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1. Introduction
[bookmark: Proposal_Beacon]Currently, the UE’s Main Radio (MR) needs to periodically wake up 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 is turned on [1]. The following agreements have been made at the RAN2 #123 meeting:
Agreements 
· Entry condition(s) of using LP-WUS include at least good serving cell quality, e.g. the serving cell quality measurement on LR and/or serving cell quality measurement on MR is better than configured threshold(s) in SIB. Other condition(s) is not precluded/FFS.  
· UE stops using LP-WUS when exit condition(s) configured in SIB is fulfilled. The exit condition(s) includes at least out of coverage of LP signaling, e.g. the serving cell quality measured by LR is less than the configured threshold in SIB, FFS on measurement on MR.
· FFS the serving cell quality measurement on LR is based on LP-SS and/or SSB (pending RAN1 decision).
· After waking up by a LP-WUS, capture the below solutions in the TR:
· Alt 1.1: UE could monitor paging DCI/paging;
· Alt 1.2: UE could monitor PEI, if configured and supported; FFS details on using LP-WUS and PEI together, e.g. subgrouping
· FFS Alt 2: UE could perform random access directly, FFS on whether and what condition/requirement is needed. R2 assumes that this require that LP-WUS includes UE_ID or equivalent (depends on LP-WUS capacity to carry information).
· For Alt.1 above, after waking up by a LP-WUS, RAN2 assumes the baseline is the UE monitors the legacy PO. 
· For UE in RRC_IDLE/RRC_INACTIVE state, FFS on whether there is need for the network to be aware of whether the UE is monitoring LP-WUS or not.

This contribution looks at the possible RRC Idle/ Inactive procedures for an LP-WUR enabled UE including entry and exit conditions for LR activation, network awareness options about the UE’s active radio and possible paging enhancements. 
2. Discussion
2.1. General
[bookmark: _Hlk118269482]As mentioned above, it has been agreed in the previous meeting 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. 
RAN2 to study the feasibility of using RSRP threshold for entry condition as measured by MR. 
RAN2 to study the feasibility of using RSRP threshold for exit condition as measured by LR. 

2.2. Is Network Awareness Feasible?
[bookmark: _Hlk141881612]When the UE is in RRC_IDLE/ RRC_INACTIVE Mode, the network is unaware of the UE’s active radio status. This is a viable option when the UE only consists of one radio. In the case where the UE consists of two radios (LR and MR), network awareness becomes more crucial. For example, a radio network may page the UE differently depending on which radio is currently listening at the UE side. Or if the MR of the UE is asleep, and if the UE completely goes out of the LP-WUR coverage without informing the gNB, the UE will lose connectivity with the network and would no longer be reachable. This may be more aggravated when the UE is close to the LR coverage boundary and may consistently move in and out of the LR coverage. Hence, there needs to be some level of understanding between the UE and network about where the UE may be paged. 
Network Awareness enables better resource efficiency and reduced power consumption by the network. One possible way to notify the gNB of the UE’s active radio is by means of some explicit indication by the UE to the network. This could be done by means of some enhanced RACH procedure, for example (e.g., an Active Radio Notification RACH similar to the existing On-Demand SI Request RACH). Although this solution works, it may not be feasible as initiating a RACH very frequently could drain the UE’s battery - especially if the UE frequently moves in and out of LR coverage. 
Another possible alternative is for the network to configure the UE behavior such that the UE need not explicitly notify the network of its active radio. For example, the network may configure separate UE LR and MR Paging Occasions (POs). The total POs for the UE remains same as in the legacy behavior. This ensures that the network knows exactly where the UE may be paged at a given instant, without having to page UEs on any additional occasions. With this alternative, the UE need not constantly signal the network of its active radio and the MR can be configured to continue sleeping if the LR is in active reception status. Also, the network no longer needs to be aware of the active radio in the UE as it knows where the UE may be paged at a given instant, which also alleviates the need for an explicit signaling.  Table 1 summarizes the pros and cons of the two alternatives.
Table 1: Alternatives for Network Awareness 
	Alternative
	Methodology
	Advantages
	Disadvantages

	1. Explicit Indication
	Signaling an ‘Active Radio Notification’ to the network, e.g., by means of an enhanced RACH procedure.
	· Better resource efficiency for the network. 
· gNB need not transmit two paging messages (one on LR and one on MR) simultaneously. Hence, less power consumption by gNB.
	· Requires UE to do some additional signalling to the network.
· New Network and UE behaviour. 

