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In 3GPP RAN#102 meeting, a working item for NR LP-WUS and LP-WUR was endorsed [1]. The objective of work item related to the LP-WUS procedure in idle/inactive UE is given below.

	[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 LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4) 
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· 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)


In this contribution, we provide our views on the content and payload of LP-WUS, LP-WUS configuration and monitoring, UE behavior after receiving LP-WUS, entry/exit of LP-WUS monitoring, and RRM measurement in idle/inactive state.  
Content of the LP-WUS and payload size for idle/inactive state
In Rel-18, the content of LP-WUS was studied, including the information on which the LP-WUS target UEs in idle/inactive state, cell information, SI change, and ETWS/CMAS information. However, the specific content of LP-WUS was not specified.
LP-WUS subgroups for idle/inactive UE
In the RAN1#116bis meeting, there was a proposal that discussed whether to support separate or independent subgrouping for LP-WUS and PEI. Although it is up to RAN2 to decide whether a similar or separate subgrouping for LP-WUS is needed, However, RAN1 can discuss and agree on a common understanding with RAN2 on this matter. Since in idle or inactive UE, LP-WUS is used to trigger the MR of UE for paging, a similar subgrouping that is based on the UE ID or CN-based subgrouping can be re-used for LP-WUS subgrouping. In other words, the LP-WUS can be transmitted to the subgroups of UEs based on the existing paging subgroups.

Observation 1: Defining a separate subgrouping for LP-WUS may complicate the higher layer procedure for subgrouping and increase the false paging. 

Proposal 1: Consider the existing paging subgroups for LP-WUS subgroups. 

Maximum LP-WUS subgroups in idle/inactive states
Regarding the maximum number of subgroups supported by a LP-WUS the following proposal was discussed in RAN1#116bis meeting. However, no agreement was achieved in this regard. 
	Proposal 3-1r1: 
For idle/inactive mode,
· The maximum number of subgroups supported by a LP-WUS is X, where X is no less than 8.
· FFS the exact value of X.
· This does not preclude the possibility of indicating a single or a limited number of subgroups via subgroup ID in the LP-WUS.



In our view, the maximum number of subgroups that are considered for LP-WUS can be defined similarly to the paging subgroup. Since in the current specification, the maximum number of subgroups that are used for paging in a PO is 8, Therefore, a similar value of 8 can be considered as the maximum number of subgroups supported by a LP-WUS. In other word, an LP-WUS can target up to 8 subgroups in a PO to wake up and monitor its upcoming PO. This may simplify the procedure of LP-WUS, reduce false paging in the network.
Proposal 2: Support 8 as the maximum number of subgroups supported by a LP-WUS in a PO.  

Content of the LP-WUS 
Regarding the content of LP-WUS for idle/inactive states, the following proposals were discussed in the RAN1#116 and RAN1#116bis meetings: However, no consensus was reached regarding these proposals.

	Proposal 5-2: 
For idle/inactive mode, consider the following options for carrying the subgroup-based wake-up indication in LP-WUS:
· Option 1: a bitmap is included in the LP-WUS, with each bit of the bitmap corresponding to one subgroup
· Option 2: subgroup ID is included in the LP-WUS explicitly as part of the payload
· FFS one or multiple subgroup IDs in a LP-WUS
Proposed conclusion 5-4: 
For idle/inactive mode, deprioritize the discussion on carrying additional information (other than subgroup-based wake-up indication and cell information) in LP-WUS.



In option 1, the proposal suggests including a bitmap in the LP-WUS, with each bit corresponding to one subgroup, may reduce the LP-WUS overhead. However, Option 1 does not specify the information that should be used to target specific UEs or subgroups of UEs. As a result, further configuration or procedure is required to determine which information should be included in the LP-WUS to specify which UEs are being targeted in option 1.
For option 2, the LP-WUS may include information on which UEs are targeted, such as the UEs group/subgroup ID. However, including the existing UEs subgroup ID in the LP-WUS content would result in significant overhead and increased complexity in decoding the LP-WUS at the UE's LP-WUR, which goes against the main objective of the LP-WUS. To address this issue, a temporary subgroup ID can be defined, which is based on codepoints that are mapped to the paging subgroups. For example, if there are 8 paging subgroups, different codepoints of N = 3 bits with a combination of  codepoints can be used to assign a unique temporary subgroup ID (unique codepoint) to each LP-WUS subgroup. The mapping of the temporary LP-WUS subgroup ID to the associated paging subgroup is illustrated in Table 1. This temporary LP-WUS subgroup ID (or codepoint) can be carried in the content of the LP-WUS through which a subgroup of LP-WUS is targeted.

