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Introduction
[bookmark: _Hlk101956567]In RAN#116bis [6], the following agreements on LP-WUS operation in IDLE/INACTIVE modes were agreed.
	[bookmark: _Hlk153295984]Agreement
For multi-beam operation of LP-WUS, UE assumes the same LP-WUS information payload is repeated in all transmitted beams corresponding to LP-WUS 
· the selection of the beam(s) for the reception of the LP-WUS is up to UE implementation 

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.
· 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.

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.

Conclusion
LP-SINR is not considered further as a metric for RRM serving cell measurement for OOK-based receiver.


In this contribution, we discuss LP-WUS operation in IDLE/INACTIVE modes.  
Discussions
Support of LP-WUS monitoring occasions
In RAN1#116bis [6], N (# of beams) * K (# of MOs per beam) LP-WUS MOs within each LP-WUS occasion were defined. For the design of LP-WUS monitoring occasion, the following use cases should be considered on the top of the agreed principles. 
· Support of multi-beam operation for LP-WUS
· Support of multi-beam operations is one of main design principles of NR from the beginning. The simplest way to support the multi-beam operations is to transmit identical signals with different beams in different LP-WUS monitoring occasions within one LP-WUS occasion. As agreed, N LP-WUS MOs can be used to transmit the identical signals with different beams. 
· Support of information groups within a same beam
· Information delivered by LP-WUS has different priorities. For example, delivery of wake-up indication is key information to wake up a UE and the UE make monitor paging occasions. On the other hand, sub-group information may be less important as UE can acquire the information from PEI by UE implementation [5]. In addition, it should be noted that LP-WUS requires huge signaling overhead for delivering all the information with comparable coverage for PUSCH for Msg 3 (e.g., 10 repetitions with Manchester coding [7]). One possible solution for efficiently utilizing LP-WUS overheads would be delivering different information in each LP-WUS monitoring occasion potentially with different reliability. In this case, if the UE does not properly detect the information related to sub-group information (e.g., due to lack of coverage), the UE can decode PEI by UE implementation instead to acquire the sub-group information. As depicted in the above, utilization of K LP-WUS MOs within a same beam was agreed including further down selection on support of K=1 or K>1. Given the benefits by supporting different reliability within a same beam, K>1 should be supported.
Proposal 1: Support different LP-WUS monitoring occasions within one LP-WUS occasion considering the following cases. 
· Case 1. Support transmission of a same information group with multiple beams. 
· Case 2. Support transmission of different information groups with same beam.
Proposal 2: For LP-WUS MOs, support Option 2 (K can be larger than or equal to 1).
Proposal 3: For Case 1, support transmission of identical signals with different beams in N LP-WUS monitoring occasions within one LP-WUS occasion.
Proposal 4: For Case 2, support delivering different information in K LP-WUS monitoring occasion with an identical beam within one LP-WUS occasion.
Entry/exit condition of LP-WUS in IDLE/INACTIVE modes
In RAN1#116bis [6], a working assumption on entry/exit conditions was made to allow utilization of MR serving cell measurement for the entry conditions and LR serving cell measurement for exit conditions. As channel measurement-based entry/exit conditions avoids potential low coverage scenarios of LP-WUR, the working assumption should be confirmed. 
Proposal 5: The working assumption on entry/exit conditions for LP-WUS monitoring is confirmed. 
During the discussion, whether the other conditions should be used or not were additionally discussed and captured as FFS. The other conditions should be discussed separately for entry conditions and exit conditions. For example, benefits by specifying additional conditions for the entry is not clear. As start of LP-WUS monitoring is based on UE implementation if the channel measurement-based condition is satisfied, consideration on additional conditions for the entry is not needed. On the other hand, additional conditions to ensure proper UE behavior can be considered for the exit condition. For example, a timer can be additionally considered for the exit conditions e.g., the UE needs to monitor the legacy PO and may monitor PEI if the UE does not receive LP-WUS until the expiration of the timer via LR.  
Proposal 6: For the entry condition, the other conditions other than serving cell measurement are not supported. 
Proposal 7: For the exit condition, the other conditions such as timer are supported to ensure proper UE behavior. 
For the metric of serving cell measurement, LP-RSRP and LP-RSRQ were agreed [6]. For LP-RSRQ, the following options were provided. 
· 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.
LP-RSSQ is defined as LP-RSRP/LP-RSSI and LP-RSSI is a metric to represent power of interference. According to the agreement, LP-RSRP captures received desired signal power during the OOK ON symbols. To reflect power of interference, defining LP-RSSI as the linear average of the total received power during the OOK OFF symbols is reasonable when the desired signal power does not exist. 
Proposal 8: For the definition of LP-RSSI, Option 2 is supported.
· Option 2: LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbols.
Support of subgroups for IDLE/INACTIVE modes
Maximum number of supported subgroups for LP-WUS is crucial issue. As supporting larger number of subgroups achieves better granularity, the larger number of subgroups avoids unnecessary ramp up and paging monitoring. On the other hand, increasing number of subgroups from the maximum number supported by PEI may lead to change of RAN2 specification. For example, indication of a different number of subgroups (e.g., via system information) and a different subgroup ID should be given to UE for LP-WUS. In addition, if the increased number of subgroups requires increased LP-WUS payload size, the coverage of LP-WUS decreases. Given the situation, support of more than 8 subgroups should be considered while maintaining LP-WUS coverage and additional specification impact in RAN2 specification should be minimized.
Proposal 9: Support more than 8 subgroups for LP-WUS without loss of coverage and with minimized specification impact in RAN2.
Other LP-WUS information
In RAN1#112bis-e [3], the following agreement was made for the content of LP-WUS. 
	Agreement
· For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g. UE-group, -subgroup or -ID
· FFS: cell information 
· FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information
· For CONNECTED mode, study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g UE-group, -subgroup or -ID
· indication to wake-up to PDCCH monitoring.
· Other information candidates are not precluded
· Study pros and cons of including above information to LP-WUS. 
· Note: the information may be explicitly or implicitly indicated.


