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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]. In this contribution, we provide the work plan for RRM core part based on the [1] and [2].  

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

In this contribution we provide our considerations of the following aspects for this WI.
2.1. LP-WUR idle/inactive mode
2.1.1. 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. 

During SI phase, RAN2 #123 meeting’s agreement on entry and exit conditions are defined as below:

Offloading (entry conditions): Entry condition(s) of using LP-WUS include at least good serving cell quality, e.g. the serving cell quality measurement on LR and/or serving cell quality measurement on MR is better than configured threshold(s) in SIB. Other condition(s) is not precluded/FFS. 
Fall back (exit conditions): The exit condition(s) includes at least out of coverage of LP signaling, e.g. the serving cell quality measured by LR is less than the configured threshold in SIB, FFS on measurement on MR. 
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Figure 1 Illustration of serving cell measurement offloading to LP-WUR
Regarding the RRM relaxation for MR and serving cell RRM measurement offloaded to LP-WUR, to our understanding at least two states - fully offloading and partially offloading should be supported. In detail, one state (state 1) is MR has RRM relaxation on serving cell and neighbour cell (if there is any) measurement and LP-WUR performs serving cell measurement. Another state (state 2) is MR stops perform any RRM measurement and LP-WUR performs serving cell measurement. Of course the legacy state where MR performs legacy RRM measurement and LP-WUR is shut down. 
Observation 1: For the UE serving cell RRM measurement offloaded from MR to LP-WUR, besides the legacy state, at least the following new states can be identified and should be supported
State 1: MR has RRM relaxation on serving cell and neighbour cell (if there is any) measurement and LP-WUR performs serving cell measurement. 

State 2: MR stops perform any RRM measurement and LP-WUR performs serving cell measurement. 

Naturally the next question is what is the criteria and entry/exit conditions to control the MR and LP-WUR moves between these new states if necessary and moves between new states and the legacy states. Apparently, the entry/exit conditions could be based on measurement results from MR or LP-WUR, which was also concluded at RAN2 #124 that “RAN2 has studied the entry and exit condition of using LP-WUS, and concluded the condition(s) could be at least based on the measurement on at least serving cell quality using LR and/or MR.” 

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” 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 1: RAN2 could be the main group on designing the “necessary conditions” 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”, where the conditions is used to control how UE moves between legacy state and new states in observation 1. 
Another question is whether the MR RRM relaxation and UE serving cell RRM measurement offloaded from MR to LP-WUR are triggered simultaneously or separately. Logically RRM relaxation for MR and serving cell RRM measurement offloading to LP-WUR could be triggered separately by using different criteria and corresponding entry/exit conditions whereas it is also possible to trigger these two actions simultaneously, at least for the purpose of design simplicity.  
Proposal 2: MR RRM relaxation and serving cell RRM measurement offloaded to LP-WUR could be triggered simultaneously.  
2.1.2. LP-WUR RRM requirements
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 is highly likely to be triggered by MR whose performance is well studied/understood for a long period the fallback behavior (exit) is triggered by LP-WUR, i.e., when the operating environment is deteriorating, which could be identified through LP-WUR RRM measurement, the LP-WUR shall wake the MR up. The fallback or MR waking up should be triggered promptly and has sufficient accuracy. The promptness will guarantee the MR to be triggered in time which lead to less impact on paging reception and UE mobility. The sufficient accuracy will reduce the false alarm rate and ping-pong between legacy state and new states introduced by serving cell RRM measurement offloading. 
Observation 2: Measurement quality of LP-WUR, explicitly indicated in RAN2’s agreement, is crucial in order to guarantee the offloading/fallback (entry/exist) behavior, as well as the serving cell measurement carried out by LP-WUR. 

The aforementioned promptness and accuracy should be guaranteed by corresponding requirements, which will be introduced to LP-WUR at idle/inactive state. Considering legacy requirements in idle/inactive state, at some scenarios only delay requirements are defined, for example only delay requirements on RRM measurement, evaluation and detection are defined for cell reselection in Rel-15 whereas accuracy requirements are not explicitly defined. One possible way is to use the same routine when defining LP-WUR serving cell measurement at idle/inactive mode however it is also possible to explicitly capture accuracy requirements in the specification like what has been done for Rel-16 for CA/DC idle mode Measurements. In addition, since two receiver types are identified for LP-WUR, RAN4 needs define requirement for these two different type of LP-WUR receivers and the final requirements maybe receiver type dependent. In summary we suggest:
Proposal 3: RAN4 specifies delay requirements for the following: 
· Delay requirements for LP-WUR (OOK capable) measurement based on LP-SS

· Delay requirements for LP-WUR (OFDM capable) measurement based on existing SSB 
Accuracy needs be considered when defining delay requirements by RAN4. 