	2. No Explicit Awareness
	Network configuration of separate POs for LR and MR of the UE.
	· No additional signalling by the UE to the network leading to reduced power consumption by the UE. 
· gNB need not transmit two paging messages (one on LR and one on MR) simultaneously. Hence, less power consumption by gNB.
	· New Network and UE behaviour.  
· MR may still need to wake-up to monitor for paging signals that may have been missed during the LR POs. 


Hence, RAN2 should discuss possible ways to maintain awareness in the network about the UE’s active radio to prevent loss of connectivity as well as the frequent wake-up of MR.
[bookmark: _Hlk141272753][bookmark: _Hlk141272901][bookmark: _Hlk141272802]RAN2 to discuss configuration of the UE behaviour by the network that avoids the need for awareness and an explicit indication. 

2.3. Paging Enhancements
For an LR capable UE, the network may page the UE either on the MR or the LR depending on the active radio in the UE. In RRC_IDLE Mode, the UE’s current active radio is unknown to non-serving cells. This may lead to some additional discrepancies during paging if the active radio information of the UE is not uniform across different gNBs within a Registration Area/ RAN Notification Area. The serving cell and non-serving cells may page the UE non-uniformly leading to wasted resources. Hence, there needs to be some solution to ensure uniformity of radio information amongst all cells of a Registration Area/ RAN Notification Area. 
There are two alternatives to prevent the issue of radio information discrepancy within the Registration Area/ RAN Notification Area of a UE. In the first alternative, the gNBs always page the UE on both radios simultaneously. This solution avoids the need for the UE to inform gNB of its active radio and also avoids the need for any radio information to be updated amongst other gNBs. But this has a major drawback of wastage of resources and additional power consumption by the network to transmit two paging indications to each UE, as well as additional signaling overhead due to the redundant paging indications. 
In the second alternative, the surrounding gNBs are made aware of the UE’s most recent active radio information by means of some information update, for example. This explicit signaling ensures that all cells within the Registration Area/ RAN Notification Area maintain updated information about a UE’s active radio at all times, allowing for the UE to be paged in a resource efficient manner. The power saving gain is also maximized on the network as well as UE side when only one radio is active to receive paging at a time. Hence, RAN2 should discuss possible solutions for maintaining network awareness across different gNBs within a Registration Area/ RAN Notification Area, and in this contribution, we propose to use an explicit signaling to indicate the most recent radio information with surrounding cells.  
Observation 1 The most recent radio information must be uniform within the gNBs of a Registration Area/ RAN Notification Area.

Observation 2 [bookmark: _Hlk141278320]Transmitting a paging indication on both LR and MR simultaneously is a waste of resources and reduces the power saving gain of the network and UE.
[bookmark: _Hlk141888050]RAN2 to discuss and evaluate information sharing amongst network nodes within UE’s Registration Area/ RAN Notification Area regarding UE’s current radio in use. 

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 study the feasibility of using RSRP threshold for entry condition as measured by MR.
Proposal 2: RAN2 to study the feasibility of using RSRP threshold for exit condition as measured by LR.
Proposal 3: RAN2 to discuss configuration of the UE behaviour by the network that avoids the need for awareness and an explicit indication. 
Observation 1: The most recent radio information must be uniform within the gNBs of a Registration Area/ RAN Notification Area.
Observation 2: Transmitting a paging indication on both LR and MR simultaneously is a waste of resources and reduces the power saving gain of the network and UE. 
Proposal 4: RAN2 to discuss and evaluate information sharing amongst network nodes within UE’s Registration Area/ RAN Notification Area regarding UE’s current radio in use.
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