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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The following agreements were made on the LP-WUS operation in idle/inactive modes in the past meetings. 

Agreement:
Multi-beam operations are supported for LP-WUS and LP-SS for idle mode.
Agreement
LP-WUS occasions (LOs) are defined for LP-WUS monitoring.
· Each LO has one or more LP-WUS monitoring occasions (MOs), where UE can monitors for LP-WUS transmission in each of the LP-WUS MOs.
· Different LP-WUS MOs may correspond to different beams in multi-beam operation
· It is not precluded that FFS whether or not each LO is defined as a time window that covers the corresponding LP-WUS MOs
· FFS details
· It is at least supported that a UE monitors LOs with a configured periodicity.
· Each UE has a periodicity for LO monitoring, and it is at least supported that a UE monitors one LO per period.
· FFS: A UE does not expect its LP-WUS monitoring occasions overlapping in time 
· FFS: monitoring of multiple more than one LOs per period e.g. if LP-WUS common to all UEs is supported or in case of eDRX (if supported)
· FFS eDRX, if supported
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.
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.
2. Discussion
2.1 LP-WUS design for Idle/inactive mode UEs
As noted in the WID [2], A unified LP-WUS signal design for CONNECTED mode and IDLE/INACTIVE mode can avoid supporting two kinds of LP-WUS receiver architecture for different RRC states. The payload details of LP-WUS for idle/mode should include the wake-up bit to indicate wakeup of MR, UE subgroup id carried in the existing Early paging indicator (PEI) according to subgroupsNumPerPO is 8 which requires Y bits as well as considering the number of bits needed convey assication of LPWUSto PO. 
RAN1 should further discuss whether to carry entire cell id, part of the cell or no cell id in LPWUS. The physical layer cell identifier (PCI) is used to identify the cell and it is obtained in 5G NR by decoding Primary Synchronization Signal (PSS) and Secondary Synchronization Signal (SSS). NR PSS has 3 values (0,1,2) and NR SSS has 336 values (0 to 335). The PCI is calculated by multiplying the SSS by 3 and adding the PSS. The PCI in 5G NR ranging from 0 to 1007 thereby supporting 1008 unique PCIs. PCI of a cell can be calculated using: 
NIDCell = 3 * NID(1) + NID(2) where NID(1) ∈ {0,1, … ,335} and NID(2) ∈ {0,1,2}

The rest of the LPWUS content depends on the decision from RAN2 whether to LPWUS indicates SI change, ETWS/CMAS information, tracking area information, and RAN area information. Considering the 
limitation in the LPWUS size and decision on the procedure whether LPWUS indicates the PEI occasions or PO occasions. RAN1 can parallelly discuss on the candidate maximum LPWUS bits, which is important to decide further on the number of required repetitions needed for the LPWUS to achieve the target coverage which is Msg 3. Also, the payload size discussion should take into consideration in-band or out-of-band deployment for the LPWUR compared with MR due to increase in payload size due to better coverage obtained at lower frequencies. Increased payload size degrades the LPWUS performance by 1-2dB [3].
Proposal 1: Consider candidate maximum LPWUS size supported for the LPWUS design excluding CRC for the idle mode/inactive mode:
· to support PEI functionality   
· FFS 12, 16, 41 bits and other sizes.   
Proposal 2: Consider LPWUS content which includes wake up bit and continue to discuss whether to include Y bits for subgroup size, X bits cell id/part of cell id etc., 
Proposal 3: RAN1 can wait for the RAN2 decision to consider whether to include SI change and ETWS/CMAS information, tracking area information, and RAN area information.
Furthermore, in Rel.18 LP-WUS discussion, it was agreed that at least one BW-size <=5MHz is recommended to be supported for IDLE/INACTIVE mode and the BW-size is of LP-WUS may be specified as default value (e.g., 5MHz) or broadcast in the system information. 



Figure 1: Bandwidth configuration of MC-OOK signal for 30KHz SCS
The following agreement was made in the last meeting on the number of PRBs for LPWUS and LPSS
Agreement
From RAN1 perspective, support X PRBs for LP-WUS and LP-SS with SCS 30kHz (blanked guard RBs are not included) for a channel bandwidth equal or larger than 5MHz
-	X to be down-selected between 11 and 12 PRBs 
-	FFS the number of PRBs for 15kHz
-	FFS if other number of PRBs needed, for LP-SS and LP-WUS with a channel bandwidth equal or less than 5MHz
FFS: Whether the above is applicable to FR2


	LP-WUS SCS configuration 
	Number of resource block allocated for LP-WUS considering 4.32MHz BW