Table 1 Codepoints based information through which UEs subgroup are targeted 
	Paging Subgroup ID index
	LP-WUS subgroup index
	 Codepoint corresponding to LP-WUS  subgroup(s)

	Paging subgroup ID #0  
	LP-WUS subgroup 0  
	000

	Paging subgroup ID #1
	LP-WUS subgroup 1
	001

	Paging subgroup ID #2  
	LP-WUS subgroup 2  
	010

	Paging subgroup ID #3
	LP-WUS subgroup 3  
	011

	Paging subgroup ID #4  
	LP-WUS subgroup 4  
	100

	Paging subgroup ID #5
	LP-WUS subgroup 5  
	101

	Paging subgroup ID #6  
	LP-WUS subgroup 6  
	110

	Paging subgroup ID #7
	LP-WUS subgroup 7  
	111



Observation 2:  Option 1, which includes a bitmap in the LP-WUS with each bit corresponding to one subgroup, does not specify the information that should be used to target specific UEs or subgroups of UEs.
Observation 3: Using the existing UE ID, UEs subgroup ID in the content of LP-WUS may result in significant overhead and increased complexity in decoding the LP-WUS. 
Proposal 3: The content of LP-WUS for idle/inactive states may include codepoints (where each codepoint is assigned to an LP-WUS subgroup) through which the LP-WUS subgroups are targeted. 
LP-WUS Payload size
Regarding the payload size of the LP-WUS, it was discussed in the previous RAN1 meeting; however, no agreement was achieved in this regard. The actual payload size depends on several parameters, such as the number of subgroups that can be targeted by the LP-WUS and the number of LOs mapping to the PO. For instance, if a LP-WUS is used to target 8 subgroups in a PO in an idle/inactive state and a codepoint of 3 bits are used to target each subgroup, the total number of bits can be at least 24 bits in each LP-WUS.

Proposal 4: Consider at least 24 bits for the payload size of LP-WUS. 
LP-WUS configuration and monitoring 
Regarding the configuration and monitoring of LP-WUS for UEs in the idle/inactive state, several proposals were discussed during the RAN1#116bis meeting as given below. 
LP-WUS occasion
Regarding the LP-WUS occasion, the following agreement was achieved during RAN1#116bis meeting. 
	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



In our view, the objective of LP-WUS occasion is to improve the detection of LP-WUS in time domain and enhance its coverage. For that purpose the LP-WUS occasion shall have one or more LP-WUS MO, where the LP-WUR performs detection attempts to decode the LP-WUS as shown in figure 1. The total number of MO for LP-WUS can be configured in higher layers such as SIB1. During the LO the LP-SS is not configured to avoid any time domain conflicts between LP-SS and LP-WUS.
 


Figure 1 LP-WUS Occasion with K monitoring occasion
Proposal 5: For LO consists of N * K LP-WUS MOs, support option 2: K can be larger than or equal to 1. 
Location of the LP-WUS occasion in time domain 
For the LP-WUS detection in the time domain, the location of the LP-WUS occasion must be known. This can be achieved by using a predefined reference point known to the UE, along with an offset value in terms of slots/symbols, to determine the exact timing of the first monitoring occasion of the LP-WUS occasion. There are several options for finding the location of the LP-WUS occasion in time domain.
For instance, for idle/inactive UEs, the incoming/target PO or SSB can be used as a reference point, and an SSB level or symbols/slots level of frame level offset can be applied to locate the LP-WUS occasion, as shown in Figure 2. For connected UEs, the SSB can be used as a reference point, or if periodic LP-SS is transmitted to the LP-WUR, the LP-SS can be considered as a reference point, and a symbols/slots level offset can be used from SSB or LP-SS to identify the LP-WUS occasion location, as shown in Figure 3. 


