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[bookmark: OLE_LINK3]In RAN#102 meeting, a new WID on Low-power wake-up signal and receiver for NR (LP-WUS/WUR) was approved. In RAN#103 meeting, the WID was further refined in [1] with the following RAN2 related objectives:
	[bookmark: _Hlk153295984]The objectives of the work item are the following:
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
· 


In RAN2#125bis meeting, the following agreements have been made for procedure and configuration of LP-WUS for IDLE and INACTIVE mode [2]:
	· The LP-WUS related configuration for IDLE/INACTIVE state is provided via system information. FFS if dedicated configuration is needed.
· Working assumption: the LP-WUS configuration in SIB at least includes the following information:
-	LP-SS configuration
-	LP-WUS configuration
-	FFS on Entry/exit condition for LP-WUS monitoring 
· The PEI subgrouping method is taken as baseline for LP-WUS subgrouping, i.e. CN assigned and UE_ID based subgrouping. FFS the maximum number of subgroups.


[bookmark: OLE_LINK22]In this contribution, we will further discuss the RAN2 related issues on procedure and configuration of LP-WUS for IDLE/INACTIVE modes and give our proposals.
2. Discussion
2.1 Provision of LP-WUS related configuration
During the SI stage, it has been discussed that the utilization of LP-WUS may be subject to the coverage performance of LP-WUS. But, in the description for WID objectives, it has been captured that “the target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3”. Based on the RAN1 agreement in RAN1#116bis, the LP-SS design and LP-WUS design have been discussed, but has not concluded yet. Considering that LP-SS configuration and LP-WUS configuration highly depend on RAN1 agreement for LP-SS and LP-WUS design, RAN2 can postpone the discussion for LP-WUS related configuration until there is agreement for the LP-SS and LP-WUS design in RAN1.
Proposal 1: RAN2 can postpone the discussion on LP-WUS related configuration until there is agreement for the LP-SS and LP-WUS design in RAN1.
2.2 Activation/deactivation of applying LP-WUS configuration
Since it has been agreed in RAN2#125bis that LP-WUS related configuration for IDLE/INACTIVE state is provided via system information, the provision of LP-WUS configuration via SIB can be seen as an implicit activation to apply LP-WUS configuration for all the UEs supporting this function. Meanwhile, if the LP-WUS configuration is no longer broadcast via SIB, it can be assumed that application of LP-WUS configuration (and also the LP-WUS monitoring) is deactivated. 
However, it’s also possible that the UE would not apply LP-WUS configuration immediately on reception of LP-WUS configuration and the application of LP-WUS configuration will be activated later, e.g., per-UE via a dedicated signaling, e.g., RRC connection release message. During SI stage, such process has been discussed but no decision has been made.
The main motivation to activate/deactivate LP-WUS for a specific UE or part of UEs via dedicated signaling is that it may be not suitable to always activate the LP-WUS monitoring for all the UEs as soon as the LP-WUS configuration is broadcast. For example, LP-WUS can be applied to diverse UE types, e.g., IIoT UE, (e)Redcap UE, NR UE with XR traffic and so on, the device type or traffic type of UE may be another consideration for activating or deactivating LP-WUS for a UE. For example, the UEs with delay-sensitive services may not be suitable to monitor LP-WUS considering the possible large wake up latency caused by LP-WUS, which may have unexpected impacts on the delay-sensitive service. The exact latency that may be increased by LP-WUS is still under evaluation in RAN1, e.g., to take into account the LP-WUS processing time, MR transition time for ramp up, Time/frequency synchronization of MR etc. Per our understanding, if the additional latency caused by LP-WUS is far larger than the duration that random access procedure may use, e.g. if the increased latency is several seconds or more, the LP-WUS in IDLE/INACTIVE modes should be activated/deactivated by UE dedicated signaling, e.g., to activate LP-WUS only for the UE without delay-sensitive services or to deactivate LP-WUS when the UE starts to perform delay-sensitive services.
In a summary, from RAN2 perspective, we can see the need to activate/deactivate the application of LP-WUS configuration via dedicated signaling. But this can be later decided after the RAN1 has clear conclusion on the potential latency caused by LP-WUS monitoring.
Observation 1: LP-WUS monitoring may result in additional latency compared to legacy paging procedure and hence, it is useful to support per UE activation of LP-WUS monitoring in addition to the per cell configuration.
Proposal 2: In addition to the SIB signaling for LP-WUS configuration, dedicated activation/deactivation of LP-WUS per UE should also be supported. 
2.3 Entry and exit conditions of using LP-WUS
In SI stage, RAN2 has studied the entry and exit condition of using LP-WUS, and concluded the entry and exit condition(s) could be at least based on the serving cell measurement using LR and/or MR. And in the description for WID objectives, it has been captured that “the target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3”. 
In RAN1#116bis [3], the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode has been discussed, and there is a work assumption that “the serving cell measurement performed by the MR is above entry threshold(s), if configured by the gNB, FFS on other conditions”, but there is no final conclusion yet. Considering that the entry/exit condition for LP-WUS monitoring highly depends on RAN1 agreement for LP-SS and LP-WUS design, RAN2 can postpone the discussion for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode until there is agreement for the LP-SS and LP-WUS design in RAN1.
Proposal 3: RAN2 can postpone the discussion for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode until there is agreement for the LP-SS and LP-WUS design in RAN1.
2.4 LP-WUS monitoring procedure and LP-WUS subgrouping
In RAN1#116 meeting[4], the following agreements have been achieved on the wake up procedure:
	Agreement
For the case where a UE supports PEI and PEI is configured by the gNB, after the UE receives LP-WUS indicating wake-up, it is up to UE implementation whether to monitor PEI or not.
Agreement
It is supported that the UE monitors the legacy PO after receiving LP-WUS indicating wake-up.
· FFS: support of UE monitoring dynamic PO

