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[bookmark: _Toc116995841]Introduction
At the RAN#102 and RAN#103 meeting, a new work item was agreed for the “Low-power wake-up signal and receiver for NR”.  The objectives for this WID are listed below. This contribution discusses about the RAN4 requirements work needed to enable this feature. 
	RP-240801
4.1    Objective of SI or Core part WI or Testing part WI
The objectives of the work item are the following:
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
 
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements
· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 
· Study and if necessary specifyor support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
· Specify necessary RRM requirements




[bookmark: _Toc116995842]Discussion
Supported Scenarios for LP-WUS/WUR WI
Supported scenarios for IDLE and INACTIVE mode
RAN4 is expected to support both SSB-based LP-WUR and LP-SS based LP-WUR as well as defining corresponding requirements as needed. Each of the measurements are expected to have measurement requirements, and MR relaxation may be different based on whether SSB or LP-SS is used by LP-WUR. Also requirements for entry and exit conditions are needed. Therefore, at least the following baseline scenarios should be supported by RAN4: 
[bookmark: _Toc163487567][bookmark: _Toc163488150][bookmark: _Toc163489158]RAN4 to define requirements for the following LP-WUR scenarios
· [bookmark: _Toc163487568][bookmark: _Toc163488151][bookmark: _Toc163489159]IDLE and INACTIVE mode
i. [bookmark: _Toc163487569][bookmark: _Toc163488152][bookmark: _Toc163489160]SSB-based LP-WUR 
1. [bookmark: _Toc163487570][bookmark: _Toc163488153][bookmark: _Toc163489161]IDLE and INACTIVE mode measurement requirements 
2. [bookmark: _Toc163487571][bookmark: _Toc163488154][bookmark: _Toc163489162]MR relaxation requirements for UE supporting LP-WUR LP-SS measurements. 
3. [bookmark: _Toc163487572][bookmark: _Toc163488155][bookmark: _Toc163489163]Requirements for entry and exit conditions
ii. [bookmark: _Toc163487573][bookmark: _Toc163488156][bookmark: _Toc163489164]LP-SS based LP-WUR
1. [bookmark: _Toc163487574][bookmark: _Toc163488157][bookmark: _Toc163489165]IDLE and INACTIVE mode measurement requirements 
2. [bookmark: _Toc163487575][bookmark: _Toc163488158][bookmark: _Toc163489166]MR relaxation requirements for UE supporting LP-WUR that can receive LP-SS 
3. [bookmark: _Toc163487576][bookmark: _Toc163488159][bookmark: _Toc163489167]Requirements for entry and exit conditions
[bookmark: _Toc162951906][bookmark: _Toc163489168]RAN4 to discuss detailed scenarios for RRM relaxation of UE MR for IDLE and INACTIVE mode
RAN 1 is currently discussing about LR measurement metrics, for LR supporting SSS/PSS and LP-SS. Based on this discussion outcome, RAN4 needs to discuss and define accuracy requirements.  
[bookmark: _Toc163489169]RAN4 shall define LR accuracy requirements, as necessary.
Supported scenarios for CONNECTED mode
From the WID:
	· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR




Currently RAN1 and RAN2 are focusing on idle-mode, but the work may later consider CONNECTED mode. The CONNECTED mode measurements (RRM/RLM/BFD/CSI). As there is no explicit intent nor objective in the work item to change, offload or relax the MR based measurements in CONNECTED when LP-WUS is being monitored (contrary to IDLE/Inactive mode) the MR requirements can be kept unchanged for now. 
[bookmark: _Toc163489170]No change is assumed for existing MR based measurements (RRM/RLM/BFD/CSI) due to LP-WUS monitoring in CONNECTED mode.
[bookmark: _Toc163489171]From the WID, there is no RAN4 objective for the CONNECTED mode.
[bookmark: _Toc163489172]RAN4 to wait for RAN1 and RAN2 progress before defining any requirements for CONNECTED mode. 
Supported Architecture options
Currently, RAN1 has been discussing about the following architecture options. Depending on the RAN1 progress, the architecture options may have impact on RAN4 RRM requirements. 
The following architecture options are being discussed: 
· Envelope-only detectors (ED): The LR is operating in ED only mode, i.e., only ON/OFF keying is supported by the receiver. The LR has no IQ branch to perform coherent/sequence detection.
· Dual mode receivers, i.e., ED + SD mode: The LR is predominantly operating in ED mode when the signal conditions are conducive enough to use OOK detection. However, when the signal quality degrades, the LR switches to sequence detection mode, where it uses IQ branches to perform coherent detection to improve the coverage. 
· Sequence-only detectors (SD): The LR uses IQ branches always to perform coherent detection. It consumes more power due to the better accuracy of crystal oscillators (XO) used to drive the PLLs. The LR with IQ branch can receive the OOK signal, either by using non-coherent reception or by using the overlay sequence.
Based on RAN1 discussion about the different LR types i.e., LR that is capable of receiving PSS/SSS and Envelope detector based LR. It can be expected that the exact LR implementation approach in the UE is not restricted, there could be a mix of different types of LR architecture options present in the deployment. For instance, in IDLE/Inactive mode especially, where network may need to prepare to support different LR types. Therefore, it would be beneficial for the RAN4 to study different types of LR and define RRM requirements separately, as needed, for supported architecture types.
[bookmark: _Toc163489173]RAN4 to study the need for RRM requirements for different architecture types and define requirements separately for supported architecture types, as needed.
[bookmark: _Toc163489174]FFS on how to capture different architecture requirements in the 38.133 specification.




