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1. Introduction
In RAN Plenary #102 meeting, WI for “Low-power wake-up signal and receiver for NR” was agreed [1]. The WI was further updated at RAN Plenary #103 meeting as [2]. The initial discussion for this topic was discussed at RAN4 110 bis meeting. In this contribution we provide our further consideration on this topic.   

2. Discussion
The objectives of WI are duplicated as below:
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 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

This topic was discussed at RAN4 110bis meeting and the WF is [4].
2.1. General aspects
2.1.1. For LP-SS based measurement requirements
According to WI, the following objective requires RAN4’s activities

· 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)
At idle states (RRC-IDLE and RRC-INACTIVE), UE need to perform RRM measurement, cell re-selection if necessary and paging monitoring. RRM measurement includes serving cell and neighbour cell measurement and whether neighbour cell measurement will be performed or not is determined by serving cell measurement quality. 

For the mechanism of serving cell RRM measurement offloading, fundamentally when the “entry conditions” is satisfied, i.e., the serving cell measurement quality is good, the serving measurement carried out by MR will be offload to LP-WUR and when serving cell measurement quality is deteriorated, the LP-WUR will trigger the MR and MR will perform legacy RRM measurements. Of course when LP-WUR identifies suitable paging indicator through LP-WUS, MR will be triggered for paging monitoring. 

For the requirements to be specified for the serving cell offloading, the following agreement have been agreed [4]:

Issue 2-1-1: Core requirements to be specified for LP-WUR measurement

Agreement: 

· At Rel-19 LP-WUR WI, for LP-WUR measurement, RAN4 specifies measurement requirements for the following:

· Measurement requirements for LP-WUR serving cell measurement based on LP-SS at Idle/Inactive state

· Measurement requirements for LP-WUR serving cell measurement based on existing PSS/SSS at Idle/Inactive state

· Other related requirements are FFS

For the measurement requirements for LP-WUR serving cell measurement based on LP-SS at Idle/Inactive state, the unclear part is whether to consider the option where LP-SS is overlaid on OFDM sequence(s). For this issue, RAN1 #116 meeting have the following options for further down-selection 
· RAN1 #116 Agreement
· Option 1: Do not specify the overlaid OFDM sequences(s) 

· Option 2: Specify the overlaid OFDM sequence(s) targeting for OOK waveform generation without targeting for sync and RRM measurement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.

· Option 3: Specify the overlaid OFDM sequence(s) targeting for OOK waveform generation and also targeting for sync and RRM measurement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.

And there is no further progress on this topic during RAN1 #116bis meeting. From RAN4 perspective, for “Measurement requirements for LP-WUR serving cell measurement based on LP-SS at Idle/Inactive state”, RAN4 should focus on requirements for LP-SS capable receiver initially and wait for more RAN1 progress on the option where LP-SS with overlaid OFDM sequences.  
Proposal 1: For the agreement “Measurement requirements for LP-WUR serving cell measurement based on LP-SS at Idle/Inactive state”, RAN4 should start study on requirements for LP-SS capable receiver and wait for more RAN1 progress on the option where LP-SS with overlaid OFDM sequences. 
2.1.2. Criteria for serving cell offloading 
According to WI, the following objective requires RAN4’s activities

· 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)
At idle states (RRC-IDLE and RRC-INACTIVE), UE need to perform RRM measurement, cell re-selection if necessary and paging monitoring. RRM measurement includes serving cell and neighbour cell measurement and whether neighbour cell measurement will be performed or not is determined by serving cell measurement quality. RRM relaxation, with the intention to achieve UE power saving gain, has been specified in Rel-16/Rel-17 UE power saving WI where the measurement for RRM purpose can be performed with a relaxed rate when particular conditions are satisfied. 
The mechanism of serving cell RRM measurement offloading is illustrated in the figure 1.  

When the serving cell measurement quality is good, the serving measurement carried out by MR will be offload to LP-WUR when the “entry conditions” is satisfied. When serving cell measurement quality is deteriorated, the LP-WUR will trigger the MR and MR will perform legacy RRM measurements. 
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Figure 1 Illustration of serving cell measurement offloading to LP-WUR
Criteria and corresponding entry/exit conditions will be used to control the MR and LP-WUR behaviour. 
Regarding the objective “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)”, since RAN4 is the main group for this objective, RAN4 should provide a clear picture regarding what should be done for this object. For the RRM relaxation for MR and serving cell RRM measurement offloaded to LP-WUR, to our understanding at least two cases - fully offloading case and partially offloading case should be supported. In detail, partially offloading case at least include the case where MR has RRM relaxation on serving cell measurement (the neighbour cell measurement is not triggered due to good cell quality) and LP-WUR performs serving cell measurement. The fully offloading case is MR stops perform any RRM measurement and LP-WUR performs serving cell measurement. 

