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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 idle/inactive mode 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 the 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 RRC_IDLE and RRC_INACTIVE:
1. Configuration and enabling/disabling of LP-WUS/WUR
2. Paging/MT call and SI update
3. Mobility (Cell selection and reselection)

RAN2 impacts in RRC_IDLE and RRC_INACTIVE
LP-WUS monitoring configuration and activation/deactivation
A cell that supports the LP-WUS monitoring will have to provide any LP-WUS monitoring support/configurations to the UE.  Since the support/configuration is for idle and inactive mode UE, it is typically sent in the SIB if the support/configuration changes from cell to cell. As baseline, this seems to a logical approach.

Proposal#1: LP-WUS capable UE in RRC_IDLE and RRC_INACTIVE receives LP-WUS monitoring support/configuration of a cell via SIB

A LP-WUS capable UE will activate LP-WUS monitoring if the serving cell indicates LP-WUS monitoring support/configuration via SIB. Conversely, the UE will deactivate LP-WUS monitoring when the reselected cell does not broadcast LP-WUS monitoring support/configuration. In addition to this baseline, channel environment for a UE may dynamically change and the UE may not timely report such variation to gNB, e.g., UE may move from cell center to cell edge when the UE is in RRC idle state, the required SINR/sensitivity of LP-WUS may not be met. Therefore, mechanism to determine whether to activate/deactivate LP-WUS monitoring based on UE measurement is needed. The LP-WUS UE will decide on whether to activate LP-WUS monitoring only after it has successfully registered with the network.

Proposal#2: For activation/deactivation of LP-WUS monitoring, the baseline is that a LP-WUS capable UE will activate LP-WUS monitoring if the serving cell indicates LP-WUS monitoring support/configuration via SIB and deactivate it if the reselected serving cell does not broadcast LP-WUS monitoring support/configuration. In addition to this baseline, whether the UE can autonomously activate/deactivate LP-WUS monitoring due to channel condition can be further studied.

When UE is activated for LP-WUS monitoring, RAN1 is still discussing whether the monitoring is based on periodic monitoring or continuous monitoring as in Observation#3. RAN2 can wait for RAN1 to progress on this.
RAN2 impact while in LP-WUS monitoring
In RRC_Idle and RRC_Inactive, the UE needs to perform the following
· MT call and SI update
· [bookmark: _Hlk130461077]Mobility/Cell reselection and corresponding RRM measurement

In the subsequent sections, we look at the above 2 aspects in more details.
MT call and SI Update
For MT call and SI update, paging is used to inform the UE to initiate the paging response via RRC connection establishment for the MT call and read the SIB1 for any SI update.  For MT call and SI update while UE is performing LP-WUS monitoring, the detection of the LP-WUS by the UE is instead used to wakeup the UE either to check/inform whether there is MT call or SI update depending on the information carried on the LP-WUS. Depending on the information carried in the LP-WUS, there are 3 possible options:

· Option 1: LP-WUS carries the indication of a group of UEs of a PO
· Option 2: LP-WUS carries not just the indication of a group of UEs of a PO but also the UE subgrouping of the same information as in the PEI of the PO
· Option 3: LP-WUS can carry some form of the UE ID of the UE for MT call and/or the short message for SI update

For Option 1, LP-WUS carries the indication of a group of UEs of a PO. Since LP-WUS only indicates the group to be paged, UE turns on main receiver to monitor PEI PDCCH to know the paged sub-group of the PO if PEI and UE subgrouping is configured or to monitor the paging PDCCH/PDSCH directly if PEI and UE subgrouping is not configured.

For Option 2, LP-WUS carries not just the indication of a group of UEs of a PO but also the UE subgrouping of the same information as in the PEI of the PO. UE only wakes up if its PO and its corresponding UE subgroup is indicated. Once UE turns on the main receiver, it will decode the paging PDCCH of the PO and the corresponding paging PDSCH to check whether it is paged for MT call and/or for SI update.