2.1.2.1 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. RAN4 needs identify new methodology on how to find SNR target through system level simulation. However similar work has been studied by RAN1 and the SNR target outcome from RAN1 could be used as the base for RAN4 study, which will avoid redundant work between different groups and make better progress. 
Observation 3: Since the target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3, traditional RAN4’s methodology to obtain SNR target x based on downlink is not suitable to derive SNR target for LP-WUR for serving cell measurement. 

Proposal 4: The outcome of RAN1’s study on SNR target could be used as the base for RAN4 LP-WUR requirement study to avoid redundant work between different groups and make better progress.
2.1.2.2 Accuracy
As aforementioned the accuracy is very important to guarantee the fallback function of serving cell RRM measurement offloading. The accuracy for LP-WUR fallback function has been discussed at RAN4 SI. At [5], the following proposals are available:
Issue 1-2-3: Accuracy 

· Proposals 

· P1: The accuracy requirement defined in section 10.1.2B/10.1.7B of TS38.133 for RSRP/RSRQ can be used as the base for serving cell measurement offloading to LP-WUR study. (vivo xiaomi)
· P2: In RAN4’s view, a desired accuracy of +/-4.5 to +/-6db can be targeted for the LP-SS/SS based measurements by the LP-WUR. Note that the exact accuracy levels shall be specified during the WI phase. (QC)

· P3: The 1 Rx RedCap measurement accuracy requirements are used as reference for the study of LP-WUR measurements. (Ericsson)
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].

In the end, the SNR target X and accuracy requirements specified for CONNECTED state measurement performance can be used as the reference as well. Since the LP-WUR only performs the serving cell measurement at idle/inactive state, the intra-frequency accuracy requirements defined in [6] can be used as the accuracy reference. The logic is if the connected state accuracy requirements, which should be stricter than that of idle/inactive state, are satisfied, then the quality of serving cell measurement carried out by LP-WUR will be guaranteed and the fallback triggering will be sufficiently accurate, which to our understanding, is the cause of proposal 2. However the reference by adopting proposal 2 could be too strict considering it is for idle/inactive state and the capability of LP-WUR.   

Among the former methods, the accuracy requirements defined in 10.1.2B at idle mode is more 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 5: 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. 
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 6: Further relaxation on the accuracy target based on reference accuracy maybe needed. The amount of relaxation could be based on RAN4’s simulation outcome.
2.1.2.3 Noise figure impact
One challenge for the LP-WUR is due to its architecture, the noise figure of a LP-WUR could be much deteriorated compared with a MR. The range of noise figure for LP-WUR with different architecture is listed in [3].

During RAN4 SI phase it concluded that the determination of SNR target for serving cell RSRP/RSRQ measurement offloading to LP-WUR should consider at least the NF difference between LP-WUR and MR and the applicable coverage conditions of LP-WUR [3]. To our understanding, this means the SNR target X for MR will be adjusted by considering the practical noise figure of LP-WUR receiver. For example when the SNR target X is -6 dB for a MR and the NF gap (the amount of NF degradation between the LP-WUR and MR) is 5 dB, then the SNR target X seen by the LP-WUR will be -11 dB. 
Proposal 7: The SNR target X input from RAN1 should be adjusted by considering the practical NF of a LP-WUR receiver. Assuming the NF gap ∆ is ∆ = NF (LP-WUR) – NF (MR), then the new SNR target X adjusted after considering the NF of LP-WUR is X = X - ∆

2.1.2.4 LP-SS periodicity
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 [3] 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. Another issue is the impact on the frequency/time sync since the periodicity of LP-SS is much longer compared with legacy SSB. The impact could be further studied by RAN4 with the assumption of 320ms LP-SS periodicity. 

