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1	Introduction
In release 18, proposed study item for low-power Wake-up Signal and Receiver for NR [1], the following RAN2 objectives were identified · 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.


This contribution discusses aspects related to impact to Layer 2 procedures to support low-power wake-up receiver, and in particular the IDLE/INACTIVE mode operations.
2	Discussion
The UE is IDLE/INACTIVE mode performs certain operations such as monitoring for Paging message (both for RAN/CN/Group paging), short message indication, neighbor cell measurement for mobility, receive system information. During these operations, one of the major factor contributing to power consumption is the reception of PDCCH as the UE is required to perform intensive computation to monitor/decode the DCI in the Control Channel. The Duty Cycle based DRX mechanism makes sure that the UE does not have to monitor the PDCCH constantly and only on those occasions which the network is expected to schedule a DCI for the UE. Previous releases have worked on reducing this power consumption further by introducing features such as Paging-Early Indication, Search Space Switching, reducing the time required to wake up from sleep by reusing connected mode reference signals for syncing. 
In release 18, a new approach is being studied which involves a Low Power Wake Up receiver (LP-WUR). The Low Power Wake up Receiver is a separate hardware which consumes relatively very little power compared to Main Radio (MR), and specifically monitors for a wake up signal (WUS) from the network. When the LP-WUR is in use, the MR can be in OFF state or a Deep Sleep state which consumes less power than when active. When the LP-WUR detects the configured Wake up signal, the MR is indicated to move to ON state and perform the required operations. Thus resulting in lesser power consumption at the UE. However, the introduction of LP-WUR will have impact to the legacy layer 2 procedures at the UE side and needs to be studied.   
2.1. Impact on Paging and Short message Reception:
Monitoring and reception of paging message is one of the basic functions of the UE in IDLE/INACTIVE state. In the current system, UE monitors paging message based on the configured DRX cycle during the paging occasions and once the UE receives a paging message addressed to the UE ID, the UE initiates the connection establishment/resumption procedure. In the case of LP-WUR being used, the MR of the UE could be moved to sleep state or turned off completely and only the WUR will be monitoring for a wake up indication from the network. When the WUR receives a wake up indication from the network, there can be few ways the UE can handle the wake up indication from the network,
Option 1: 	Wake up the MR and Initiate a connection establishment/resumption procedure
Option 2a: 	Wakes up the MR and initiates paging monitoring by considering that the UE is in Valid Paging occasion
Option 2b: 	Wakes up the MR and monitor for paging message in the next valid paging occasion. This will be analogous to paging early indication (PEI) where the Rel-17 PEI is indicated via DCI and here it is indicated in via a wake up signal and received by the WUR.
Observation 1: The paging monitoring/reception procedure will be impacted when LP-WUR is introduced
Similar to receiving a Paging message in IDLE/INACTIVE mode, the network indicates to the UE the change in the broadcasted system information or in case of Public warnings such as ETWS/CMAS notification via short message through DCI. When a WUR is used and MR is turned off or not monitoring for short messages, there should be way for Network to provide these indications to the UE. 
Observation 2: The short message reception procedure is impacted when LP-WUR is used
Based on above observations, there is a clear need to study and specify the ways to handle the paging and short message reception procedure when a WUR is introduced.
Proposal 1: RAN2 to study the impact on the paging reception procedure when a WUR is used.
Proposal 2: RAN2 to study the impact on short message reception procedure when WUR is used.
2.2. Impact on cell (re-)selection procedure:
When UE is in Idle/Inactive mode, the mobility is based on cell reselection which is performed based on current cell measurement, neighbor cell measurement and the configured cell reselection criteria. When the WUR is used, the MR will not be able to perform these measurements which affects the cell reselection process.

Observation 3: When MR is in deep sleep state or turned off, the UE cannot perform current cell and neighbor cell measurement, thus impacting cell (re)selection procedure.
Proposal 3: RAN2 to study the impact of using WUR on IDLE/INACTIVE mode mobility.
2.3. Handling of synchronization issues :
When the UE MR moves from sleep state to ON state during transition from DRX Sleep period to Active period, the UE uses the SSBs and Reference signals broadcasted by the network to estimate the channel characteristics and also to obtain DL synchronization. RAN1 WG has made the working assumption [1] that the ramp up time taken for MR to move from OFF state or ultra-deep sleep state to ON state is between 100ms – 400ms which does not include the time required for sync. If the UE were to rely only upon the MR for acquiring sync with the network, it will induce higher latency. Thus, there is a need to study if it is feasible to use the wake up signal for perform sync operation and its impact on Layer 2 specification if any.
Proposal 4: RAN2 to study the impact to Layer 2 specification if WUS were to be used for synchronization.
2.5. Scenarios to activate WUR:
If the UE supports the use of WUR, there is a need to study when the UE can make use of the WUR and moves the MR to Ultra Deep sleep/ OFF state. There can be various cases when the UE starts using the WUR such as when the network sends an indication to use WUR, upon satisfying certain condition such as measured signal level, upon having low mobility condition for certain period of time etc. 
Proposal 5: RAN2 to study the triggers/conditions for moving the MR to the Ultra deep sleep/ OFF state and use WUR for wake up indication.
3	Conclusion
In section 2, the following observations are made: 
Observation 1: The paging monitoring/reception procedure will be impacted when LP-WUR is introduced
Observation 2: The short message reception procedure is impacted when LP-WUR is used
Observation 3: When MR is in deep sleep state or turned off, the UE cannot perform neighbor cell measurement, thus impacting cell reselection procedure.
Based on the above observations, the following proposals are made,
Proposal 1: RAN2 to study the impact on the paging reception procedure when a WUR is used.
Proposal 2: RAN2 to study the impact on short message reception procedure when WUR is used.
Proposal 3: RAN2 to study the impact of using WUR on IDLE/INACTIVE mode mobility.
Proposal 4: RAN2 to study the impact to Layer 2 specification if WUS were to be used for synchronization.
Proposal 5: RAN2 to study the triggers/conditions for moving the MR to the Ultra deep sleep/ OFF state and use WUR for wake up indication.
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