 
For LP-WUS information, the following information should be considered. 
· Identification of system information change
· In case of system information change, MR needs to wake up MR and receive updated SI if LP-WUS does not deliver system information. As payload size of LP-WUS is limited, delivering the whole system information via LP-WUS is not possible. However, updating information among preconfigured sets can be one option to avoid waking up MR. In this way, UE can update SI without activation of MR and maintain ultra-deep sleep.
· Information on neighboring cells
· According to the evaluation results from the SI [2], it is obvious that offloading RRM measurement from MR to LP-WUS is essential to avoid frequent wake up of MR from ultra deep sleep and achieve power saving gain from LP-WUS. Considering limited capacity of LP-WUR and reduced power consumption, providing information on neighboring cells should be considered for LP-WUR based RRM measurement. 
Proposal 10: Target UE related information should be included in LP-WUS.
Proposal 11: Support update of system Information via LP-WUS indication among preconfigured sets.
Proposal 12: Information on neighboring cells should be supported in LP-WUS.
Summary
In this contribution, we discussed LP-WUS operation in IDLE/INACTIVE modes. Based on the discussion, we made the following proposals. 
Proposal 1: Support different LP-WUS monitoring occasions within one LP-WUS occasion considering the following cases. 
· Case 1. Support transmission of a same information group with multiple beams. 
· Case 2. Support transmission of different information groups with same beam.
Proposal 2: For LP-WUS MOs, support Option 2 (K can be larger than or equal to 1).
Proposal 3: For Case 1, support transmission of identical signals with different beams in N LP-WUS monitoring occasions within one LP-WUS occasion.
Proposal 4: For Case 2, support delivering different information in K LP-WUS monitoring occasion with an identical beam within one LP-WUS occasion.
Proposal 5: The working assumption on entry/exit conditions for LP-WUS monitoring is confirmed. 
Proposal 6: For the entry condition, the other conditions other than serving cell measurement are not supported. 
Proposal 7: For the exit condition, the other conditions such as timer are supported to ensure proper UE behavior. 
Proposal 8: For the definition of LP-RSSI, Option 2 is supported.
· Option 2: LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbols.
Proposal 9: Support more than 8 subgroups for LP-WUS without loss of coverage and with minimized specification impact in RAN2.
Proposal 10: Target UE related information should be included in LP-WUS.
Proposal 11: Support update of system Information via LP-WUS indication among preconfigured sets.
Proposal 12: Information on neighboring cells should be supported in LP-WUS.
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