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1 Introduction
RAN2 discussed the RAN2 impact on LP-WUS in last meeting and made the following agreements:
	RAN2 Agreements:

· Aim to do every Q: Collect RAN2 text proposals in a single document during the following meeting(s) and send the document to RAN1 as the input to the TR 38.869.

· Confirm that we follow R1 and include RRC idle/inactive/connected.

· Ultra-deep-sleep = R2 understands for now that this is a power saving state (introduced by R1) to denote a state when the Main Receiver (MR) may sleep/turn off.

· In scope: Use LPWUS with Idle / Inactive UE camping with reception of paging and other necessary transmissions (from serving cell), reusing if possible/reasonable concepts from earlier releases, where the LPWUS either wakes the UE to receive by MR, or it conveys information by itself, or both. 


This contribution provides our initial thought about the RAN2 impact on LP-WUS in IDLE/IANCTIVE state from the following aspects:
· Issue 1: LP-WUS based RRM measurement;
· Issue 2: LP-WUS based paging mechanism;

· Issue 3: LP-WUS configuration.
2 Discussion

Figure-1 shows the UE hardware module to support LP-WUS feature to help 3GPP discussion. Therefore, in RAN2 discussion, we think we can analyze RAN2 impact based on the same hardware module.  
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Figure-1: LP-WUS hardware model for discussion purpose 
Issue 1: LP-WUS based RRM Measurement
With the LP-WUS introduction, UE may turn off the main radio (NR) and stay in deep sleep state. And in this power state (i.e. deep sleep state), it’s impossible for UE to monitor the reference signal (i.e. SSB) to perform legacy RRM measurement. 
Observation 1: The IDLE/INACTIVE UE in deep sleep state cannot monitor the legacy SSB of serving cell to perform legacy RRM measurement. 

Without the legacy RRM measurement, there will be some problems for UE in deep sleep state to support mobility. Without RRM measurement on serving cell, UE cannot detect whether it can work well in the serving cell, resulting in a lack of network when the UE later wants to send data. Therefore, in order to support IDLE/INCTIVE mobility, the UE in deep sleep state should be able to perform the serving cell’s RRM measurement based on LP-WUS signal. 
Observation 2: In order to support IDLE/INACTIVE mobility, UE in deep sleep state should be able to know the serving cell’s quality based on LP-WUS signal. 
Proposal 1: For IDLE/INACTIVE UE in deep sleep state, LP-WUS based RRM measurement needs to be supported for mobility purpose. 
In current RAN1 study, it’s unclear whether the coverage of LP-WUS signal can be same as that of legacy SSB. Therefore, from the perspective of RAN2 impact analysis, we can consider the following cases:
· Case 1: The coverage of LP-WUS signal is smaller than that of cell specific SSB. 
· When IDLE/INACTIVE UE is in deep sleep state, it can perform the serving cell measurement based on LP-WUS signal. 
· When the LP-WUS signal quality becomes worse (i.e. below a threshold), UE can only assume it cannot work well only based on LP-WUS signal in deep sleep state, but cannot assume that the serving cell’s quality is poor. And UE should leave deep sleep state and perform the legacy RRM measurement based on serving cell’s SSB as legacy.
· In normal state, if the serving cell’s quality based on SSB measurement is below a threshold, UE can start the measurement on neighbor cell as legacy. 
· Case 2: The coverage of LP-WUS signal is same as that of cell specific SSB.
· IDLE/INACTIVE UE in deep sleep state performs the serving cell measurement based on LP-WUS signal.
· When the LP-WUS signal quality is below a threshold, UE can assume the current serving cell’s quality is poor, and leave deep sleep state to perform the neighbor cell measurement via MR. 
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Figure-2: Two cases of the LP-WUS coverage
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Figure-3: UE RRM measurements in two cases
	
	Case 1: LP-WUS coverage is smaller than cell coverage
	Case 1: LP-WUS coverage is same as cell coverage

	Measurement in deep sleep state
	UE performs serving cell measurement based on LP-WUS signal.
	UE performs serving cell measurement based on LP-WUS signal.