At RAN2 125bis meeting, the following discussion has been made by RAN2
RAN2 125bis

On RRM relaxation of UE MR for serving cell measurements: RAN2 assumes RRM measurement relaxation on serving cell via MR if the configured criteria is fulfilled is possible, final decision is up to RAN4.
To our understanding RAN2 consider the case where MR has RRM relaxation on serving cell and neighbour cell measurement and LP-WUR performs serving cell measurement, however for the following 2 cases, RAN4’s conclusions is needed by RAN2 since RAN4 is the leading group for this objective.

Proposal 2:  For the UE serving cell RRM measurement offloaded from MR to LP-WUR, besides the case where MR has RRM relaxation on serving cell and neighbour cell measurement and LP-WUR performs serving cell measurement, the following cases should be supported in “UE serving cell RRM measurement offloaded from MR to LP-WUR”
Case 1: Fully offloading case - MR stops perform any RRM measurement and LP-WUR performs serving cell measurement. 
Case 2: Relaxed case - MR has RRM relaxation on serving cell measurement (no neighbour cell measurement is needed) and LP-WUR performs serving cell measurement. 

For the former objective, recalling previous UE power saving schemes such as Rel-16 UE power saving introduced in NR, or UE power saving scheme introduced during LTE stage, it is usual that the relaxation criteria/conditions are designed by RAN2 and RAN4’s involvement maybe triggered when necessary. To our understanding, same procedure can be used for idle/inactive state serving cell offloading scheme especially RAN2 has already carried out some study during the SI phase. Hence RAN2 could be the main group on designing the “necessary conditions” including criteria and corresponding thresholds in this objective.

Proposal 3: RAN2 is be the main group on designing the “necessary conditions” including criteria and corresponding threshold in the objective “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” 
Although the detail of criteria will be designed by RAN2 to our understanding, RAN4 still could discuss which criteria used for which case or the number of total criteria from the top level. At previous RAN4 meeting, the following issue are related to criteria for LP-WUS monitoring and serving cell offloading:
Issue 2-1-3: Criteria (entry/exit conditions) for LP-WUR measurement 

Issue 2-1-4: Criteria (entry/exit conditions) for MR RRM measurement relaxation  

Issue 2-4-1: Entry/exit condition for LP-WUS monitoring

For the former issues the following case should be avoided to our understanding:

The case when the UE uses MR for serving cell RRM measurement and use LP-WUR for paging monitoring. The validity of this case is also questionable since according to [3], there is no power saving gain. 

To avoid the former case and considering the robustness and simplicity from system point of view, same criteria and same/different entry/exit conditions can be used for LP-WUS monitoring and serving cell RRM measurement offloading.  
Proposal 4: Same criteria and same/different entry/exit conditions can be used for LP-WUS monitoring and serving cell RRM measurement offloading. 
2.2. LP-WUR requirements at RRC_IDLE/INACTIVE state 

2.2.1. Methodology for obtaining SNR target 
The delay requirements should jointly consider number of samples, which is related to LP-SS periodicity, accuracy, SNR target x and bandwidth of LP-SS if necessary. 
Traditionally RAN4 uses system level simulation to evaluate the SNR target/side conditions (Es/Iot) and other parameters such as number of cells to be measures of a frequency layer. For side conditions, SINR at 5%/95% of the downlink SINR CDF is used as the reference. The approved system level simulation assumptions can be found at [4]. However for LP-WUR, it is indicated in the note of WID [2] that “the target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.” The coverage of LP-WUR matches to PUSCH for message 3 hence the legacy methodology used by RAN4 to find the SNR target through system information on the downlink cannot be reused. At previous RAN4 meeting the following agreement is available:
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. 