Figure 2 LP-WUS occasion location w.r.t target PO or SSB for idle/inactive UEs


Figure 3 LP-WUS occasion location w.r.t SSB or LP-SS for idle/inactive or connected UEs

Observation 4: LP-WUS occasion has one or more LP-WUS monitoring occasions (MOs), where the LP-WUR performs detection attempts to decode the LP-WUS 
Observation 5: LP-WUS occasion can be defined as a set of consecutive monitoring occasions, and during this time, LP-SS is not configured to avoid conflicts.
Proposal 6: To locate LP-WUS occasion in the time domain, a reference point and an offset from the reference point can be used: 
· For idle/inactive UEs, the incoming PO or SSB can be used as a reference point
· For connected UEs, SSB or periodic LP-SS can be used as reference point.

Periodicity of the LP-WUS occasion
Regarding the periodicity of LP-WUS occasion, the following proposal was discussed during the RAN1#116 meeting and RAN1#116bis meeting. However, no agreement was achieved in this regard,  
	Proposal 2-3: [RAN1#116 meeting]
For the periodicity of LO for a UE in iDRX mode,
· Option 1: it is the same as the iDRX cycle
· Option 2: it can be smaller than the iDRX cycle
Proposal 1-1: [RAN1#116bis meeting]
For the periodicity of LO for a UE in iDRX mode, it is at least supported that it is the same as the UE’s iDRX cycle.



For option 1, where the periodicity of LO for a UE in iDRX mode is the same as the iDRX cycle, ensures the availability of LP-WUS occasions at the beginning of the iDRX cycle. In addition, the UE's LP-WUR does not need to monitor frequent LO, resulting in reduced power consumption for the LP-WUR. However, this option may decrease the trigger events for waking up the MR. On the other hand, Option 2 allows for a smaller periodicity of LO, potentially increasing power consumption. However, it may increase the availability of trigger events for the LP-WUR to wake up the MR.
Proposal 7: For the periodicity of LO in iDRX cycle, Support option 1, which states that the periodicity of the LO for a UE in iDRX cycle is the same as the iDRX cycle.
Mapping of LO and PO
During RAN1#116 and RAN1#116bis meetings, the following proposals were discussed regarding the mapping between LO and PO. However, there was no agreement in this regard. 
	Proposal 2-4r1: [RAN1#116]
In case the periodicity of LO is the same as the iDRX cycle, for the association of LO and PO from cell perspective, consider the following options:
· Option 1: One-to-one mapping between LO and PO
· Option 2: One LO can be associated with multiple POs
· Option 3: Multiple LOs can be associated with one PO
· Note: each UE monitors one LO
· Combinations of the above are not excluded
· Note: this does not imply how LO is defined or configured
Proposal 1-1: [RAN1#116bis]
For the periodicity of LO for a UE in iDRX mode, it is at least supported that it is the same as the UE’s iDRX cycle.




Option 1, which suggests a one-to-one mapping between LO and PO is a straightforward and simple association. Each LO is associated with one PO, ensuring a clear correspondence between the two. 
Option 2 suggests that one LO can be associated with multiple POs. This option allows for more flexibility in LO allocation, potentially improving the LO utilization. However, it may also introduce additional complexity in managing and coordinating multiple POs associated with a single LO. 
Option 3 proposes that multiple LOs can be associated with one PO. This option may reduce the false paging probability, However it may increase the LO signaling overhead. 
Proposal 8: For LO association with PO support all options. 
· Option 1: One-to-one mapping between LO and PO
· Option 2: One LO can be associated with multiple POs
· Option 3: Multiple LOs can be associated with one PO

Activation/De-activation (exit/entry) of LP-WUS monitoring
Regarding the LP-WUS monitoring activation/de-activation (exit/entry condition) in idle/inactive UE the following working assumption was agreed in RAN1#116bis meeting. 
	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.


Entry/Exit Condition of LP-WUS 
In RAN1#116bis meeting one potential candidate which is agreed for entry/exit condition of LP-WUS monitoring can be the serving cell measurement entry threshold. For instance, if the serving cell measurement is above a threshold the UE may enter LP-WUS monitoring, and if the serving cell measurement is below a threshold, the UE may exit the LP-WUS monitoring.
In our view, a time window such as paging cycles is also a potential solution for a UE to enter/exit LP-WUS monitoring. In other words, if a UE in idle/inactive state is not paged for a specific period of time, or a UE in idle/inactive state does not transmit UL data for a specific time period, the UE can enter into the LP-WUS monitoring. For instance, if a UE is not receiving paging for at least two, or four paging cycles, the UE can enter into the LP-WUS monitoring. This entry of LP-WUS monitoring can be performed without any intervention of the network. However, for this purpose, predefined rules or timer can define to let the UE enter into the LP-WUS monitoring, if the UE is not receiving paging for a specific time window or a number of paging cycle. 
Proposal 9: For the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode, a predefined time window (or X number of paging cycles) can be used as an entry condition into the LP-WUS monitoring. 

