LP-WUS is supported for RRC_CONNECTED state.
Proposal 7: Two ways below can be considered for enabling/activating the LP-WUS for the UE:
· LP-WUS is enable/activated based on NW indication
· LP-WUS is enable/activated by UE based on criteria configured by NW
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