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1. Introduction
[bookmark: _Hlk127303950]In the last meeting (RAN4#110-bis), RAN4 started the first discussion on the RRM requirements for Rel-19 low-power wake-up signal (LP-WUS) as a WI based on the approved objectives in the WID as captured below [1]. In this paper, we provide our view on the related RRM aspects, including RRM performance evaluation, SNR side conditions and measurement accuracy, where initial simulation assumption is discussed. The paper also addresses some other issues captured in the WF [2].
	[bookmark: _Hlk153295984]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).
· [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



2. Discussion
2.1. Target SNR
RAN4 need to discuss the RRM performance evaluation for LP-WUR in idle/inactive mode considering three parameters, including the side condition (i.e., the target SNR for measurement), measurement accuracy and number of samples. Different methodologies can be considered to define these parameters such as:
· Fixing the target SNR side condition (to be equivalent to the existing side condition for RSRP measurement e.g., -4dB), and then decide on the target accuracy and number of samples for LP-WUR based RRM requirement.
· Fixing the target accuracy (to be equivalent to the existing RSRP measurement accuracy e.g., +/- 6dB), and then decide on the target SNR and number of samples for LP-WUR based RRM requirement.
· Fixing the target SNR side condition and accuracy (to be equivalent to the existing RSRP measurement side condition and accuracy), and then decide on the number of samples for LP-WUR based RRM requirement.
However, in the last meeting, RAN4 made the following baseline agreement on the methodology on specifying LP-WUR RRM requirements as captured in the WF [2].
	Issue 2-2-1: Methodology on specifying LP-WUR RRM requirements at Idle/Inactive mode
Agreement: Agreement on the target SNR for RAN4 simulation:
· The outcome of RAN1’s study in Rel-19 WI on SNR/SINR target is used as the starting point for RAN4 LP-WUR requirement study. 
· Aspects not considered in RAN1 (if any) can be further discussed in RAN4. 



According to the agreement in Issue 2-2-1, RAN4 will use the outcomes of RAN1 decision on the target SNR value as a starting point. It was observed that the values discussed by RAN1 for the target SNR range between -3dB-6dB (i.e., under discussion). However, RAN1 discussion on the target SNR for LP-WUS/LP-SS signals is to meet PUSCH coverage for message3 (as noted in the WID above). Given any outcome from RAN1 discussion, RAN4 still need to consider other RF impairments which will impact the final decision on the target SNR.
In the legacy requirements, the side condition for RSRP accuracy requirements in Idle mode in FR1 is determined as -4dB. This value can be considered as starting point for RAN4 simulation assumption (even when assuming the minimum outcome from RAN1 discussion is -3dB). Therefore, RAN4 can start studying and evaluating the performance of LP-WUR using the same side condition as the existing one (i.e., -4dB for Idle mode in FR1). In this paper, we provide an initial evaluation for the simulation assumption using -4dB side condition and compare some preliminary simulation results with the LLS result observations in TR 38.869 [3].
Initial simulation assumption
In this section, we provide an initial list of simulation assumptions for LP-SS, considering OOK-4 with M=2 and applying -4dB for the target SNR as collected in Table 1.
[bookmark: _Ref166151254][bookmark: _Ref166151242]Table 1: Simulation assumption
	Attributes
	Assumptions

	Carrier Frequency
	2.6GHz

	Waveform
	OOK-4 (M=2)

	Overlaid OFDM sequence
	Random QPSK

	SCS
	30kHz

	LP-SS duration
	8 OFDM symbols

	Binary sequence for LP-SS
	[10010001]

	Code scheme
	1/2 Manchester code

	Channel BW
	20MHz

	LP-SS BW
	12RBs

	ASCI
	0dB

	Sampling rate
	7.68MHz

	ADC bit-width
	8-bit

	Channel
	TDL-C_300ns, 3km/h

	Frequency error
	Ideal

	SNR
	-4dB



Based on the above simulation assumption, we also provide some preliminary simulation results. The simulation results are demonstrated in Table 2 in terms of residual timing error and delta RSRP and are achieved at 90 percentiles of the CDF for the measured LP-SS. It can be noticed that the achieved results align with the LLS results observations in TR 38.869 [3] for the timing error in Table 8.3-2 (captured below). The timing error tolerance specified in Table 8.3-2 for OOK-4 M=2 is up to 3us, for which our initial results show that 1.37us timing error tolerance can be achieved at 90% when using -4dB side condition. Therefore, the above simulation assumptions are a good start for RAN4 discussion which can reuse the existing side condition from the Idle mode performance requirements.
Table 2: Initial simulation results.
	LP-SS Es/Iot
	SCS (kHz)
	LP-SS BW (PRBs)
	Residual timing error [90%]
	Delta RSRP [90%]

	-4dB
	30
	12
	1.37us
	1.82 dB



[image: ]
Figure 1: Timing error from TR 38.869 [3].  

Proposal 1: Given any outcome from RAN1 discussion on the target SNR, RAN4 still need to consider other RF impairments to determine the final value for the target SNR.
Proposal 2: RAN4 to evaluate the RRM performance for LP-SS using the existing side condition of the Idle mode performance requirements (i.e., -4dB for Idle mode in FR1).

2.2. Accuracy
In addition to the side condition, RAN4 also discussed the accuracy of LP-WUR RRM measurement as captured in the WF [2].
	Issue 2-2-3: Accuracy
Agreement:
RAN4 requirement for LP-WUR RRM measurement in Idle/inactive states:
· RAN4 to discuss the simulation assumptions considering the target SNR, accuracy and number of samples.
· RAN4 will define the delay requirement in core part, and further discuss whether/how to define the accuracy requirement.
For information only:
RAN4 requirement for LP-WUR RRM measurement in Idle/inactive states:
Options for further discussion (the options are only for information purpose)
· Option 1): Define the dedicated accuracy requirement in the performance section, FFS whether/how it can be verified in the test case.
· Option 2): No dedicated accuracy requirement in the performance section, and reflect the accuracy performance as a margin in the core requirement.
Option 2a): FFS accuracy requirement, and reflect the accuracy performance in delay requirement in core part. 
Other options are not precluded.