At RAN1 116bis there is no further progress on this issue hence RAN4 needs more time on RAN1’s progress on SNR target. In addition, wording “SNR/SINR” was used in former RAN4 agreements due to different understanding regarding RAN1’s simulation assumption. To our understanding RAN1’s study considered the impact of interference on the LP-SS. 
Proposal 5: Update the wording of previous agreement as “The outcome of RAN1’s study in Rel-19 WI on SINR target is used as the starting point for RAN4 LP-WUR requirement study”.
2.2.2. Measurement metrics
For the measurement metrics, RAN1 116bis has the following agreements:

RAN1 116bis

Agreement
Support to specify multiple binary LP-SS sequences for the ‘ON-OFF’ pattern:

· The LP-SS sequence used in a cell is

· Option 1: a sequence is configured

· Option 2: a sequence is determined by predefined rule

· FFS: Whether both options will be supported or only one will be supported

· FFS: the number of LP-SS sequences
· Note: Multiple sequences are used to differentiate LP-SS from different cells

Agreement
From RAN1 perspective, at least the following metrics can be supported for RRM serving cell measurement performed by OOK-based receiver based on LP-SS:

· LP-RSRP

· LP-RSRP is the linear average of received power of LP-SS in OOK ON symbols.
· FFS: How to determine the received power of LP-SS in OOK ON symbols

· LP-RSRQ

· LP-RSRQ = LP-RSRP/LP-RSSI
· For the definition of LP-RSSI for determination of LP-RSRQ, further consider the following options:
· Option 1: LP-RSSI is the linear average of total received power in all LP-SS OOK symbols.

· Option 2: LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbols.
· Option 3: LP-RSSI is the linear average of total received power in LP-SS OOK ON symbols.
RAN1 has the definition for LP-RSRP and the received power is for FFS. For SSB based RRM measurement, 20ms SSB periodicity are used for RRM performance evaluations in most scenarios. As described in the WID, 320ms is the start point for the periodicity of LP-SS. At first glance using legacy serving cell measurement as an example, where the requirements at [5] demands that the samples set for measurement filtering consists of at least two samples separated by idle/inactive DRX/2. Considering the 320ms LP-SS periodicity, within 320ms two samples can be collected and the number of samples are sufficient for the shortest idle/inactive DRX with 320ms periodicity. 

Proposal 6: RAN4 could consider LP-RSRP initially and uses 320ms as the LP-SS periodicity for requirement study.  
2.2.3. Entry/exit conditions

For the entry/exit conditions for serving cell RRM measurement offloading, RAN1 116bis meeting has the following progress. 

RAN1 116bis

Working Assumption

From RAN1 perspective, for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode,

· The UE may start LP-WUS monitoring if
· the serving cell measurement performed by the MR is above entry threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· If UE starts LP-WUS monitoring, it may stop the legacy PO monitoring before UE receives LP-WUS indicating wake-up
· The UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if

· the serving cell measurement performed by the LR is below exit threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· FFS the serving cell measurement metrics
· The entry/exit thresholds can be configured separately for different types of LR
· It is left to RAN2 discussion whether the threshold(s) are always configured by the gNB. 

· Note: This may be revisited based on the RAN2/RAN4 discussion.
From the RAN1’s working assumption, the entry conditions will be based on measurement results at least from MR and the exit conditions could be based on measurement results at least from LP-WUR, which is the most straightforward solution to our understanding. From RAN4’s perspective, it is suggested that this working assumption from RAN1 is used in RAN4’s initial simulation if there is no further RAN1’s conclusion at that time. RAN4’s simulation assumption could be further updated if there is any further RAN1’s conclusion, for example any future conclusion on the FFS part.  

Proposal 7: The entry/exit conditions for LP-WUS monitoring in RAN4’s initial simulation could be based on RAN1 116bis’s working assumption, i.e., the entry conditions will be based on measurement results from MR and the exit conditions will be based on measurement results from LP-WUR. 
2.2.4. Accuracy

For the functionality of serving cell RSRP/RSRQ measurement offloading to LP-WUR and when LP-WUR performs serving cell measurement, compared with the offload behavior (entry) which at least could be triggered by MR whose performance is well studied/understood, the fallback behavior (exit) is triggered at least by LP-WUR according to RAN1 116bis agreement. The fallback or MR waking up should be triggered promptly and accurately. The promptness will guarantee the MR to be triggered in time which lead to less impact on paging reception and UE mobility. The accuracy will reduce the false alarm rate and ping-pong between different states in serving cell measurement offloading scheme. 
The accuracy has been discussed at previous RAN4 meeting and the following proposals are available [8]:

Issue 2-2-3: Accuracy

· Proposals 

· P1: The accuracy requirement defined in section 10.1.2B of TS38.133 introduced for Rel-16 EMR can be used as the base when defining requirements for LP-WUR serving cell measurement. (vivo) 

· P1-1: Further relaxation on the accuracy target based on reference accuracy maybe needed, the amount of relaxation could be based on RAN4’s simulation outcome. (vivo)

· P2: Take the legacy measurement accuracy for Connected Mode (TS 38.133 Clause 10.1.2.1.1) as baseline for LP-SS measurement. (CMCC oppo)

· P3: If LP-SS overlaid with OFDM,  RAN4 may consider the related RRM measurement requirements such as accuracy requirements based on LP-SS and the legacy can be the baseline (ZTE)

Since only serving cell measurement is considered for LP-WUR, “Intra-frequency RSRP accuracy requirements for FR1 for CA/DC Idle Mode Measurements” can be used as the reference, which is the cause of proposal 1. The corresponding requirements are:

· At FR1 the absolute intra-frequency RSRP accuracy requirements for a NR UE is (6 dB when the SSB Ês/Iot is (-4 dB according to Table 10.1.2B.1.1-1 of [6]. 

· At FR1 the absolute intra-frequency RSRQ accuracy requirements for a NR UE is (4 dB when the SSB Ês/Iot is (-3 dB according to Table 10.1.7B.1.1-1of [6]. 

Considering the limited capability of LP-WUR, it is more like Recap UE with 1 Rx from capability point of view, which is the cause of proposal 3. Using 1Rx Redcap UE as the reference, the following conclusions are available: 

At FR1 the absolute intra-frequency RSRP accuracy requirements is (5.5 dB when the SSB Ês/Iot is (-6 dB according to Table 10.1A.2.1.1-1 of [6].

For a NR UE at FR1 the absolute intra-frequency RSRP accuracy requirements for a NR UE or RedCap UE capable of 2Rx is (4.5 dB when the SSB Ês/Iot is (-6 dB according to Table 10.1.2.1.1-1 of [6]. 

For RSRQ requirements, for 1Rx Redcap UE, the absolute intra-frequency RSRQ accuracy requirements is (3.5 dB when the SSB Ês/Iot is (-3 dB according to Table 10.1A.6.1.1-1of [6]. For a normal UE, the absolute intra-frequency RSRQ accuracy requirements is (2.5 dB when the SSB Ês/Iot is (-3 dB according to Table 10.1A.6.1.1-1of [6].

Among the former requirements, the capability of Redcap with 1Rx is more similar to that of LP-WUR and the accuracy of Redcap 1Rx can be used as a base. The accuracy requirements defined in 10.1.2B at idle mode is also straightforward to be used as the reference accuracy for WI phase study. The accuracy target could be further relaxed for related measurement metric like RSRP due to simplified functionality (serving cell measurement offloading) performed by LP-WUR.

Proposal 8: The accuracy requirement defined for Redcap with 1Rx can be used as the base when defining requirements for LP-WUR serving cell measurement. 
In addition, considering the limited capability of LP-WUR, for example the noise figure, the accuracy reference may need further relaxation and the amount of relaxation could be based on RAN4’s simulation outcome.  
Proposal 9: Further relaxation on the accuracy target based on reference accuracy maybe needed. The amount of relaxation could be based on RAN4’s simulation outcome.
2.2.5. MR RRM relaxation

As indicated in the WID, RAN4 needs “specify further RRM relaxation of UE MR for both serving and neighbor cell measurements”. Regarding RRM relaxation, various RRM relaxation schemes at idle/inactive state have been specified since Rel-16. From RAN4 point of view, one of the focuses of these RRM relaxation schemes are the scaling factor based on the introduced criteria and corresponding conditions. The relaxation factors are listed in the follow table for reference. 
Table 1 Exiting RRM measurement criteria and corresponding relaxation 

	
	Rel-16 low mobility criteria
	Rel-16 Not-at-cell-edge criteria
	Rel-16 Both low mobility and Not-at-cell-edge criteria
	Rel-17 stationary criteria (Redcap)
	Rel-17 stationary and not-at-cell edge criteria (Redcap)

	Measurement relaxation factor for neighbour cell measurement (intra/inter frequency measurement and inter-RAT measurement when applicable)
	3 times
	3 times
	1 hour
	6 times
	4 hours


