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Discussion and Decision
1  Introduction
RAN2 discussed the RAN2 impact on LP-WUS in last meeting and made the following agreements: 
	RAN2#121b-e 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. 

	RAN2#122 Agreements:

· RAN2 expect that different coverage LR/MR may have RAN2 impact, e.g. UE need to stop using LP WUS when moving out of LR coverage, other aspects FFS. What to cover (if anything) in TS 38.304 is FFS.

· For UE in RRC_IDLE/RRC_INACTIVE state, it is FFS to what extent the network is or need to be aware of which receiver the UE uses MR/LR or both (for paging reception etc). A potential drawback of not knowing could be increased LP WUS load, a potential drawback of awareness is increased signalling. 

· RAN2 assumes that UE uses LP WUS when pre-configured condition(s) are fulfilled. 
(Other control methods not precluded)

· RAN2 assumes that using subgrouping for LP-WUS could be beneficial to reduce false alarms rate (depend on L1 capacity to carry payload). 


This contribution provides our view on the RAN2 impact of LP-WUS in IDLE/IANCTIVE state based on RAN1 agreements.
2  Discussion

2.1 RRM Measurement 
RAN1 made the following agreements on RRM measurement in last RAN1 meeting. 
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LP-RSSI or Energy detection: linear average of total received power over a RSSI resource.
= FFS RSSI resource.
LP-RSRP: linear average of received power of resource of reference signal(s) or signal(s) parts.
=  FFS resource of reference signal(s) or signal(s) parts
LP-SINR = LP-RSRP/(power of interference and noise)
= FFS how to define “power of interference and noise”
LP-RSRQ= [N x] LP-RSRP/LP-RSSI, where N is the factor of resource size difference for evaluation
LP-RSRP and LP-RSSL
Accounting AGC accuracy, ADC of at least 4 bits is required.

e Note: Reference signal for performing measurements can be e.g. SSB (PSS/SSS/PBCH DMRS), LP-WUS-
waveform sequence, LP-SS

e Note: The definition of metrics could be further refined based on future study

Power pooling between OFDM symbols is not assumed for evaluation purposes. Average EPRE is defined per OFDM symbol.





[image: image2.png]e For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR under certain
conditions, if any, and relaxation of serving/neighboring cell RRM measurements in MR considering
e Periodic reference signal(s) is/are used for LR measurements.
o FFS: reference signal(s) to measure, e.g. PSS/SSS/PBCH DMRS, LP-WUS waveform sequence, LP-SS
e FFS: periodicity, content
e MR performs measurements
e Alt2: with relaxed periodicity if RRM measurement in MR is relaxed.
= FFS: Condition for relaxation if any
= Can apply for both neighboring and serving cell
e  Alt3: only when reference signal(s) based measurements by LP-WUR satisfy certain condition(s), e.g.
are below threshold.
= FFS threshold.
= Above MR measurement under certain conditions can apply for both neighboring and serving
cell
=  Potentially with relaxation methods for MR neighboring cell measurement
e  Other alternatives are not precluded
FFS: Feasibility of RRM measurements of neighbor cells by LP-WUR
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At least for LP-WUR that cannot receive existing PSS/SSS, periodic LP-SS signal is beneficial for the following
functionality.

o RRM measurements by LP-WUR, if supported

o at least coarse time synchronization of LP-WUR.

o at least coarse frequency synchronization of LP-WUR.
Additional periodic LP-SS system overhead depends on LP-SS periodicity, system BW, # of beams, and resource
required to fulfil the target functionality, etc. Periodic signal if used for coarse synchronization may reduce
overhead of signal preceding LP-WUS, if any. LP-SS can be designed to be common among UE groups (cell-
specific) and such further reduce system overhead.
For LP-WUR that can receive existing PSS/SSS potentially assisted by PBCH DMRS/TRS for synchronization,
existing PSS/SSS potentially assisted by PBCH DMRS/TRS may be used for above functionality.
Periodic LP-SS coverage should be equal or better than that of LP-WUS.
For fine time and frequency synchronization, a signal (e.g. preamble) preceding or part of LP-WUS may be used.





According to RAN1 agreements, we have the following observations on the RAN1 design for RRM measurement on LP-WUR and relavent RAN2 impact on IDLE/INACTIVE measurement.  

Table-1. RAN2 impact on IDLE/INACTIVE RRM measurement
	RAN1 Design
	RAN2 impact 

	1.  New reference signaling (i.e.LP-SS) may be introduced for the measurement on LP-WUR.
	New SS 

· New LP-SS configuration needs to be provided in SIB.

	2.  RRM measurement of serving cell can be offloaded to LP-WUR in a certain condition.
	Serving cell measurement
· LP-SS based serving cell measurement needs to be configured in SIB. 
· Condition to enable/disable RRM measurement on LP-WUR needs to be specified/configured in SIB. 