UE behavior after receiving LP-WUS  
When a UE is triggered by the network and wake up from deep sleep, it performs PEI monitoring before a PO that is transmitted to inform the UE about the incoming paging.  Since PEI is detected by the MR of UE, therefore LP-WUS may need to be transmitted before PEI to trigger the MR to wake up and be ready to receive the PEI. In this case, the MR of UE is triggered two times; once by LP-WUS and once by PEI, resulting in high power consumption compared to the Rel-17 PEI based paging as shown in Figure 4. Based on this observation, there may not be a significant power saving for UE by using LP-WUS and LP-WUR in idle/inactive state.  Therefore, LP-WUS may be used as an alternative option to replace PEI. In other words, LP-WUS can be used as a paging indication in idle/inactive states and can replace PEI.
Regarding the procedure related to PRACH after the MR wake up from ultra-deep sleep, it may be consider in mobility scenarios. For instance, when a UE is in ultra-deep sleep and it move from one location to another location, it may lose connection and synchronization with the serving cell. In such cases when the MR wakes up from ultra-deep sleep, the MR may need to initiate the PRACH by performing a random access procedure to establish or re-establish its connection re-establish and synchronization with a cell. 


Figure 4 LP-WUS in idle/inactive state 
Observation 6: In idle/inactive state configuring LP-WUS monitoring together with PEI monitoring may trigger the MR of UE by two times, one time by LP-WUS to wake up and one time by PEI to indicate paging, which may increase the UE power consumption.  
Observation 7: In idle/inactive state the MR trigger of a UE via the LP-WUS can be consider as an indication for a UE to monitor the upcoming PO, which can replace the Rel-17 PEI. 
Proposal 10: Consider the LP-WUS as an alternative option for paging early indication. 
Proposal 11: After the MR of UE trigger by LP-WUS, the UE can Perform PO monitoring, and afterwards follow the legacy procedures. 

RRM measurement of LP-WUR
Regarding the metrics of RRM, the following agreement was agreed in RAN1#116bis meeting. 
	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.
· FFS: LP-SINR, Power ratio of OOK-ON symbol and OOK-OFF symbol
Note: RAN1 will send an LS to RAN2 and RAN4 on the measurement metrics that can be supported from RAN1 perspective, to facilitate RAN2/RAN4 discussions. The exact metrics for OOK-based receiver to be used and defined in the specifications depend on the outcome of [RAN1]/RAN2/RAN4 discussions.



In our view, LP-RSSI can be affected by the interference from the other NR signals, or the interference of the LP-WUS of neighbor cells, and the other noise. In order to provide general calculation of the LP-RSSI at the UE Option 1 may give more accurate details of the LP-RSSI, therefore we support option 1. 
Proposal 12: For the definition of LP-RSSI, support option 1: LP-RSSI is the linear average of total received power in all LP-SS OOK symbols.

Conclusion
In this contribution, we discussed the content and payload of LP-WUS, LP-WUS configuration and monitoring, UE behavior after receiving LP-WUS, activation and de-activation of LP-WUS monitoring, and RRM measurement in idle/inactive state. We made the following observations and proposals.
Observation 1: Defining a separate subgrouping for LP-WUS may complicate the higher layer procedure for subgrouping and increase the false paging. 
Observation 2:  Option 1, which includes a bitmap in the LP-WUS with each bit corresponding to one subgroup, does not specify the information that should be used to target specific UEs or subgroups of UEs.
Observation 3: Using the existing UE ID, UEs subgroup ID in the content of LP-WUS may result in significant overhead and increased complexity in decoding the LP-WUS. 
Observation 4: LP-WUS occasion has one or more LP-WUS monitoring occasions (MOs), where the LP-WUR performs detection attempts to decode the LP-WUS 
Observation 5: LP-WUS occasion can be defined as a set of consecutive monitoring occasions, and during this time, LP-SS is not configured to avoid conflicts.
Observation 6: In idle/inactive state configuring LP-WUS monitoring together with PEI monitoring may trigger the MR of UE by two times, one time by LP-WUS to wake up and one time by PEI to indicate paging, which may increase the UE power consumption.  
Observation 7: In idle/inactive state the MR trigger of a UE via the LP-WUS can be consider as an indication for a UE to monitor the upcoming PO, which can replace the Rel-17 PEI. 


