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1. Introduction
The new WI of Low-power wake-up signal and receiver for NR (LP-WUS/WUR) [1] has been revised in RANP#103. The RAN4 has TU from this RAN4 #110bis meeting. The RAN4 related scope of this WI is:
	· 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).
· [bookmark: OLE_LINK1]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 specify or 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


In this contribution, we discuss the RAN4 working scope and some preliminary technical parts for this new WI. 
2. RAN4 work for LP-WUR based RRM
In the WID, the scope for connected mode is to discuss the procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring, however, like in R16 WUS design, it would not have any RRM impact by using LP-WUS in connected mode. Furthermore, WID mentioned that,
In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
All the RRM/RLM/BFD/CSI measurement would be as same as legacy case, i.e., use MR to perform these functionalities. Thus, no RRM scope shall be needed for connected mode in this WI.
Proposal 1: no RRM scope is needed for connected mode in this LP-WUR/LP-WUS WI.
For IDLE/Inactive mode, RAN1 had some agreements related with RRM (e.g., LP-SS related) in RAN1#116 meeting, duplicated as followings:
	[bookmark: _Toc156813317]LP-WUS and LP-SS design
Agreement
Further study the following options for LP-SS:
· Option 1: OOK-1 
· Option 2: OOK-4 with M=1,2,4,[8]
· The SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation
· FFS: different SCS
Agreement
For LP-SS design from RAN1 perspective, consider at least the following as the design target:
· For RRM measurement performed by LP-WUR based on LP-SS, UE can satisfy measurement accuracy based on X LP-SS samples within a period which is comparable to Y=the length of I-DRX cycle that is larger or equal to 1.28s.
· FFS: X  
· Note: Y is chosen for evaluating LP-SS design. 
· Network overhead and network power consumption are to be considered
Agreement
The ‘ON-OFF’ pattern for OOK symbols of LP-SS is based on binary sequence(s)
· FFS binary sequence(s) details, including the sequence type, the number of sequences, and the sequence length
· FFS overlaid OFDM sequences, if supported

[bookmark: _Toc156813318]LP-WUS operation in IDLE/INACTIVE modes
Agreement
Multi-beam operations are supported for LP-WUS and LP-SS for idle mode
Agreement
LP-WUS occasions (LOs) are defined for LP-WUS monitoring.
· Each LO has one or more LP-WUS monitoring occasions (MOs), where UE can monitors for LP-WUS transmission in each of the LP-WUS MOs.
· Different LP-WUS MOs may correspond to different beams in multi-beam operation
· FFS whether or not each LO is defined as a time window that covers the corresponding LP-WUS MOs
· FFS details
· It is at least supported that a UE monitors LOs with a configured periodicity.
· FFS eDRX, if supported
Agreement
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.
Agreement
It is supported that the UE monitors the legacy PO after receiving LP-WUS indicating wake-up.
· FFS: support of UE monitoring dynamic PO
Conclusion
For idle/inactive mode, how to map a UE to a subgroup ID for LP-WUS is left to RAN2 to decide.



