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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]. 
Furthermore, the following agreements were made during RAN2 #125bis meeting: 
	The LP-WUS related configuration for IDLE/INACTIVE state is provided via system information. FFS if dedicated configuration is needed.
Working assumption: the LP-WUS configuration in SIB at least includes the following information:
-	LP-SS configuration
-	LP-WUS configuration
-  FFS on Entry/exit condition for LP-WUS monitoring
The PEI subgrouping method is taken as baseline for LP-WUS subgrouping, i.e. CN assigned and UE_ID based subgrouping. FFS the maximum number of subgroups.




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. 
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 (configured 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. This is keeping in line with the working assumption in RAN1. 
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. 
RAN2 also needs to discuss if any other entry/ exit conditions may be configured on top of the RSRP thresholds. For example, the UE’s mobility state, paging probabilities etc. 
[bookmark: _Hlk166148456]RAN2 to discuss the need for any additional entry/ exit conditions such as the UE’s mobility state, UE’s paging probabilities etc. 
RAN2 needs to also consider what the MR behavior will be when the LR is in active reception status. When the LR is in active reception status, i.e., the entry conditions have been fulfilled and the LR may actively receive a LP-WUS signal, we think it is beneficial to allow the MR to go into sleep mode (e.g., stop legacy PO monitoring) until the UE receives a LP-WUS signal indicating wake-up, to ensure maximum power saving gain. And, when the LR’s exit conditions are fulfilled, i.e., the UE can no longer receive the LP-WUS actively, the MR can be woken up to resume PO monitoring as per legacy behavior (also PEI if supported and configured). 
RAN2 to discuss MR behaviour when LR has fulfilled its entry conditions. 
RAN2 to discuss LR behaviour after its exit conditions are fulfilled.  
2.2. LP-WUS Subgrouping
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. The following was previously agreed in RAN1 #116: 
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.

On the basis of the above agreement, a cell may now consist of four UE types – legacy UEs that are only capable of PO monitoring, UEs that are capable of only PEI monitoring, UEs that are capable of both LP-WUS and PEI monitoring but only monitors for LP-WUS, and UEs capable of both LP-WUS and PEI monitoring and also monitors for both. Since it is understood that LP-WUS will support subgrouping and it will reuse the PEI subgrouping methods as a baseline, LP-WUS subgrouping must be designed in a way that it does not negatively impact the false alarm rate and thus the power saving gains. That is, when a UE is capable of monitoring both LP-WUS and PEI (provided the cell is configured with both), the LP-WUS subgrouping should be designed such that, when used in tandem with PEI, it can reduce the false alarm rate lower than legacy PEI methods. To enable such a 2-level subgrouping without increasing the payload size of the LP-WUS signal, we think that the maximum number of subgroups supported by LP-WUS should be 8, as is in legacy PEI. Furthermore, if the LP-WUS also supports up to 8 subgroups at maximum (as in PEI), LP-WUS subgrouping may be used to replace legacy PEI functionality for the case when PEI is not supported or the UE is not configured with PEI, making LP-WUS subgrouping more flexible.
Observation 1  LP-WUS Subgrouping should be designed such that it does not negatively impact false alarm rate and thus the power saving gain. 
The maximum number of subgroups that can be configured for LP-WUS subgrouping is 8.
RAN1 had also made the following additional agreements in the RAN1 #116bis meeting regarding subgrouping payload: 
		Regarding the LP-WUS information for idle/inactive UEs, at least consider the following：
· Option 1: A bitmap with each bit corresponding to [one or more] subgroups
· Option 2: A codepoint value corresponding to one or more subgroup(s)
· Option 3: Multiple codepoint values with each corresponding to one or more subgroup(s)
Combination of above options are not precluded.

	
FFS how to carry LP-WUS information, e.g., by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.
FFS how to carry LP-WUS information by overlaid OFDM sequences.
It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used.
Other options are not precluded.






As the discussion is already ongoing in RAN1 as to how the payload will be designed, we think it is sufficient for RAN2 to discuss the maximum number of subgroups supported for LP-WUS and allow RAN1 to continue the discussion on how this subgrouping information may be carried in the LP-WUS signal. Furthermore, we think RAN2 should focus the discussion on how this LP-WUS subgrouping may be configured in the cell, e.g., by including some additional Subgrouping Configuration in the SIB signalling and what this configuration may include, although RAN2 may need to wait further on RAN1 input before finalizing the exact details. 
[bookmark: _Hlk141272753][bookmark: _Hlk141272802]RAN2 to discuss the inclusion of a LP-WUS Subgrouping Configuration in the SIB signalling. 
[bookmark: OLE_LINK1]Another aspect that RAN2 should discuss is how this 2-level subgrouping needs to be configured such that the false alarm rates are not increased. One possible solution is to ensure orthogonality between the LP-WUS subgrouping and PEI subgrouping. For example, by ensuring that the UEs within a PEI subgroup are divided into different LP-WUS subgroups (i.e., a 1:1 mapping is not used between PEI subgroup and LP-WUS subgroup), the number of UEs that wake-up to monitor for PEI (if PEI monitoring is configured and implemented) will be reduced achieving reduced false alarm rates while PO monitoring. How to achieve orthogonality may be left for FFS. Figures 1, 2 and 3 show how the false alarm rates can be reduced by configuring orthogonal subgrouping between LP-WUS and PEI. Here, the total number of UEs in the cell is 80 (assuming all UEs are monitoring for both LP-WUS and PEI), the number of PEI subgroups configured is 8, and the number of LP-WUS subgroups configured are 5, 4 and 3 respectively. 


Figure 1: False Alarm Reduction with 8 PEI Subgroups and 5 LP-WUS Subgroups


Figure 2: False Alarm Reduction with 8 PEI Subgroups and 4 LP-WUS Subgroups

Figure 3: False Alarm Reduction with 8 PEI Subgroups and 3 LP-WUS Subgroups

RAN2 to discuss the configuration of 2-level subgrouping to reduce false alarm rates in comparison to legacy PEI. 

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 discuss the need for any additional entry/ exit conditions such as the UE’s mobility state, UE’s paging probabilities etc.
Proposal 4: RAN2 to discuss MR behaviour when LR has fulfilled its entry conditions.
Proposal 5: RAN2 to discuss LR behaviour after its exit conditions are fulfilled.  
Observation 1: LP-WUS Subgrouping should be designed such that it does not negatively impact false alarm rate and thus the power saving gain.
Proposal 6: The maximum number of subgroups that can be configured for LP-WUS subgrouping is 8.
Proposal 7: RAN2 to discuss the inclusion of a LP-WUS Subgrouping Configuration in the SIB signalling.
Proposal 8: RAN2 to discuss the configuration of 2-level subgrouping to reduce false alarm rates in comparison to legacy PEI.
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