Conclusion
For idle/inactive mode, how to map a UE to a subgroup ID for LP-WUS is left to RAN2 to decide.


According to the RAN1 agreement, both “LP-WUS+ Paging” and “LP-WUS+PEI+paging” alternatives can be supported. Moreover, it can be seen that even though the PEI is configured, the UE may or may not monitor PEI. The result is that gNB cannot know whether a UE monitors PEI or not even if the UE supports PEI and PEI is configured. Therefore, the gNB can send LP-WUS, PEI and paging when both LP-WUS and PEI have been activated.
Observation 2: Per the RAN1 agreements, gNB can send LP-WUS, PEI and paging when UE supports both LP-WUS and PEI, and both LP-WUS and PEI have been activated.
When LP-WUS+PEI+Paging is used, the mapping between LP-WUS subgroup and PEI subgroup has the following possibilities.
· When one LP-WUS subgroup is mapped to one PEI subgroup (as shown in figure 1a), the PEI monitoring cannot reduce the false PO monitoring compared to the case without PEI monitoring (as shown in figure 1b) but the PEI monitoring will increase the UE power consumption. Therefore, the PEI monitoring should be avoided when one LP-WUS subgroup is mapped to one PEI subgroup. 
[image: 图片1-1 with PEI]                              [image: 图片1-1, no PEI]
Figure 1a. 1:1 with PEI monitoring                          Figure 1b. 1:1 without PEI monitoring
· When more than one LP-WUS subgroups are mapped to one PEI subgroup (as shown in figure 2a), the PEI monitoring cannot reduce the false PO monitoring compared to the case without PEI monitoring (as shown in figure 2b) eiter and the PEI monitoring will increase the UE power consumption.  
[image: 图片N-1 with PEI]                    [image: 图片N-1, no PEI]                                               
Figure 2a. N:1 with PEI monitoring                          Figure 2b. N:1 without PEI monitoring
· When one LP-WUS subgroup is mapped to more than one PEI subgroups (as shown in figure 3a), the PEI monitoring can reduce the false PO monitoring compared to the case without PEI monitoring (as shown in figure 3b) and can reduce the UE power consumption. 
[image: 图片1-N with PEI]                        [image: 图片1-N without PEI]
Figure 3a. 1:N with PEI monitoring                          Figure 3b. 1:N without PEI monitoring