Study on the power saving gain when MR enters RRM relaxation mode compared with I-DRX with or without PEI has been carried out at SI phase for LP-WUS duty-cycled monitoring and continuously monitoring, the results are captured in the section 8.1.1.5 and 8.1.1.6 in [3] and summarized in the following table: 
Table 2 Power saving gain against MR relaxation times 
	MR RRM relaxation times
	mean power saving gain average (LP-WUR duty-cycled mode)
	mean power saving gain average (LP-WUR continuously mode)

	MR relaxed < 8 times
	average: 4%,
	average: 22%

	8 times<= MR relaxed <=16 times
	average: 40%,
	average: 32%

	MR relaxed > 16 times
	average: 60%,
	average: 57%

	MR offload RRM to LR
	average: 83%,
	average: 74%


From the above outcome apparently the fully offloading mode where MR does not perform any RRM measurement achieves the maximum power saving gain when the serving cell RRM measurement is offloaded to LP-WUR. It is also observed a significant power saving gain increase happens when the relaxation times of MR changes from less than 8 to between 8 and 16 for the LP-WUR duty-cycled mode. In general, 8 relaxation times is needed to achieve a reasonable 40% power saving gain base on the table 2. Considering the fully offloading mode where MR does not perform any serving cell measurement and 1 hour/4 hour relaxation on neighbour cell measurement when UE satisfied dual relaxation criteria defined Rel-16/Rel-17 respectively, it is suggested to consider relaxation factors within the range from 8 to 16 as the starting point for the relaxation factor for the MR RRM relaxation. 

Proposal 10: Consider relaxation factors within the range from 8 to 16 as the starting point for the relaxation factor for the MR RRM relaxation. 

Regarding higher priority frequency layer search for inter-frequency or inter-RAT, the corresponding requirements are relaxed under the conditions when UE fulfills low mobility criterion or UE fulfills low mobility and not-at-cell edge criterion in Rel-16. RAN4 should consider relaxation on higher priority frequency layer search requirements based on “conditions” defined by RAN2. 
Proposal 11: RAN4 should consider relaxation on higher priority frequency layer search requirements based on “conditions” defined by RAN2.
2.3. LP-WUR connected mode
The part corresponding to CONNECTED mode from the WID are copied below:

· 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
The RAN4’s RRM task for RRC_Connected mode was discussed at RAN4 110bis meeting under the following issue: 
Issue 2-5-1: LP-WUR at CONNECTED mode

· Proposals 

· P1: No RRM objectives is for connected mode in this WI. (Apple vivo Xiaomi LG Nokia, ZTE)

· P1-1: No impact on existing RRM requirements at connected mode (Samsung) 

· P2: Consider this issue later

· FFS whether need to introduce LP-WUS monitoring activation and deactivation delay requirements pending on RAN2/RAN1 progress (Samsung)

· RAN4 to wait for RAN1 and RAN2 progress before defining any requirements for CONNECTED mode. (Nokia)

· RAN4 should address issues, if any, related to CONNECTED mode at a later stage (Qualcomm)

The view from companies is either no RAN4 RRM involvement for RRC_Connected mode or FFS, and in the WID it is also no RAN4 task. It is suggested no RAN4 RRM involvement at least at the beginning stage.  

Proposal 12: No RAN4 RRM involvement is required for CONNECTED mode at the early stage.
2.4. Simulation assumptions and initial simulation results  

Base on the working plan and the progress of LP-WUR WI, we would like to trigger the initial discussion on simulation assumptions. Initial simulation assumptions are proposed in this section and companies are encouraged to propose simulation assumption for alignment in future meeting. 
Proposal 13: Suggest to consider the following initial simulation assumptions for LP-WUR RRM measurement requirements. Companies are encouraged to propose simulation assumptions for alignment in future meeting. 
Table 1: General parameters

	Simulation parameters
	Comments/values

	Carrier frequency for Cell 1 and Cell 2
	FR1: 2.6 GHz/700MHz

	System bandwidth
	20/100 MHz;

	Prior knowledge of Cell 1 / Cell 2 by the UE
	No / Yes

	DRX
	No

	BS transmit antennas for LP-SS blocks
	1 tx or single layer transmissions

	UE receive antennas
	1 rx 

	Data and control channel subcarrier spacing
	OFDB based: The same as SS block subcarrier spacing
OOK based: the same as one of the SCS(s) used for other NR transmissions in the same CP-OFDM symbol 


	Measurement period (in number of measurement samples)
	 OOK based: 5, other number of samples may also be studied upon a need