	3.  RRM measurement on MR may be stopped or relaxed when RRM measurement is offloaded to LP-WUR.
	RRM measurement by MR
· Neighbor cell measurement is only performed on MR.
· FFS whether RRM measurement on MR is stopped or relaxed when measurement by LP-WUR is enabled.


According to the summary in Table-1, we propose to agree the RAN2 impact on IDLE/INACTIVE RRM measurement. 
Proposal 1: RAN2 impact on the LP-WUS based IDLE/INACTIVE RRM measurement may include the following aspects:

· Introduce new configuration for LP-SS in SIB

· Introduce new measurement based on LP-SS (e.g. LP-RSRP, LP-RSRQ, LP-RSSI) in SIB
· Support the condition based serving cell measurement on LP-WUR

· No neighbor measurement on MR when serving cell measurement on LP-WUR is enabled
· FFS whether RRM measurement on MR is relaxed or stopped when measurement by LP-WUR is enabled. 
2.2 LP-WUS activation/deactivation 
RAN1 made the following agreements on LP-WUS activation/deactivation in last RAN1 meeting. 
[image: image4.png]e For Idle/Inactive mode, following options for activation and deactivation of LP-WUS monitoring
by LP-WUR for a UE can be considered for study
e Altla:
o gNB transmits legacy paging indication and LP-WUS
o UE activation and/or deactivation of LP-WUS WUS monitoring is up to UE
implementation.
o This behavior may apply based on channel condition, e.g. when coverage is
sufficient/insufficient.
e Alt1b:
o gNB transmits legacy paging indication and LP-WUS
o UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured
criteria
o This behavior may apply based on channel condition, e.g. when coverage is
sufficient/insufficient.
e Alt2:
o activation and/or deactivation of LP-WUS monitoring in a cell is based on signalling.
o Paging misdetection performance shall not be impacted.





Even though RAN1 will continue discussing 3 alternatives, from RAN2 perspective, we can also provide our view on the candidate solutions from the following aspects: 

· From signaling overhead perspective
·  In Alt 1, UE can activate/deactivate LP-WUS monitoring without network awareness, there is no signaling burden generated here. 
·  In Alt 2, each activation/deactivation of LP-WUS monitoring requires explicit signaling control. 

·  Alt 2 has heavier signaling burden than Alt 1. 
· From resource utilization perspective 
·  In Alt 1, network doesn't know how many UE are monitoring LP-WUS. If network keeps LP-WUS transmission but no UEs receive it, then the LP-WUS transmission is a waste of resource. 
·  In Alt 2, even though network can activate the LP-WUS transmission, as long as it does not mandate UE to monitor LP-WUS when it’s activated by network, the situation is same as Alt1, since network cannot know the actual number of UE who are monitoring LP-WUS. 
·  In Alt 2, one assumption is that the activation signaling is designed as UE specific signaling, and UE is mandated to monitor LP-WUS. In this way, network can use UE specific signaling to enable/disable IDLE/INACTIVE UE to monitor LP-WUS. In order to ensure the UE in a good radio quality and can receive LP-WUS well, IDLE/INACTIVE UE needs to inform network via UE dedicated RRC connection when its radio quality changes. Such UE specific signaling overhead due to the IDLE/INACTIVE UE radio quality change seems unacceptable.  
·  In Alt 2, If the explicit signaling for LP-WUS activation/deactivation is cell specific, the resource utilization efficiency is same for both alternatives. 
Based on above analysis, we can see that Alt 2 will bring the heavy signaling burden and can not improve the LP-WUS transmission efficiency. Therefore, from RAN2 perspective, Alt 2 is suggested to be excluded. 

Proposal 2: Activation/deactivation of LP-WUS monitoring based on network signaling control (Alt2) is not supported for IDLE/INACTIVE UE. 
2.3 Paging
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 LP-WUR, 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. 
3  Conclusion
According to the analysis in section 2, we propose that:
Proposal 1: RAN2 impact on the LP-WUS based IDLE/INACTIVE RRM measurement may include the following aspects:

· Introduce new configuration for LP-SS in SIB

· Introduce new measurement based on LP-SS (e.g. LP-RSRP, LP-RSRQ, LP-RSSI) in SIB

· Support the condition based serving cell measurement on LP-WUR

· No neighbor measurement on MR when serving cell measurement on LP-WUR is enabled

· FFS whether RRM measurement on MR is relaxed or stopped when measurement by LP-WUR is enabled. 
Proposal 2: Activation/deactivation of LP-WUS monitoring based on network signaling control (Alt2) is not supported for IDLE/INACTIVE UE. 

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