Observation 3: If the LP-WUS is activated, PEI monitoring is beneficial only when one LP-WUS subgroup is mapped to more than one PEI subgroups.
Proposal 4a: It should be allowed to configure that one LP-WUS subgroup is mapped to more than one PEI subgroups.
Considering that the PEI subgrouping method is taken as baseline for LP-WUS subgrouping, i.e. CN assigned and UE_ID based subgrouping, a number of subgroups for CN assigned subgrouping and a number of subgroups for UE_ID based subgrouping should be configured. But how many subgroups can be configured depends on RAN1 conclusion for LP-WUS design.
Proposal 4b: The number of subgroups for CN assigned subgrouping and the number of subgroups for UE_ID based subgrouping should be configured to UE. FFS what the maximal value is. 
2.5 Time gap between LP-WUS and PO
In the RAN1#116 meeting[4], the following has been agreed regarding the time gap between LP-WUS reception and MR to start PDCCH monitoring for RRC CONNECTED mode:
	Agreement
For RRC CONNECTED mode, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is introduced considering at least following
· LP-WUS processing time
· MR transition time for ramp up
· Time/frequency synchronization of MR
· FFS whether UE can report supported minimum time gap from candidate values
FFS: Whether the minimum time gap values can be more than one.


Although there is no similar agreement for LP-WUS in IDLE/INACTIVE modes, the similar agreement is necessary to define the time gap between LP-WUS reception and MR to start PDCCH monitoring in IDLE/INACTIVE modes. 
If LP-WUS+PEI+Paging is used, UE should monitor LP-WUS first, and if LP-WUS is detected, it then monitors PEI, the time gap between end of LP-WUS monitoring and MR monitoring should be relative to the PDCCH for first PEI. If UE skips the PEI monitor by its implementation, UE needs to take into account the above time gap when it determines the PO for monitoring paging.
If LP-WUS+Paging is used, UE should monitor LP-WUS first and if LP-WUS is detected, it then monitors paging or DCI, the LP-WUS timing offset should be relative to the PDCCH for first paging or DCI. 
Proposal 5a: For LP-WUS monitoring in IDLE/INACTIVE modes, it is necessary to define the time gap between LP-WUS reception and the start for MR to monitor PDCCH. The following options can be discussed:
· When UE supports PEI and PEI is activated, LP-WUS timing offset is relative to the PDCCH for PEI;
· If UE does not support PEI or PEI is not activated, LP-WUS timing offset is relative to the PDCCH for PO. 

Proposal 5b: The value of minimum time gap between LP-WUS reception and the start for MR to monitor PDCCH is up to RAN1 to discuss and decide. 

