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1. Introduction
[bookmark: Proposal_Beacon]In RAN#103 meeting, WID of Rel-19 Low-power wake-up signal and receiver for NR (LP-WUS/ WUR) [1] was discussed and confirmed. Currently, the UE’s Main Radio (MR) needs to periodically monitor PDCCH once per DRX cycle, which dominates the power consumption in periods with no signaling or data traffic. If the UE’s MR can wake up only when they are triggered (e.g. paging), power consumption could be dramatically reduced. This can be achieved by using a wake-up signal to trigger the main radio and a separate receiver which has the ability to monitor wake-up signal with ultra-low power consumption. Main radio works for data transmission and reception, which can be turned off or set to deep sleep unless it needs to monitor PDCCH [2]. 
This contribution looks at the possible RRC Idle/ Inactive procedures for an LP-WUR enabled UE including entry and exit conditions for LR activation, subgrouping and possible paging enhancements. 
2. Discussion
2.1. Entry and Exit Conditions
[bookmark: _Hlk118269482]It has been agreed in previous meetings that RAN2 can expect LR and MR to have different coverage, and the UE will use LP-WUS when some preconfigured condition(s) are fulfilled. RAN2 should discuss the possible entry and exit conditions for the UE to use LP-WUR, as well as how these conditions are configured. RAN2 needs to also consider what the MR behavior will be when the LR is in active reception status. 
One possible solution to determine the activation/ deactivation of the LR is by measuring the power with which the SSB/ LP-SS is received. A new RSRP threshold (configurable by the network) can be introduced for determining whether the UE’s LR is in active reception status or not. If the UE receives the SSB (as measured by MR) with a power higher than this threshold, then the UE’s LR is activated else the UE continues to use the MR. While the UE is within LR coverage, and the UE is in IDLE Mode, the UE may continue to use the LR once activated and allow the MR to stay in ultra-deep sleep. The LR may then be deactivated when the UE moves out of the LR coverage area which can be determined by the SSB/ LP-SS power (as measured by LR), i.e., if the SSB/ LP-SS (as measured by LR) is received with a power lower than the threshold then LR may be deactivated, and the UE can start using the MR. Furthermore, these conditions are on top of the fact that the serving cell supports LP-WUR/ LP-WUS feature, indicated implicitly/ explicitly by at least broadcasted information. 
RAN2 to agree on using RSRP threshold (e.g. SSB) for entry condition as measured by MR. 
RAN2 to agree on using RSRP threshold (e.g. LP-SS) for exit condition as measured by LR. 

2.2. Paging Monitoring triggered by LP-WUS
When the UE is in RRC_IDLE/ RRC_INACTIVE Mode, the network may page the UE to notify it about incoming data, call requests and/ or network updates. When the MR is in ultra-deep sleep mode, it needs to be woken up before the UE can be paged. The LP-WUS can be used to wake-up the MR for the purpose of PDCCH monitoring and paging. There are three possible alternatives by which the LP-WUS may be used to wake-up the MR for the purpose of paging, as follows: 

Option 1: LP-WUS carrying a UE ID triggers MR wake-up 
From the network perspective, if a unique UE identifier (e.g., 48-bit 5G-S-TMSI or 24/40-bit I-RNTI) is not carried in the LP-WUS payload, a gNB may need to transmit both LP-WUS and the associated legacy PDCCH and PDSCH for the paging message. If instead a unique UE identifier is carried in the LP-WUS payload, the gNB could either transmit LP-WUS or legacy paging depending on if the UE is within LP-WUS coverage or not. However, without any signalling from the UE upon LP-WUS coverage change, or from being in the cell or not, this would have to be done blindly and would be left to the gNB implementation (similar to paging the UE in two different cells, i.e., up to trial and error) [2]. Furthermore, as this increases the payload of the LP-WUS signal, it may significantly impact the coverage of the LR. 
Option 2: LP-WUS triggers MR wake-up for Paging Monitoring
In this alternative, the LP-WUS directly wakes up the MR for Paging Monitoring, i.e., the LP-WUS signal replaces the functionality of PEI. The LP-WUS may carry some subgrouping information to reduce the rate of false paging alarms. The subgrouping mechanism may be based on legacy subgrouping methods and the payload size of the LP-WUS. Here, PEI may be configured for the UE as a fallback mechanism for when the UE moves out of LR coverage but is not simultaneously used with LP-WUS.
Option 3.1: LP-WUS without subgrouping triggers MR wake-up for PEI Monitoring
Here, the LP-WUS wakes up the MR to monitor for PEI. When the UE receives a PEI corresponding to its subgroup, the MR then monitors for paging. When the UE receives a paging message on the MR, it initiates the RACH procedure accordingly. The LP-WUS in this case, may be a simple 1-bit wake-up indication without any additional subgrouping information. 
Option 3.2: LP-WUS with subgrouping triggers MR wake-up for PEI Monitoring
Here, the LP-WUS wakes up the MR to monitor for PEI. When the UE receives a PEI corresponding to its subgroup, the MR then monitors for paging. The LP-WUS in this case, carries some subgrouping information on top of the subgrouping information in the PEI. The details of LP-WUS subgrouping may use PEI subgrouping methods as the baseline (further details may be FFS). 
Table 1: Alternatives for Paging Monitoring 
	Alternative
	Advantages
	Disadvantages