Entry and Exit conditions 
The latest WID states the following about entry and exit criteria: 
	· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)



Our understanding is that when the UE is not monitoring LP-WUS and both LR and MR based measurement can be used for entry conditions while exit condition is evaluated based on LR measurements. RAN1 and RAN2 are currently discussing LP-SS measurement details e.g., whether LP-SS is using LP-RSRP and LP-SINR. The WI supports multiple LP-WUS architecture options, therefore, RAN4 should consider if entry and exit conditions can use the same or different criteria for agreed each architecture option.  
Therefore, RAN4 can consider the following scenarios: 
	Assumed Receiver architecture type
	Reference signal
	Entry condition support 
	Exit condition support

	LR 
	LP-SS
	Yes 
	Yes

	LR
	SSS/PSS
	Yes 
	Yes 

	MR
	SSS/PSS
	Yes 
	No


 
[bookmark: _Toc163489175] Measurements and measurement metrics are still being discussed by RAN1. 
[bookmark: _Toc163489176]Entry and exit conditions may be different based on LR-type. 
[bookmark: _Toc163489177]RAN4 to define requirements for LP-WUR Entry and Exit criteria based on RAN1 and RAN2 design. 
[bookmark: _Toc163489178]FFS if RRM simulations for entry and exit criteria are needed. 
MR relaxation requirements 
Work item description states that RAN2 and RAN4 shall define RRM relaxation of UE MR for both serving and neighbour cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR. 
According to our understanding the UE may start RRM relaxation when RRM entry condition is fulfilled and the UE stops RRM relaxation when RRM exit condition is fulfilled. During this time there may be some relaxations on other than serving cell measurements. The evaluation of the entry condition may be based on LR, MR or both measurements and it can be based on LP-SS or PSS/SSS quality. 
Our understanding is that similar scenarios as in entry and exit conditions apply for MR relaxation. 
	Assumed Receiver architecture type 
	Reference signal
	MR Relaxation entry trigger
	MR relaxation exit trigger 

	LR 
	LP-SS
	Yes
	Yes 

	LR
	SSS/PSS
	Yes
	Yes 

	MR
	SSS/PSS
	Yes
	Not supported 



[bookmark: _Toc163489179]RAN4 to discuss scenarios for MR relaxation upon LP-WUR entry and exit

RAN4 section initial impact analysis 
RAN4 to study TS 38.133 specification impact analysis and FFS on how to capture it in the specification.
	
	Clause
	Impact Comment

	3
	Definitions, symbols and abbreviations
	Yes: New abbreviations, symbols and definitions expected.

	4
	SA: RRC_IDLE state mobility
	Yes.

From the WID: For IDLE/INACTIVE mode
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions

	5
	SA: RRC_INACTIVE state mobility
	Yes.

From the WID: For IDLE/INACTIVE mode
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions

	6
	RRC_CONNECTED state mobility
	No.
· CONNECTED mode measurements (RRM/RLM/BFD/CSI) are performed by MR. From the WID as there’s no RAN4 objective for the CONNECTED mode, no specification impact is expected. 

FFS if there’s any impact after RAN2 & RAN1 discussion.


	7
	Timing
	FFS

	8
	Signalling characteristics
	FFS

	9
	Measurement Procedure
	FFS

	10
	Measurement Performance requirements
	FFS

	11
	Void
	Not Applicable



[bookmark: _Toc163489180]RAN4 to discussion of which sections of the specification are impacted by the WI.
[bookmark: _Toc116995848]

Conclusion
The following Observations and Proposals were made:
Proposal 1: RAN4 to define requirements for the following LP-WUR scenarios
· IDLE and INACTIVE mode
i. SSB-based LP-WUR 
1. IDLE and INACTIVE mode measurement requirements 
2. MR relaxation requirements for UE supporting LP-WUR LP-SS measurements. 
3. Requirements for entry and exit conditions
ii. LP-SS based LP-WUR
1. IDLE and INACTIVE mode measurement requirements
2. MR relaxation requirements for UE supporting LP-WUR that can receive LP-SS
3. Requirements for entry and exit conditions
Proposal 2: RAN4 to discuss detailed scenarios for RRM relaxation of UE MR for IDLE and INACTIVE mode
Proposal 3: RAN4 shall define LR accuracy requirements, as necessary.
Observation 1: No change is assumed for existing MR based measurements (RRM/RLM/BFD/CSI) due to LP-WUS monitoring in CONNECTED mode.
Observation 2: From the WID, there is no RAN4 objective for the CONNECTED mode.
Proposal 4: RAN4 to wait for RAN1 and RAN2 progress before defining any requirements for CONNECTED mode.
Proposal 5: RAN4 to study the need for RRM requirements for different architecture types and define requirements separately for supported architecture types, as needed.
Proposal 6: FFS on how to capture different architecture requirements in the 38.133 specification.
Observation 3: Measurements and measurement metrics are still being discussed by RAN1.
Observation 4: Entry and exit conditions may be different based on LR-type.
Proposal 7: RAN4 to define requirements for LP-WUR Entry and Exit criteria based on RAN1 and RAN2 design.
Proposal 8: FFS if RRM simulations for entry and exit criteria are needed.
Proposal 9: RAN4 to discuss scenarios for MR relaxation upon LP-WUR entry and exit
Proposal 10: RAN4 to discussion of which sections of the specification are impacted by the WI.
[bookmark: _Toc116995849]