For Option 3, LP-WUS can carry some form of the UE ID of a UE for MT call and/or the short message for SI update. Upon detecting the LP-WUS and if it is for MT call, the UE turns on the main receiver and initiates the RRC Connection establishment/resumption. If it is for SI update, the UE turns on the main receiver to read the SIB1 for any SI updates.

Comparing with option 1 & option 2, the option 3 may require much larger payload, which in turn degrades the performance and power consumption for LP-WUS and it is more dependent on whether RAN1 can support this payload.  Option 3 can be deprioritized in RAN2 for now until RAN1 provides confirmation.

Proposal#3: RAN2 should initially focus on the following 2 options for the information carries by LP-WUS and its corresponding UE procedure upon detecting the LP WUS:
Option 1: LP-WUS carries the indication of a group of UEs of a PO. Upon detecting LP-WUS corresponding to its PO, UE turns on main receiver to monitor PEI PDCCH to know the paged sub-group of the PO if PEI and UE subgrouping is configured or to monitor the paging PDCCH/PDSCH directly if PEI and UE subgrouping is not configured.
Option 2: LP-WUS carries not just the indication of a group of UEs of a PO but also the UE subgrouping of the same information as in the PEI of the PO. UE only wakes up if its PO and its corresponding UE subgroup is indicated. Once UE turns on the main receiver, it will decode the paging PDCCH of the PO and the corresponding paging PDSCH to check whether it is paged for MT call and/or for SI update.
Mobility: Cell reselection and corresponding RRM measurement
As per Observation#2, mobility needs to be supported in Idle and Inactive mode and this involves cell reselection and its corresponding RRM measurements.  The following agreements from RAN1 indicates the areas of concerns

Agreement RAN1#111
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)

Agreement RAN1#112
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, we can wait for RAN1 for further progress on the measurement metric (e.g. RSRP-like, RSRQ-like etc.)

Proposal#4: Wait for RAN1 on the measurement metric.

For existing cell reselection, it consists of also (i) measurement rules whether UE needs to perform intra/inter-frequency neighbour cell measurements and (ii) cell reselection criteria based on ranking for intra-frequency neighbour and equal priority inter-frequency neighbour and frequency priority based for inter-frequency neighbour.

For (i), the measurement rules allow the UE to not have to perform intra-frequency neighbour measurement if the serving cell quality is above RSRP and RSRQ thresholds (SIntraSearchP and SIntraSearchQ) and performs intra-frequency measurements dependence on the idle mode DRX and frequency range if below one of the thresholds. For inter-frequency neighbour measurement, if the serving cell quality is above the RSRP and RSRQ thresholds (SnonIntraSearchP and SnonIntraSearchQ), the UE search for every layer of higher priority at least every Thigher_priority_search and performs inter-frequency measurement for frequency priority of all layers dependence on the idle mode DRX and frequency range if below one of the thresholds.  For intra-frequency measurement, relax measurement criteria/conditions are added later in Rel-16 based on not in cell-edge criterion and low mobility criterion to further relax the measurement requirement when the serving cell quality is below the RSRP and RSRQ thresholds. Similarly, for inter-frequency measurement, the searching for layer of higher priority when the serving cell quality is better RSRP and RSRQ thresholds and the searching for layers of all priorities when the serving cell quality is below RSRP or RSRQ threshold is also further relaxed. Figure 1 shows the existing measurement rules without relax measurement criteria:


One option (Option A) is that serving cell measurement is performed by UE monitoring LP-WUS using the LP synchronisation signal (LP-SS). Whenever the UE needs to perform the intra/inter-frequency neighbour cells as per the measurement rules, the UE turns on the main receiver (MR) to measure. For intra-frequency measurement, when the serving cell quality is above RSRP and RSRQ thresholds (SIntraSearchP and SIntraSearchQ), the UE will stay in LP-WUS monitoring for serving cell measurement. When the serving cell quality is below RSRP and RSRQ thresholds (SIntraSearchP and SIntraSearchQ), it will turn on the main receiver to perform intra-frequency neighbour cell measurements. For inter-frequency measurement, when the serving cell quality is better than the RSRP and RSRQ thresholds (SnonIntraSearchP and SnonIntraSearchQ), the UE turns on the main receiver and search for every layer of higher priority at least every Thigher_priority_search. According to some initial evaluation in RAN1, if the period to switch to MR (and then switch back to LP mode after the corresponding detection is done) is more than 20 DRX cycles with DRX value = 1.28s,  obvious power saving gain can be observed, while if the period is small, e.g., 4 DRX cycle, even more power is consumed by such switch than always keeping main receiver on (assuming main receiver is in deep sleep not ultra-deep sleep). Since Thigher_priority_search is (60*number of higher priority layers) seconds, power saving gain using LP-WUS still seems achievable. When the serving cell quality is below the RSRP and RSRQ thresholds (SnonIntraSearchP and SnonIntraSearchQ), the UE turns on the main radio and search and measure for frequency layers of higher, equal or lower priority. Relax measurement can be applied as before if the criteria (low mobility criterion, not-at-cell edge) are configured and the criteria are fulfilled which will provide power saving when the main receiver of UE is turned on. Figure 2 shows the enhanced measurement rules using LP WUR for serving cell measurement without relax measurement criteria configured. The green parts show the possible UE power saving for serving cell measurement and higher priority layer measurement when the Srxlev > SIntraSearchP and Squal > SIntraSearchQ.


Whether further UE power saving can be achieved via switching between LP-WUS and main receiver in between measurements when RRM is performed by MR can be further studied based on RAN1 evaluation, as it depends on whether frequent switching between LP-WUS and main receiver provides any power saving gain.

The advantage of Option A is that it does not require that all neighbour cells support LP-SS/WUS. However, it requires UE to switch between LP-WUS monitoring and main receiver for neighbour cell measurement and will have some implication to waking up/paging the UE in both the LP-WUS monitoring and main receiver by the network. 

Another option (Option B) is that UE performs serving cell measurements and all neighbour cell measurements in LP-WUS.  Even though the same measurement rules framework can be applied, the measurement requirements need to be specified for LP-WUR. This option means that all cells need to support LP-WUS or at least LP-synchronisation signals (LP-SS) and also assume that LP-WUR can measure the LP-SS with the same reliability and accuracy as main receiver and can switch between frequencies for inter-frequency measurement. 

The advantage of Option B is that it does not require switching between LP-WUS monitoring and main receiver for neighbour cell measurement and the network can just wake up/page the UE either in LP-WUS monitoring or main receiver in a cell. However, it requires that all neighbour cells support LP-SS/WUS.

For (ii), regardless of Option A and B, the same cell reselection criteria as in the main receiver can be applied.  For Option B, as measurement is done in LP-SS, it may need separate set of cell reselection parameters’ values (e.g. Qrxlevmin etc.) and will require further RAN4 work on the measurement requirement using LP-SS metrics.

Proposal#5: RAN2 discuss the following options for cell reselection measurement when UE is LP-WUS monitoring:

Option A: Only serving cell measurement is performed by UE monitoring LP-WUS using the LP-Synchronisation Signal (LP-SS). Whenever the UE needs to perform the intra/inter-frequency neighbour cells as per the measurement rules, the UE turns on the main receiver to measure. That is:

For intra-frequency measurement:
· When serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, UE may not perform intra-frequency neighbour cell measurement (i.e. UE stays in LP-WUS monitoring)
· When serving cell fulfils Srxlev ≤ SIntraSearchP or Squal ≤ SIntraSearchQ, UE turn on the main receiver to perform intra-frequency neighbour cell measurement. If relax measurement criteria are configured, further relaxation on the measurement can be applied as before. FFS on whether there is any benefit to switch between LP-WUS and main receiver in between measurement.