2.6 Whether to indicate ETWS/CMAS notification and SI modification in LP-WUS
When UE is using LP-WUS, UE could wake up by LP-WUS firstly and then receive the notification of SI change based on the systemInfoModification and systemInfoModification-eDRX in the Short Messages transmitted on PDCCH using P-RNTI as legacy[5]. Similar to the notification of SI change, when UE is using LP-WUS, UE could wake up by LP-WUS and receive the ETWS/CMAS notification based on etwsAndCmasIndication in the Short Messages. Thus, there is no clear motivation to introduce additional change on LP-WUS design to provide SI change and ETWS/CMAS notification within LP-WUS signal for such rare case.
Moreover, to support ETWS/CMAS notification in LP-WUS would occupy the bits in LP-WUS payload and further reduce the potential number of LP-WUS subgroups. 
Proposal 6: There is no need to introduce SI change and ETWS/CMAS notification indication in the LP-WUS. 
2.7 UE capability
With reference to the discussion in previous sections, if no activation/deactivation indication is supported in dedicated signaling, as soon as that the LP-WUS configuration is broadcast via SIB, UEs that support LP-WUS in IDLE/INACTIVE modes would immediately apply the LP-WUS configuration and start to monitor the LP-WUS signal.
For this case, the paging gNB needs to be aware of whether a UE supports LP-WUS and then can know whether LP-WUS needs to be sent to the UE when CN has paging for UE. In other word, only when the LP-WUS configuration has been broadcast in the paging gNB and only for the UEs supporting LP-WUS monitor, the gNB needs to send LP-WUS to the relevant UEs. Therefore, the UE capability on supporting LP-WUS in IDLE/INACTIVE modes should be reported to the NW, e.g., within UE radio capability and further transmitted to the paging gNB via Paging message or RAN Paging. 
If LP-WUS in IDLE/INACTIVE modes can be activated/deactivated by UE dedicated signaling, the gNB firstly needs to be aware of the UE capability of supporting LP-WUS in IDLE/INACTIVE modes and then can be able to activate/deactivate the LP-WUS for the UE by dedicated signaling. Meanwhile, for the paging gNB, to only know the UE capability would be not useful as UE may not have activated the use of LP-WUS, it needs to know whether the LP-WUS is activated for this UE. Therefore, whether the LP-WUS monitoring has been activated for this UE (this ca also implicitly indicate the UE capability of supporting LP-WUS) needs to be transmitted to the paging gNB by Paging or RAN Paging.
Proposal 7a: Regardless whether LP-WUS in IDLE/INACTIVE modes is activated/deactivated by UE dedicated signaling, UE capability on supporting LP-WUS in IDLE/INACTIVE modes needs to be reported to serving gNB, e.g., via UECapabilityInformation message.
Proposal 7b: If LP-WUS in IDLE/INACTIVE modes cannot be activated/deactivated by UE dedicated signaling, it’s needed to provide UE capability on supporting LP-WUS to the paging gNB e.g., via NGAP PAGING and RAN PAGING message.
Proposal 7c: If LP-WUS in IDLE/INACTIVE modes can be activated/deactivated by UE dedicated signaling, it’s needed to provide LP-WUS activation indication to the paging gNB, e.g., via NGAP PAGING and RAN PAGING message.
3. Conclusion
[bookmark: _Toc18403976][bookmark: _Toc18413612][bookmark: _Toc18404543]Observation 1: LP-WUS monitoring may result in additional latency compared to legacy paging procedure and hence, it is useful to support per UE activation of LP-WUS monitoring in addition to the per cell configuration.
Observation 2: Per the RAN1 agreements, gNB can send LP-WUS, PEI and paging when UE supports both LP-WUS and PEI, and both LP-WUS and PEI have been activated.
Proposal 1: RAN2 can postpone the discussion on LP-WUS related configuration until there is agreement for the LP-SS and LP-WUS design in RAN1.
Proposal 2: In addition to the SIB signaling for LP-WUS configuration, dedicated activation/deactivation of LP-WUS per UE should also be supported.
Proposal 3: RAN2 can postpone the discussion for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode until there is agreement for the LP-SS and LP-WUS design in RAN1.
Proposal 4a: It should be allowed to configure that one LP-WUS subgroup is mapped to more than one PEI subgroups.
Proposal 4b: The number of subgroups for CN assigned subgrouping and the number of subgroups for UE_ID based subgrouping should be configured to UE. FFS what the maximal value is. 
Proposal 5a: For LP-WUS monitoring in IDLE/INACTIVE modes, it is necessary to define the time gap between LP-WUS reception and the start for MR to monitor PDCCH. The following options can be discussed:
· When UE supports PEI and PEI is activated, LP-WUS timing offset is relative to the PDCCH for PEI;
· If UE does not support PEI or PEI is not activated, LP-WUS timing offset is relative to the PDCCH for PO. 
Proposal 5b: The value of minimum time gap between LP-WUS reception and the start for MR to monitor PDCCH is up to RAN1 to discuss and decide. 
Proposal 6: There is no need to introduce SI change and ETWS/CMAS notification indication in the LP-WUS. 
Proposal 7a: Regardless whether LP-WUS in IDLE/INACTIVE modes is activated/deactivated by UE dedicated signaling, UE capability on supporting LP-WUS in IDLE/INACTIVE modes needs to be reported to serving gNB, e.g., via UECapabilityInformation message.
Proposal 7b: If LP-WUS in IDLE/INACTIVE modes cannot be activated/deactivated by UE dedicated signaling, it’s needed to provide UE capability on supporting LP-WUS to the paging gNB e.g., via NGAP PAGING and RAN PAGING message.
Proposal 7c: If LP-WUS in IDLE/INACTIVE modes can be activated/deactivated by UE dedicated signaling, it’s needed to provide LP-WUS activation indication to the paging gNB, e.g., via NGAP PAGING and RAN PAGING message.
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5. Annex
[bookmark: _GoBack]RAN1#116bis meeting agreements 
	Agreement
Regarding the LP-WUS information for idle/inactive UEs, at least consider the following:
· Option 1: A bitmap with each bit corresponding to [one or more] subgroups
· Option 2: A codepoint value corresponding to one or more subgroup(s)
· Option 3: Multiple codepoint values with each corresponding to one or more subgroup(s)
· Combination of above options are not precluded
· FFS how to carry LP-WUS information, e.g., by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.
· FFS how to carry LP-WUS information by overlaid OFDM sequences.
· It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used
· Other options are not precluded
Agreement
Regarding the LP-WUS information to trigger PDCCH monitoring of RRC connected UEs, at least consider the following：
· Option 1: A bitmap with each bit corresponding to [one or more] UEs
· Option 2: A codepoint value corresponding to one or part of UE identity, e.g., C-RNTI
· Option 3: A codepoint value corresponding to [one or more] UEs
· Option 4: Multiple codepoint values with each corresponding to [one or more] UE(s)
· Option 5: Multiple bit blocks with each corresponding to [one or more] UE(s)
· Combination of above options are not precluded.
· FFS how to carry LP-WUS information, e.g, by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.
· FFS how to carry LP-WUS information by overlaid OFDM sequences. 
· It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used
· FFS details of LP-WUS information to trigger PDCCH monitoring (e.g. whether above is applicable to one or more serving cells)