	LP-WUS signal quality < threshold
	UE leaves deep-sleep state;
UE starts performing serving cell measurement based on SSB;
	UE leaves deep-sleep state;

UE starts performing serving cell measurement based on SSB;
UE starts performing neighbor cell measurement based on SSB.


Proposal 2: Capture the LP-WUS based RRM measurement procedures in two cases in TR.
Issue 2: LP-WUS based paging design
In legacy, for DL data arrival, network will transmit paging to UE and UE will be based on paging to initiate the initial access to network. When IDLE/INACTIVE UE is in deep sleep state, UE only monitors LP-WUS on LR, and network can use LP-WUS signal as the paging purpose. 

For the paging purpose, there are several options on the LP-WUS design:
· Option 1: LP-WUS trigger UE to monitor PEI;

· LP-WUS signal is an ON/OFF signal, and one signal can identify a group of UEs. The UE group division may be different from the current paging group for PEI and paging reception. 
· When IDLE/INACTIVE UE in deep sleep state receives its LP-WUS signal, UE leaves deep sleep state and starts to monitor PEI as legacy. 
· Option 2: LP-WUS trigger UE to monitor paging;

· LP-WUS signal takes the PEI role, and network follows the PEI config (including the UE grouping division) to transmit LP-WUS signal. 

· When IDLE/INACTIVE UE in deep sleep state receives its LP-WUS signal, UE leaves deep sleep state and starts to monitor paging on UE’s PO as legacy.  
· Option 3: LP-WUS triggers UE to initiate RACH procedure for initial access directly;

· LP-WUS signal can carry the paging message;

· When IDLE/INACTIVE UE in deep sleep state receives its LP-WUS signal, UE leaves deep sleep state and performs initial access to network directly. 
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Figure-4. Options of LP-WUS based paging design

	
	Complexity of LP-WUS design
	Power consumption of whole MT procedure

	Option 1
	Low
	High

	Option 2
	Medium
	Medium

	Option 3
	High
	Low


Figure-4 describes the UE power state and corresponding UE behavior during the whole MT procedure. If we assume that the shorter the time a user stays in normal state during the whole MT procedure, the more power is saved, then option 3 is the most power efficient. But from the LP-WUS signal design perspective, Option 3 requires the data information carried by the LP-WUS signal so that the implementation complexity of LP-WUS in option 3 is the highest. 
Proposal 3: Capture the 3 options of LP-WUS based paging design in TR. 
Issue 3: LP-WUS configuration 
LP-WUS function should be enabled/disabled by network control, and UE should follow some configuration to receive the LP-WUS signal. Therefore, in order to support the LP-WUS function, the new RRC configuration and UE capability should be also introduced. And for IDLE/INACTIVE state, the LP-WUS function should be enabled via SIB. 
Proposal 4: The LP-WUS function should be enabled/disabled by network via RRC configuration. 
Proposal 5: The LP-WUS specific RRC configuration should be introduced to support LP-WUS function.  
3 Conclusion
According to the analysis in section 2, we propose that:
Observation 1: The IDLE/INACTIVE UE in deep sleep state cannot monitor the legacy SSB of serving cell to perform legacy RRM measurement. 

Observation 2: In order to support IDLE/INACTIVE mobility, UE in deep sleep state should be able to know the serving cell’s quality based on LP-WUS signal. 

Proposal 1: For IDLE/INACTIVE UE in deep sleep state, LP-WUS based RRM measurement needs to be supported for mobility purpose. 
Proposal 2: Capture the LP-WUS based RRM measurement procedures in two cases in TR.

Proposal 3: Capture the 3 options of LP-WUS based paging design in TR. 

Proposal 4: The LP-WUS function should be enabled/disabled by network via RRC configuration. 
Proposal 5: The LP-WUS specific RRC configuration should be introduced to support LP-WUS function.  

