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Introduction
The low power wake up signal and receiver SI [1] includes the following objective:
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals.  [RAN2, RAN1]
 
In this contribution, based on the objective above, the higher layer procedure impacts related to RRC Connected are further discussed.
Discussion
RAN1 discussion
The followings are some RAN1 agreements relevant to RAN2:

	RAN1#110b-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
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




Based on the above agreements, RAN2 needs to study the following:

Observation#1: Both RRC IDLE/INACTIVE and CONNECTED modes are to be studied as part of the LP-WUS/WUR SI.
Observation#2: Mobility needs to be supported in Idle and Inactive mode and also the corresponding measurements
Observation#3: The time domain structure of the synchronisation signal for RRM measurement is still not clear (e.g. whether it is periodic or aperiodic and whether the UE needs to continuous monitor or periodically monitor are yet to be finalised in RAN1)

With the observations, the following areas are further discussed for the RAN2 impacts in RRC_CONNECTED:
· Interaction with C-DRX and Rel-16/17 power saving
· L1 and L3 measurement
RAN2 impacts in RRC CONNECTED
RAN1 agree to study both idle/inactive mode and connected mode for LP-WUS as in Observation#1. For RRC connected mode, LP-WUS may also reduce UE power consumption, but the gain would be relatively smaller than the case of RRC idle/inactive state, because the main receiver is typically in light or micro sleep to avoid prolonged latency caused by ramp-up time for ultra-deep sleep mode. 
Interaction with UE DRX
For RRC connected mode, target options will need to be clarified first, particularly the interaction between LP-WUS and C-DRX. Currently, two scenarios are identified.
 
Option 1: C-DRX is configured for a UE. LP-WUS will replace Rel-16 DCP where it indicates whether the UE needs to wake up for the next DRX on-duration.  The UE will go into LP-WUS monitoring whenever it is not in active time and the detection of the LP-WUS of the UE will indicate the UE to wake up for the next DRX on-duration. Like in DCP, power consumption can be reduced depending on how many PDCCH monitoring occasions can be saved for not having to wake up for an DRX on-duration period, 

Option 2: C-DRX is configured for a UE. LP-WUS is monitored within on duration to trigger PDCCH monitoring. Within on duration, PDCCH monitoring depends on the detection of LP-WUS, e.g., UE does not perform PDCCH monitoring in USS before UE receives its own LP-WUS.  This is using LP-WUS in replacement of SSSG (Search Space Set Group) switching. Power consumption can be reduced depending on how much longer the main receiver can remain off from the reduction in the PDCCH monitoring occasions in the DRX on-duration period, 

Option 3: C-DRX is not configured for a UE or the LP-WUS basically replaces C-DRX.  The UE will go into LP-WUS monitoring when it is indicated in the PDCCH to do so or with an on-duration timer like in C-DRX.  The UE will wake up to monitor PDCCH when its LP-WUS is detected. Power consumption reduction depends on the traffic arrival rate, but the power consumption is probably similar to Scenario 1, except that the latency can be further reduced as UE does not need to wait until the next DRX on-duration for traffic transmission/reception.

Proposal#1: RAN2 should study the following 3 options for RRC Connected mode needs:

Option 1: C-DRX is configured for a UE. LP-WUS will be replaced Rel-16 DCP where it indicates whether the UE needs to wake up for the next DRX on-duration.  The UE will go into LP-WUS monitoring whenever it is not in active time and the detection of the LP-WUS of the UE will indicate the UE to wake up for the next DRX on-duration. Like in DCP, power consumption can be reduced depending on how many PDCCH monitoring occasions can be saved for not having to wake up for an DRX on-duration period.

Option 2: C-DRX is configured for a UE. LP-WUS is monitored within on duration to trigger PDCCH monitoring. Within on duration, PDCCH monitoring depends on the detection of LP-WUS, e.g., UE does not perform PDCCH monitoring in USS before UE receives its own LP-WUS.  This is using LP-WUS in replacement of SSSG switching. Power consumption can be reduced depending on how many PDCCH monitoring occasions can be saved in the DRX on-duration period.

Option 3: C-DRX is not configured for a UE and continuous LP-WUS monitoring replaces C-DRX.  The UE will go into LP-WUS monitoring when it is indicated in the PDCCH to do so or with an on-duration timer like in C-DRX.  The UE will wake up to monitor PDCCH when its LP-WUS is detected. Power consumption reduction depends on the traffic arrival rate, but the power consumption is probably similar to Scenario 1, except that the latency can be further reduced as UE does not need to wait until the next DRX on-duration for traffic transmission/reception.
L1/L3 measurements and other impacts
Other than clarifying the options, there is also the need to study whether RLM/BFD/CSI measurement and time/frequency tracking can be offloaded to LP-WUS. It is critical to maintain timely monitoring and recovery of link quality to avoid undesirable service interruption in RRC connected mode. Careful study on the feasibility of RLM/BFD/CSI measurement and time/frequency tracking by LP-WUR is needed to well-justify the need of extending LP-WUS to RRC Connected UE.  This work needs progress from RAN1. In additional, L3 measurement for connected mode mobility needs also to be considered when UE stays in LP-WUR monitoring. UE may need to switch to main receiver to perform those L3 measurements or offload to LP-WUR to perform such measurements. Again, RAN1 may first need to evaluate how LP-WUR can help in this aspect, or the UE has to switch to MR for L3 measurement. RAN2 should also wait for the progress in RAN1.

Proposal#2: RAN2 should wait for RAN1 evaluation on how LP-WUR can perform L1/L3 measurement or UE has to switch to MR for such measurement.

Conclusion
It is requested that RAN2 agree to the proposals and observations below:

Proposal#1: RAN2 should study the following 3 options for RRC Connected mode needs:

Option 1: C-DRX is configured for a UE. LP-WUS will be replaced Rel-16 DCP where it indicates whether the UE needs to wake up for the next DRX on-duration.  The UE will go into LP-WUS monitoring whenever it is not in active time and the detection of the LP-WUS of the UE will indicate the UE to wake up for the next DRX on-duration. Like in DCP, power consumption can be reduced depending on how many PDCCH monitoring occasions can be saved for not having to wake up for an DRX on-duration period.

Option 2: C-DRX is configured for a UE. LP-WUS is monitored within on duration to trigger PDCCH monitoring. Within on duration, PDCCH monitoring depends on the detection of LP-WUS, e.g., UE does not perform PDCCH monitoring in USS before UE receives its own LP-WUS.  This is using LP-WUS in replacement of SSSG switching. Power consumption can be reduced depending on how many PDCCH monitoring occasions can be saved in the DRX on-duration period.

Option 3: C-DRX is not configured for a UE and continuous LP-WUS monitoring replaces C-DRX.  The UE will go into LP-WUS monitoring when it is indicated in the PDCCH to do so or with an on-duration timer like in C-DRX.  The UE will wake up to monitor PDCCH when its LP-WUS is detected. Power consumption reduction depends on the traffic arrival rate, but the power consumption is probably similar to Scenario 1, except that the latency can be further reduced as UE does not need to wait until the next DRX on-duration for traffic transmission/reception.

Proposal#2: RAN2 should wait for RAN1 evaluation on how LP-WUR can perform L1/L3 measurement or UE has to switch to MR for such measurement.
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