OFDM based: 5 

	[Receiver Filter]
	[5th Order Butterworth with 4.32MHz bandwidth]

	[Receiver ADC bit width]
	[4/8-bitADC]

	[Receiver Sampling Rate for LP-SS only]
	[3.84/7.68MHz]

	· Subcarrier spacing
	2.6GHz: 15 kHz and 30 kHz; 700MHz: 15kHz

	· Number of LP-SS blocks per SS burst set, K
	[1]

	· LP-SS/SSB burst periodicity
	[320 ms]
OFDB based: [20 ms]

	· Number of transmit antenna ports
	1 (the same port for NR-SSS, NR-PSS, NR-PBCH)

	· LP-SS block BW
	· 144 subcarriers for SCS=30kHz, 288 subcarriers for SCS=15kHz 

	· Actual LP-SS block transmissions
	always transmitted


Table 2: Cell-specific parameters

	Parameter
	Unit
	Cell 1
	Cell 2

	RF Channel number
	-
	Channel 1
	Channel 1

	NR-PSS,NR-SSS and LP-SS sequences
	-
	To be indicated by companies
	To be indicated by companies

	PBCH and DMRS power offset with respect to NR-PSS, NR-SSS and LP-SS
	dB
	0
	0

	Data and control PSD relative to NR-PSS,NR-SSS and LP-SS
	dB
	0
	0

	RB Utilization
	%
	100
	100

	LP-SS
	
	OOK-1;

OOK-4 with M = 2,4;
	OOK signal: [OOK-1 when Cell 1 is OOK-1;OOK-4 when Cell 1 is OOK-4]

Or NR signal

	LP-SS pattern
	
	Company report
	Company report

	Data Modulation
	-
	[OOK based: OOK]

[OFDM based: QPSK]
	[OOK based: QPSK/OOK]

[OFDM based: QPSK]

	Slot length
	-
	14 symbols
	14 symbols

	CP Length
	-
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	[TBD]
	[TBD]

	1)Relative Delay of 1st Path (synchronous)
	µs
	0
	[CP/2]

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	Ms
	0
	[3 ms]

	SNR 
	dB
	OFDM based: [TBD]
OOK based: [TBD]

	OFDM based: [TBD]
OOK based: [TBD] 


	Es/IoT (calculated from SNR)
	dB
	N/A
	OFDM based: [TBD]
OOK based: [TBD]


	Propagation conditions
	-
	FR1:

AWGN

TDL-A 30ns

TDL-B 100ns

TDL-C 300ns



	UE speed
	
	FR1: 30 km/h

	NOTE: the companies are encouraged to state channel model parameters together with the results, the parameters are to be further discussed and aligned


We provide our initial simulation results as below. In simulation, LP-SS serves synchronization and RRM measurement purpose. 

For RRM, the number of LP-SS samples within 1.28s I-DRX cycle to achieve measurement accuracy under SNR= -3 dB is evaluated. The evaluated SNR =-3 dB is lower than required SNR for Msg3 PUSCH coverage (SNR=6.59dB) to reserve margin for timely identification of poor coverage. Cases with M=2, 4 and 8 for OOK-4 sequence however same overhead of 2 OFDM symbols are evaluated. In our simulation, we assume a frequency offset of 200ppm and a time offset of 1.6us, more simulation details can be found in Appendix. LP-WUR will first use LP-SS for synchronization, then use OOK ON chip for signal power estimation and OOK OFF chip for noise estimation for RSRP and RSRQ measurement. It can be seen that M value barely impact RRM performance, though the synchronization performance is slightly different for different M. 

Considering limited capability of LP-WUR, existing RAN4 requirement on accuracy for absolute SS-RSRP and SS-RSRQ for 1 Rx Redcap UE (e.g., Table 10.1A.1.1-1 and Table 10.1A.6.1-1 in TS38.133) is more proper than the requirement for normal UE as reference, i.e., ±5.5dB RSRP measurement accuracy and ±3.5dB RSRQ measurement accuracy. Generally speaking, the RRM measurement requirements of RAN1 needs to leave a certain margin for RAN4, which we assume 1.5 - 2dB here. Therefore, for RRM measurement performed by LP-WUR based on LP-SS, the requirement for RSRP measurement accuracy is ±4dB and for RSRQ measurement accuracy is ±2dB. 