Since the LP-SS is still under designing/discussing in RAN1, RAN4 may need to wait until the LP-SS design has been concluded. In addition, the measurement metrics is also a fundamental thing we need to figure out before going into the RRM requirement design, however, it was not concluded in RAN1 during this WI stage. Since normally measurement metrics is defined in TS38.215(RAN1 spec), we think RAN1 shall decide the measurement metrics (RSRP/RSRQ/SINR/RSSI) before RAN4 RRM requirement design during this LP-WUR WI. Otherwise, the evaluation results cannot be aligned among companies as companies may have different understanding on how to derive the RSRP/RSRQ/RSSI/SINR.
Proposal 2: For LP-SS based RRM in idle/inactive mode, RAN4 shall start RRM requirement design after RAN1 has conclusions on LP-SS design and LP-SS based measurement metric. 
During the SI stage, the LP-WUR based RRM performance evaluation considers following main dimensions:
· Sample/symbols number
· Target SNR for side condition ({-3, -6, -9, -11})
· Target measurement accuracy (3 or 5dB)
· Channel model (AWGN, TDL-C)
The sample number is also related with the LP-SS design and it is still under discussing in RAN1. In SI stage, we agreed that the evaluation methodology by RAN1 in TR38.869 for serving cell RSRP/RSRQ measurement offloading to LP-WUR at IDLE/INACTIVE mode is reasonable, where the evaluation methodology refers to the consideration of side condition, number of samples and accuracy. In addition, in RAN4, RF impairment margin is considered. 
In our view, since now we have multiple moving targets(e.g., target SNR, target accuracy, target time delay or sample number), if RAN4 would like to decide the final requirement for LP-WUR based RRM, we may have 3 possible ways:
· Alt 1 to decide future LP-WUR based RRM requirement:
· Firstly fix the target accuracy performance to be equivalent to the existing RSRP/RSRQ measurement accuracy, and then decide the target SNR and sample number for LP-WUR based RRM requirement.
· Alt 2 to decide future LP-WUR based RRM requirement:
· Firstly fix the target SNR side condition to be equivalent to the existing SNR side condition in current RSRP/RSRQ measurement requirement (e.g., -6dB or -4dB), and then decide the target accuracy and sample number for LP-WUR based RRM requirement.
· Alt 3 to decide future LP-WUR based RRM requirement:
· Firstly fix the target coverage performance of LP-WUR to be equivalent to the existing MR (i.e., existing target SNR – extra noise figure), and then decide the target accuracy and sample number for LP-WUR based RRM requirement.
In WID, it was agreed that “The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.” However, the legacy RRM requirement is defined based on SSB coverage rather than coverage of PUSCH for msg3. So RAN4 needs more discussion to decide if current SNR of -3dB(mainly for serving cell) or -6dB(mainly for neighbor cell) can be used to represent the equivalent coverage as PUSCH for msg3.
Proposal 3: In this R19 LP-WUR/LP-WUS WI, RAN4 to decide which alternative to use for RRM requirement design for LP-WUR
· Alternative 1: Firstly fix the target accuracy performance to be equivalent to the existing RSRP/RSRQ measurement accuracy (e.g., +/- 6dB as companies proposed in last meeting), and then decide the target SNR and sample number for LP-WUR based RRM requirement.
· Alternative 2: Firstly fix the target SNR side condition to be equivalent to the existing SNR side condition in current RSRP/RSRQ measurement requirement (e.g., -6dB or -4dB), and then decide the target accuracy and sample number for LP-WUR based RRM requirement.
· Alternative 3: Firstly fix the target coverage performance of LP-WUR to be equivalent to the existing MR (i.e., new target SNR = (existing target SNR) – (extra noise figure)), and then decide the target accuracy and sample number for LP-WUR based RRM requirement.
Proposal 4 (if adopt above alt 3): more discussion is needed to decide if SNR of -3dB(mainly for serving cell) or -6dB(mainly for neighbor cell) can be used to represent the equivalent coverage as PUSCH for msg3.
In WID, another important enhancement is: 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. Even though conditions for offloading RRM serving cell measurement from MR to LR and conditions for relaxation of MR serving cell and neighbor cell measurements is mainly decided/designed by RAN2, RAN4 can investigate the mobility performance corresponding to such relaxation, and the mismatch/bias between LP-WUR based measurement result and MR based measurement result. For instance, if LP-SS is used for the measurement to decide when the MR shall be waken up or not, such LP-SS based measurement result at least shall be comparable to the MR based measurement results or some bias offset shall be defined; otherwise, LP-SS triggers MR to wake up for mobility but MR based measurement results may tell that the mobility is not needed after MR wakes up. 
Proposal 5: the criteria design for RRM relaxation of UE MR for both serving and neighbor cell measurements can be left to RAN2 to decide, but RAN4 can investigate the mobility performance to quantify the relaxation, e.g., scaling factor for measurement period.
In last meeting, RAN1 also discussed the LP-WUS in eDRX, but no conclusion has been made. In our view, besides LP-WUS, we also need to investigate the UE RRM measurement for LP-SS in eDRX, e.g., whether LP-SS measurement shall follow the eDRX cycle or not. If the LP-SS based measurement is not following eDRX cycle or DRX cycle in IDLE/Inactive mode, i.e., LP-SS based measurement will follow the LP-SS periodicity, then when UE decides to turn on MR inside a PTW window (if PTW is used), UE needs to check whether rest of the PTW window is sufficient for MR based RRM measurement or evaluation time (MR based RRM measurement/evaluation shall be contained in one PTW window). Even though it’s a bit early to discuss such details, we think it’s still worthwhile to discuss how to perform offloading based on LP-SS based measurement when eDRX is configured. 
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Figure 1. example for MR offloading(based on LP-SS based measurement) when eDRX is configured with PTW
Proposal 6: RAN4 to discuss followings in IDLE/Inactive mode for MR offloading:
· whether LP-SS measurement in IDLE/Inactive mode shall follow LP-SS periodicity only or follow DRX/eDRX cycle. 
· how to perform MR offloading(based on LP-SS based measurement) if eDRX is configured with PTW.
3. Conclusion
In this contribution, we discuss the RAN4 working scope and some preliminary technical parts for this new WI. 
Proposal 1: no RRM scope is needed for connected mode in this LP-WUR/LP-WUS WI.
Proposal 2: For LP-SS based RRM in idle/inactive mode, RAN4 shall start RRM requirement design after RAN1 has conclusions on LP-SS design and LP-SS based measurement metric. 
Proposal 3: In this R19 LP-WUR/LP-WUS WI, RAN4 to decide which alternative to use for RRM requirement design for LP-WUR
· Alternative 1: Firstly fix the target accuracy performance to be equivalent to the existing RSRP/RSRQ measurement accuracy (e.g., +/- 6dB as companies proposed in last meeting), and then decide the target SNR and sample number for LP-WUR based RRM requirement.
· Alternative 2: Firstly fix the target SNR side condition to be equivalent to the existing SNR side condition in current RSRP/RSRQ measurement requirement (e.g., -6dB or -4dB), and then decide the target accuracy and sample number for LP-WUR based RRM requirement.
· Alternative 3: Firstly fix the target coverage performance of LP-WUR to be equivalent to the existing MR (i.e., new target SNR = (existing target SNR) – (extra noise figure)), and then decide the target accuracy and sample number for LP-WUR based RRM requirement.
Proposal 4 (if adopt above alt 3): more discussion is needed to decide if SNR of -3dB(mainly for serving cell) or -6dB(mainly for neighbor cell) can be used to represent the equivalent coverage as PUSCH for msg3.
Proposal 5: the criteria design for RRM relaxation of UE MR for both serving and neighbor cell measurements can be left to RAN2 to decide, but RAN4 can investigate the mobility performance to quantify the relaxation, e.g., scaling factor for measurement period.
Proposal 6: RAN4 to discuss followings in IDLE/Inactive mode for MR offloading:
· whether LP-SS measurement in IDLE/Inactive mode shall follow LP-SS periodicity only or follow DRX/eDRX cycle. 
· how to perform MR offloading(based on LP-SS based measurement) if eDRX is configured with PTW.
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