Proposal 1: Consider the existing paging subgroups for LP-WUS subgroups. 
Proposal 2: Support 8 as the maximum number of subgroups supported by a LP-WUS in a PO.  
Proposal 3: The content of LP-WUS for idle/inactive states may include codepoints (where each codepoint is assigned to an LP-WUS subgroup) through which the LP-WUS subgroups are targeted
Proposal 4: Consider at least 24 bits for the payload size of LP-WUS. 
Proposal 5: For LO consists of N * K LP-WUS MOs, support option 2: K can be larger than or equal to 1. 
Proposal 6: To locate LP-WUS occasion in the time domain, a reference point and an offset from the reference point can be used: 
· For idle/inactive UEs, the incoming PO or SSB can be used as a reference point
· For connected UEs, SSB or periodic LP-SS can be used as reference point.

Proposal 7: For the periodicity of LO in iDRX cycle, Support option 1, which states that the periodicity of the LO for a UE in iDRX cycle is the same as the iDRX cycle.
Proposal 8: For LO association with PO support all options. 
· Option 1: One-to-one mapping between LO and PO
· Option 2: One LO can be associated with multiple POs
· Option 3: Multiple LOs can be associated with one PO
Proposal 9: For the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode, a predefined time window (or X number of paging cycles) can be used as an entry condition into the LP-WUS monitoring. 
Proposal 10: Consider the LP-WUS as an alternative option for paging early indication. 
Proposal 11: After the MR of UE trigger by LP-WUS, the UE can Perform PO monitoring, and afterwards follow the legacy procedures. 
Proposal 12: For the definition of LP-RSSI, support option 1: LP-RSSI is the linear average of total received power in all LP-SS OOK symbols.
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1     3GPP TSG RAN WG1 Meeting #117                                                                             R1 - 2404136   Fukuoka City, Fukuoka, Japan ,  May 20  –   May 24, 2024     Agenda Item:   9. 6.2   Source:   TCL      Title:   LP - WUS operation in IDLE/INACTVE states    Document for:   Discussion and D ecision       1   Introduction   In  3GPP   RAN#102 meeting ,  a working item for NR LP - W US and LP - WUR was endorsed [1].  The  objective of work item related to the LP - WUS procedure in i dle/inactive UE is given below.    

T he 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,  R AN1,   RAN3, RAN4)   •   Specify LP - SS with periodicity with Yms for LP - WUR, for synchronization and/or  RRM for serving cell. (RAN1, RAN4)    •   LP - SS is based on OOK - 1 and/or OOK - 4 waveform with or without overlaid  OFDM sequences. Further down selection between with a nd without overlaid  OFDM sequences is to be done within WI.   •   Note: For LP - WUR that can receive existing PSS/SSS, existing PSS/SSS can  be used for synchronization and RRM instead of LP - SS.   •   Y will be decided within WI. 320ms is the start point.   •   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)  

In this contribution, we provide our views on the   content   and payload   of   LP - WUS ,  LP - WUS configuration  and monitoring, UE beh avior after receiving LP - WUS,  entry/exit  of LP - WUS monitoring, and  RRM  measurement   in idle/inactive state.      2   Content of  the  LP - WUS   and payload size   for idle/inactive state   In   Rel - 18, the content of LP - WUS  was studied, including  the  inform ation  on which  t he LP - WUS target  UEs in idle/ inactive state, cell information, SI   change, and ETWS/CMAS   information. However, the  specific content of LP - WUS was not specified.   2.1.1   LP - WUS subgroups for idle/inactive UE   In the RAN1#116bis meeting, there was a proposal that discussed whether to support separate or  independent subgrouping   fo r LP - WUS and PEI. A lthough it is up to RAN2 to decide whether a similar or  separate subgrouping for LP - WUS is needed,   However , RAN1 can discuss and agree on a common  understanding with RAN2 on this matter. Since in idle or inactive UE, LP - WUS is used to trigger the MR  of UE for paging, a similar subgrouping that is based on the UE ID or CN - based subgrouping can be  re - used for LP - WUS subgrouping. In other words, the LP - WUS can be transmitted to the subgroups of UEs  based on the existing paging  subgroups.    