	15kHz
	24

	30kHz
	12

	60kHz
	6


Table 1: LP-WUS resource block configuration
Another main aspect to discuss whether the LPWUR and MR are in the same band or in different band. The pros for supporting LPWUR in a lower frequency e.g., sub 1 GHz, is to get better coverage reducing the number of repetitions thereby a larger payload can be supported, however such out-of-band deployment leads to not supporting RRM offloading functionality at LPWUR. Such increased payload at out-of-band deployment eventually leads to supporting more functionality to be offloaded to the LPWUS such that include SI change and ETWS/CMAS information, tracking area information, and RAN area information. The in-band deployment allows offloading RRM functionality to the LPWUR but repetitions schemes are needed to close the coverage bottleneck with respect to Msg3 of main radio thereby reducing the payload size of LPWUR due to longer duration and thereby leading to support less functionality.  
Proposal 4: Consider 12 PRBs for 30kHz SCS, 24PRBs for 15 kHz  SCS for LPWUS and LPSS. 
Proposal 5: Continue studying In-band Vs out-of-band deployment options for LPWUR due to:
· Better coverage at lower frequency. 
· Increased payload size due to less repetition needed to attain MR Msg-3 coverage thereby supporting more functionality at LPWUR.
· Not supporting RRM measurement offloading from MR.

2.2 LP-WUS procedure in Idle mode
The Procedures upon detecting LPWUS in IDLE/Inactive mode includes the following three options at this stage: 
1. Monitor paging after detection LP-WUS
2. Monitor PEI after detecting LP-WUS
3. Transmit PRACH after detecting LP-WUS
The content of LP-WUS in these cases are quite different. The third option of transmit PRACH after detecting LPWUS involves LWUS replacing paging message which increases the message size of the LPWUS. Then it is about down-selecting between whether the LPWUS replaces PEI which means LPWUS directly indicates the paging occasions or LPWUS indicates the PEI occasions which is monitored by main radio before paging occasions. 
In case of LPWUS replacing PEI, then the content of LPWUS is same as that of the PEI containing subgroup id and while in the case of LPWUS indicating the PEI, then the LPWUS need not include the subgroup id which is then read by the main radio.   
Proposal 6: For the case, subgroup id is transmitted in LPWUS, consider upto [8] bits as subgroup id for evaluation until RAN2 makes progress on the subgrouping.

2.3 LP-WUS resource configuration in the Idle mode
LPWUS blocks containing different time domain occasions can be FDMed so that group of UEs may be assigned a LPWUS block to monitor the LP_WUS signal from BS... 
There is a time gap between the end of LPWUS occasion and PO which considers the ramp up time of MR which depends on the sleep state of MR and processing of LPWUS. 
· MR is in the ultra deep sleep state and hence the wake-up time for the MR receiver is longer e.g, 400ms, 800ms etc., 
· MR is in the deep sleep state and hence the wake-up time for the MR receiver is shorter e.g., 20ms
Since the ramp-up time to wake up MR depends on the sleep state of MR, the gNB needs to know about it to configure the LPWUS occasions with time gap accordingly. 

  
Figure 2: Mapping between WUS block occasions and PO occasions

Proposal 7: Continue to evaluate whether multiple FDMed LPWUS blocks. 
Proposal 8: Consider ramp up time of different MR sleep state to calculate the time gap between LPWUS reception and PO occasion.
Each LPWUS occasions can be associated to indicate one PO occasion in a cell. Incase, each LPWUS occasions is associated to many PO, then the subgrouping and false alarm rate for paging may be different which requires further evaluations. 
Proposal 9: Consider one LPWUS occasion associated with atleast one PO.  

3. Conclusions
In this contribution, considerations of LP-WUS operation in idle mode/inactive modes are provided. The following proposals are present: 
Proposal 1: Consider candidate maximum LPWUS size supported for the LPWUS design excluding CRC for the idle mode/inactive mode:
· to support PEI functionality   
· FFS 12, 16, 41 bits and other sizes.   
Proposal 2: Consider LPWUS content which includes wake up bit and continue to discuss whether to include Y bits for subgroup size, X bits cell id/part of cell id etc., 
Proposal 3: RAN1 can wait for the RAN2 decision to consider whether to include SI change and ETWS/CMAS information, tracking area information, and RAN area information.
Proposal 4: Consider 12 PRBs for 30kHz SCS, 24PRBs for 15 kHz  SCS for LPWUS and LPSS. 
Proposal 5: Continue studying In-band Vs out-of-band deployment options for LPWUR due to:
· Better coverage at lower frequency. 
· Increased payload size due to less repetition needed to attain MR Msg-3 coverage thereby supporting more functionality at LPWUR.
· Not supporting RRM measurement offloading from MR.
Proposal 6: For the case, subgroup id is transmitted in LPWUS, consider upto [8] bits as subgroup id for evaluation until RAN2 makes progress on the subgrouping.
Proposal 7: Continue to evaluate whether multiple FDMed LPWUS blocks. 
Proposal 8: Consider ramp up time of different MR sleep state to calculate the time gap between LPWUS reception and PO occasion.
Proposal 9: Consider one LPWUS occasion associated with atleast one PO.  
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