For inter-frequency measurement:
· When serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ), the UE turns on the main receiver and search for every layer of higher priority at least every Thigher_priority_search. The UE may switch between LP-WUR and main receiver to save UE power. If relax measurement criteria are configured, further relaxation on the measurement can be applied as before.
· When serving cell fulfils Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ), the UE turns on the main receiver to perform inter-frequency neighbour cell measurement. If relax measurement criteria are configured, further relaxation on the measurement can be applied as before. FFS on whether there is any benefit to switch between LP-WUS and main receiver in between measurement.

Option B: UE performs serving cell measurements and all neighbour cell measurements in LP-WUS. The same measurement rules framework as the main receiver can be applied but with measurement requirements specified for LP-WUS. 
Conclusion
It is requested that RAN2 agree to the proposals and observations below:

Proposal#1: LP-WUS capable UE in RRC_IDLE and RRC_INACTIVE receives LP-WUS monitoring support/configuration of a cell via SIB

Proposal#2: For activation/deactivation of LP-WUS monitoring, the baseline is that a LP-WUS capable UE will activate LP-WUS monitoring if the serving cell indicates LP-WUS monitoring support/configuration via SIB and deactivate it if the reselected serving cell does not broadcast LP-WUS monitoring support/configuration. In addition to this baseline, whether the UE can autonomously activate/deactivate LP-WUS monitoring due to channel condition can be further studied.

Proposal#3: RAN2 should initially focus on the following 2 options for the information carries by LP-WUS and its corresponding UE procedure upon detecting the LP WUS:
Option 1: LP-WUS carries the indication of a group of UEs of a PO. Upon detecting LP-WUS corresponding to its PO, UE turns on main receiver to monitor PEI PDCCH to know the paged sub-group of the PO if PEI and UE subgrouping is configured or to monitor the paging PDCCH/PDSCH directly if PEI and UE subgrouping is not configured.
Option 2: LP-WUS carries not just the indication of a group of UEs of a PO but also the UE subgrouping of the same information as in the PEI of the PO. UE only wakes up if its PO and its corresponding UE subgroup is indicated. Once UE turns on the main receiver, it will decode the paging PDCCH of the PO and the corresponding paging PDSCH to check whether it is paged for MT call and/or for SI update.

Proposal#4: Wait for RAN1 on the measurement metric.

Proposal#5: RAN2 discuss the following options for cell reselection measurement when UE is LP-WUS monitoring:

Option A: Only serving cell measurement is performed by UE monitoring LP-WUS using the LP-Synchronisation Signal (LP-SS). Whenever the UE needs to perform the intra/inter-frequency neighbour cells as per the measurement rules, the UE turns on the main receiver to measure. That is:

For intra-frequency measurement:
· When serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, UE may not perform intra-frequency neighbour cell measurement (i.e. UE stays in LP-WUS monitoring)
· When serving cell fulfils Srxlev ≤ SIntraSearchP or Squal ≤ SIntraSearchQ, UE turn on the main receiver to perform intra-frequency neighbour cell measurement. If relax measurement criteria are configured, further relaxation on the measurement can be applied as before. FFS on whether there is any benefit to switch between LP-WUS and main receiver in between measurement.

For inter-frequency measurement:
· When serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ), the UE turns on the main receiver and search for every layer of higher priority at least every Thigher_priority_search. The UE may switch between LP-WUR and main receiver to save UE power. If relax measurement criteria are configured, further relaxation on the measurement can be applied as before.
· When serving cell fulfils Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ), the UE turns on the main receiver to perform inter-frequency neighbour cell measurement. If relax measurement criteria are configured, further relaxation on the measurement can be applied as before. FFS on whether there is any benefit to switch between LP-WUS and main receiver in between measurement.

Option B: UE performs serving cell measurements and all neighbour cell measurements in LP-WUS. The same measurement rules framework as the main receiver can be applied but with measurement requirements specified for LP-WUS. 
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