Agreement
Each LO consists of N * K LP-WUS MOs, where N is the number of beams corresponding to LP-WUS, and K is the number of LP-WUS MOs for each beam.
· Option 1: K = 1 
· Option 2: K can be larger than or equal to 1
· FFS if more than 1 LP-WUS is transmitted from the same beam, whether the information in these multiple LP-WUS is always the same or can be different

Agreement
From RAN1 perspective, at least the following metrics can be supported for RRM serving cell measurement performed by OOK-based receiver based on LP-SS:
· LP-RSRP
· LP-RSRP is the linear average of received power of LP-SS in OOK ON symbols.
· FFS: How to determine the received power of LP-SS in OOK ON symbols
· LP-RSRQ
· LP-RSRQ = LP-RSRP/LP-RSSI
· For the definition of LP-RSSI for determination of LP-RSRQ, further consider the following options:
· Option 1: LP-RSSI is the linear average of total received power in all LP-SS OOK symbols.
· Option 2: LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbols.
· Option 3: LP-RSSI is the linear average of total received power in LP-SS OOK ON symbols.
Working Assumption
From RAN1 perspective, for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode,
· The UE may start LP-WUS monitoring if
· the serving cell measurement performed by the MR is above entry threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· If UE starts LP-WUS monitoring, it may stop the legacy PO monitoring before UE receives LP-WUS indicating wake-up
· The UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if
· the serving cell measurement performed by the LR is below exit threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· FFS the serving cell measurement metrics
· The entry/exit thresholds can be configured separately for different types of LR
· It is left to RAN2 discussion whether the threshold(s) are always configured by the gNB. 
· Note: This may be revisited based on the RAN2/RAN4 discussion.
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