Based on our evaluation, LP-SS can meet RSRP measurement requirement by 2 samples and meet RSRQ measurement requirement by 3 samples at SNR = -3 dB under TDL-C channel.
· For RSRP accuracy requirement within range ±4dB for 90% measurements, 

· For SNR = -3 dB under TDL-C channel, LP-SS, RSRP measurement with 1 sample are almost within accuracy range (5.04+4.32)/2=4.68dB

· For SNR = -3 dB under TDL-C channel, LP-SS, RSRP measurement with 2 sample are almost within accuracy range (3.48+2.88)/2=3.18dB

· For RSRQ accuracy requirement within range ±2dB for 90% measurements, 

· For SNR = -3 dB under TDL-C channel, LP-SS, RSRQ measurement with 2 sample are almost within accuracy range (2.58+1.9)/2=2.24dB 

· For SNR = -3 dB under TDL-C channel, LP-SS, RSRQ measurement with 3 sample are almost within accuracy range (1.94+1.64)/2=1.79dB
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	a).RSRP measurement with 1 sample
	b). RSRP measurement with 2 sample
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	c). RSRQ measurement with 2 sample
	d). RSRQ measurement with 3 sample


Figure 1: CDF of RSRP & RSRQ measurement accuracy based on LP-SS at SNR= -3 dB 

Observation 1: For RRM measurement purpose, UE can satisfy RSRP measurement accuracy based on 2 LP-SS samples and satisfy RSRQ measurement accuracy based on 3 LP-SS samples at SNR = -3dB under TDL-C channel based on 320ms periodicity of LP-SS.  

3. Conclusion
In this contribution, we provide our considerations on the LP-WUS/WUR WI and have the following observations and proposals. 

Observation 1: For RRM measurement purpose, UE can satisfy RSRP measurement accuracy based on 2 LP-SS samples and satisfy RSRQ measurement accuracy based on 3 LP-SS samples at SNR = -3dB under TDL-C channel based on 320ms periodicity of LP-SS.  

Proposal 1: For the agreement “Measurement requirements for LP-WUR serving cell measurement based on LP-SS at Idle/Inactive state”, RAN4 should start study on requirements for LP-SS capable receiver and wait for more RAN1 progress on the option where LP-SS with overlaid OFDM sequences. 
Proposal 2: For the UE serving cell RRM measurement offloaded from MR to LP-WUR, besides the case where MR has RRM relaxation on serving cell and neighbour cell measurement and LP-WUR performs serving cell measurement, the following cases should be supported in “UE serving cell RRM measurement offloaded from MR to LP-WUR”

Case 1: Fully offloading case - MR stops perform any RRM measurement and LP-WUR performs serving cell measurement. 
Case 2: Relaxed case - MR has RRM relaxation on serving cell measurement (no neighbour cell measurement is needed) and LP-WUR performs serving cell measurement. 

Proposal 3: RAN2 is be the main group on designing the “necessary conditions” including criteria and corresponding threshold in the objective “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” 
Proposal 4: Same criteria and same/different entry/exit conditions can be used for LP-WUS monitoring and serving cell RRM measurement offloading. 
Proposal 5: Update the wording of previous agreement as “The outcome of RAN1’s study in Rel-19 WI on SINR target is used as the starting point for RAN4 LP-WUR requirement study”.
Proposal 6: RAN4 could consider LP-RSRP initially and uses 320ms as the LP-SS periodicity for requirement study.  
Proposal 7: The entry/exit conditions for LP-WUS monitoring in RAN4’s initial simulation could be based on RAN1 116bis’s working assumption, i.e., the entry conditions will be based on measurement results from MR and the exit conditions will be based on measurement results from LP-WUR. 
Proposal 8: The accuracy requirement defined for Redcap with 1Rx can be used as the base when defining requirements for LP-WUR serving cell measurement. 
Proposal 9: Further relaxation on the accuracy target based on reference accuracy maybe needed. The amount of relaxation could be based on RAN4’s simulation outcome.
Proposal 10: Consider relaxation factors within the range from 8 to 16 as the starting point for the relaxation factor for the MR RRM relaxation. 

Proposal 11: RAN4 should consider relaxation on higher priority frequency layer search requirements based on “conditions” defined by RAN2.

Proposal 12: No RAN4 RRM involvement is required for CONNECTED mode at the early stage.

Proposal 13: Suggest to consider the following initial simulation assumptions for LP-WUR RRM measurement requirements. Companies are encouraged to propose simulation assumptions for alignment in future meeting. 
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