Since LP-WUR RRM measurement can be either based on LP-SS or existing PSS/SSS, the accuracy of RRM measurements might be different for each of them. However, both of them can be discussed with respect to the existing SS-RSRP accuracy in Idle mode for FR1.
Proposal 3: RAN4 to discuss different accuracies for LP-SS based LP-WUR RRM measurement and PSS/SSS based LP-WUR RRM measurement.
In the last meeting, it was also pointed out whether dedicated accuracy requirement in the performance section is required to be defined (i.e., similar to the EMR accuracy requirements), or the accuracy can be reflected in the core part as a margin. In the legacy specification of 38.133, accuracy requirements for Idle mode are defined in the performance section only for EMR as in section 10.1.2B, for which UE is required to report the measurements performed during the idle mode which can be verified in the test case. However, for LP-WUR, there is no such reporting for the performed RRM measurements. Therefore, it should be sufficient to define the accuracy requirement as a margin in the core part.
Proposal 4: No dedicated accuracy requirement in the performance section, and reflect the accuracy performance as a margin in the core requirement.


2.3. RRM relaxation/offloading
When LP-WUS monitoring is activated, MR can be deactivated such that UE power saving gain can be achieved. RRM measurements, as a result, can be offloaded from MR to LP-WUR and MR RRM relaxation can be achieved. In this context, RAN4 needs to specify MR RRM relaxation requirements for serving cell measurements in Idle/Inactive mode when 
· LP-SS based LP-WUR RRM measurement is activated, or
· PSS/SSS based LP-WUR RRM measurement is activated
Proposal 5: RAN4 to specify MR RRM relaxation requirements for serving cell measurements in Idle/Inactive mode when
· LP-SS based LP-WUR RRM measurement is activated, or
· PSS/SSS based LP-WUR RRM measurement is activated

In the last meeting, some companies also discussed MR RRM relaxation can be achieved based on the hybrid measurements of (LP-SS and SSS). However, in the WID it is noted that (as shown below) when LP-WUR is capable of receiving existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS (i.e., it is up to UE). Therefore, we don’t need to consider the hybrid measurements scenario for RRM relaxation as it is up to UE implementation. 
	· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.



Proposal 6: Not to consider RRM relaxation based on the hybrid measurements of both (LP-SS and SSS).

2.4. Entry/exit conditions
When UE supports LP-WUS/WUR, the low power receiver (LP-WUR) can be triggered to wake-up the MR transceiver such that a better UE power saving gain can be achieved. When LP-WUR is activated (i.e., LP-WUS monitoring is activated), the MR is deactivated to save UE power. Activating and deactivating LP-WUS monitoring can be based on several conditions, also called entry/exit conditions. These conditions can include  
· The reception of LP-WUS indicating the UE to wake up,
· UE UL transmission arrival,
· Serving cell quality (based on RRM measurements)
In the last meeting some companies mentioned that these conditions are more RAN2 related work. However, in our understanding this topic can be discussed in different groups as it has been also discussed in RAN1. RAN4 can discuss the RRM related requirements for entry/exit conditions taking into consideration RAN1/RAN2 design.
Proposal 7: RAN4 to discuss RRM related requirements for entry/exit conditions for LP-WUS monitoring taking into consideration RAN1/RAN2 design.




Summary
In this contribution, the following proposal is concluded:
Proposal 1: Given any outcome from RAN1 discussion on the target SNR, RAN4 still need to consider other RF impairments to determine the final value for the target SNR.
Proposal 2: RAN4 to evaluate the RRM performance for LP-SS using the existing side condition of the Idle mode performance requirements (i.e., -4dB for Idle mode in FR1).
Proposal 3: RAN4 to discuss different accuracies for LP-SS based LP-WUR RRM measurement and PSS/SSS based LP-WUR RRM measurement.
Proposal 4: No dedicated accuracy requirement in the performance section, and reflect the accuracy performance as a margin in the core requirement.
Proposal 5: RAN4 to specify MR RRM relaxation requirements for serving cell measurements in Idle/Inactive mode when
· LP-SS based LP-WUR RRM measurement is activated, or
· PSS/SSS based LP-WUR RRM measurement is activated
Proposal 6: Not to consider RRM relaxation based on the hybrid measurements of both (LP-SS and SSS).
Proposal 7: RAN4 to discuss RRM related requirements for entry/exit conditions for LP-WUS monitoring taking into consideration RAN1/RAN2 design.
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Table 8.3-2: Tolerance to timing error by waveform

Waveform Tolerance up to timing error [us] Note
GOK-1 30kHz SCS 5
OOK-1 60kHz SCS 3
OOK-1120kHz SCS 1
00K-3 7] single source
OOK-2 M=2 Z)
OOK-2 M=4 3
OOK-4 M=2 3
OOK4 M=4 1 [8B-2] shows that performance degrade more than 2dB for 1us, with
assumption of TDL-C 1000ns, but degrades <2dB for 1us with
assumption of TDL-C 300ns. The 300ns delay spread was baseline.
OOKA4 M>4 1
FSKM=1 2
FSK-1 M=2 1
FSK2M=2 2/3 [BB-11 [8B-17] sources showed tolerance up to 3us.
OFDMA 4 [8B-28] _shows that OFDMA can be tolerant up to dus.