	1. LP-WUS carrying UE ID triggers MR wake-up
	· False alarm rate is low as only the specific MR needs to be woken up for Paging Monitoring. 
	· LP-WUS needs to carry a large payload which may impact the LR coverage.
· Added complexity to define a new unique UE ID identifier.  

	2. LP-WUS triggers MR wake-up for Paging Monitoring
	· Lesser power consumption than legacy PEI mechanism. 
· PEI subgrouping methods may be reused for LP-WUS without any additional complexity. 
	· The subgrouping used in LP-WUS depends on the payload size, which can impact the LR coverage if too large.  

	3.1 LP-WUS without subgrouping triggers MR wake-up for PEI Monitoring
	· Payload size is small as it only needs to carry wake-up indication.
	· The time taken between network transmitting a LP-WUS signal and the UE initiating a RACH is long. 
· The power saving gain achieved is lowest for this alternative. 

	3.2 LP-WUS with subgrouping triggers MR wake-up for PEI Monitoring
	· The number of LP-WUS UEs that wake-up will be lower than Option 3.1 (indicated by the LP-WUS subgroup).
	· The time taken between network transmitting a LP-WUS signal and the UE initiating a RACH is long.
· Design complexity for a new subgrouping mechanism on top of legacy PEI subgrouping is high. 



In our view, Option 2 is the easiest and most efficient way to use LP-WUS for paging monitoring as it provides significant power saving gain without adding too much complexity to the design and payload size. 
[bookmark: _Hlk141272753][bookmark: _Hlk141272901][bookmark: _Hlk141272802]RAN2 to agree on using LP-WUS to trigger MR wake-up for Paging Monitoring provided LP-WUS carries subgrouping information, i.e., to replace legacy PEI. 

2.3. LP-WUS Subgrouping
LP-WUS subgrouping can be used to reduce the unnecessary energy consumption caused by false paging. In the latest RAN1#116 meeting [3], RAN1 has concluded that for idle/inactive mode, how to map a UE to a subgroup ID for LP-WUS is left to RAN2 to decide. During related discussions for Rel-18 SI phase, RAN2 has considered that the subgrouping methods for LP-WUS includes both the CN assigned and/or UE ID based subgrouping, which are similar to the PEI subgrouping methods, details determined during WI phase. 
Therefore, it is suggested to confirm that LP-WUS subgrouping design can take the PEI subgrouping design as baseline. In the case of PEI is not supported or UE is not configured with the PEI, the procedure to determine the LP-WUS subgrouping can refer to legacy PEI subgrouping, which includes both CN assigned and/or UE ID based subgrouping, the subgrouping configuration can be provided with the LP-WUS configuration. And in the case of UE is configured with legacy PEI, the PEI subgrouping design can be reused for LP-WUS, for example, the mapping between a UE to a subgroup ID for LP-WUS can reuse the PEI subgrouping assignment, in some extent, the LP-WUS can replace legacy PEI functionality in this case.
RAN2 to confirm than LP-WUS subgrouping can take legacy PEI subgrouping design as baseline.

3. Conclusion

This document discusses some procedures for a LR capable UE in the RRC_IDLE/ RRC_INACTIVE Mode. Following are the proposals and observations made in this document:
Proposal 1: RAN2 to agree on using RSRP threshold (e.g. SSB) for entry condition as measured by MR.
Proposal 2: RAN2 to agree on using RSRP threshold (e.g. LP-SS) for exit condition as measured by LR.
Proposal 3: RAN2 to agree on using LP-WUS to trigger MR wake-up for Paging Monitoring provided LP-WUS carries subgrouping information, i.e., to replace legacy PEI.
Proposal 4:  RAN2 to confirm than LP-WUS subgrouping can take legacy PEI subgrouping design as baseline.
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