Proposal 8: RAN4 uses 320ms as the LP-SS periodicity for requirement study.  
2.1.3. 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 9: 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 10: RAN4 should consider relaxation on higher priority frequency layer search requirements based on “conditions” defined by RAN2.
2.1.4. Entry/exit condition for LP-WUS monitoring
According to WI, the following objective requires RAN4’s activities

· 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)
For this item, basically the procedure and configuration design for LP-WUS indicating paging monitoring, and subsequent issues like sub-grouping are RAN1/2 task. The design on entry/exit conditions for LP-WUS monitoring is related to RAN4 RRM. For the entry/exit conditions for LP-WUS monitoring, it is normal that explicit entry/exit conditions are specified to define UE behaviour regarding whether to operate with LP-WUS monitoring. The conditions can be defined based on UE measurement, e.g., RSRP of some reference signals. As there can be UEs with different WUR capabilities in a cell, the reference signal used for measurements and thus the conditions can depend on the WUR capability. The explicitly defined entry/exit conditions for LP-WUS monitoring can also be used for other purposes such as the conditions when MR entry/exit RRM measurement relaxation mode. In general, to our understanding the design is still mainly RAN2/1 task and RAN4’s involvement can be triggered by LS from other groups if necessary. 

Proposal 11: For the entry/exit conditions for LP-WUS monitoring, it is mainly RAN2/1 task and RAN4’s involvement can be triggered by LS from other groups if necessary.

2.2. 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
From the WID, no RAN4’s involvement is required.
Observation 4: No RAN4’s involvement is required for CONNECTED mode.
2.3. Simulation assumptions and initial simulation results  

In this section initial simulation results are provided. 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
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Figure 1: CDF of RSRP & RSRQ measurement accuracy based on LP-SS at SNR= -3 dB 

Observation 5: 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 initial considerations on the LP-WUS/WUR WI and have the following observations and proposals. 

Observation 1: For the UE serving cell RRM measurement offloaded from MR to LP-WUR, besides the legacy state, at least the following new states can be identified and should be supported
State 1: MR has RRM relaxation on serving cell and neighbour cell (if there is any) measurement and LP-WUR performs serving cell measurement. 

State 2: MR stops perform any RRM measurement and LP-WUR performs serving cell measurement. 

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.  

Observation 2: Measurement quality of LP-WUR, explicitly indicated in RAN2’s agreement, is crucial in order to guarantee the offloading/fallback (entry/exist) behavior, as well as the serving cell measurement carried out by LP-WUR. 

Observation 3: Since the target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3, traditional RAN4’s methodology to obtain SNR target x based on downlink is not suitable to derive SNR target for LP-WUR for serving cell measurement. 

Observation 4: No RAN4’s involvement is required for CONNECTED mode.
Observation 5: 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: RAN2 could be the main group on designing the “necessary conditions” 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”, where the conditions is used to control how UE moves between legacy state and new states in observation 1. 
Proposal 2: MR RRM relaxation and serving cell RRM measurement offloaded to LP-WUR could be triggered simultaneously.  
Proposal 3: RAN4 specifies delay requirements for the following: 
· Delay requirements for LP-WUR (OOK capable) measurement based on LP-SS

· Delay requirements for LP-WUR (OFDM capable) measurement based on existing SSB 
Accuracy needs be considered when defining delay requirements by RAN4. 

Proposal 4: The outcome of RAN1’s study on SNR target could be used as the base for RAN4 LP-WUR requirement study to avoid redundant work between different groups and make better progress.

Proposal 5: 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. 
Proposal 6: 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 7: The SNR target X input from RAN1 should be adjusted by considering the practical NF of a LP-WUR receiver. Assuming the NF gap ∆ is ∆ = NF (LP-WUR) – NF (MR), then the new SNR target X adjusted after considering the NF of LP-WUR is X = X - ∆

Proposal 8: RAN4 uses 320ms as the LP-SS periodicity for requirement study.  

Proposal 9: 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: RAN4 should consider relaxation on higher priority frequency layer search requirements based on “conditions” defined by RAN2.

Proposal 11: For the entry/exit conditions for LP-WUS monitoring, it is mainly RAN2/1 task and RAN4’s involvement can be triggered by LS from other groups if necessary.
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Appendix
Table 3: Assumptions for link level simulation for LP-SS Sync&RRM measurement
	Attributes
	Assumptions

	Carrier Frequency
	2.6GHz

	SCS
	30kHz

	gNB Channel BW 
	20MHz (50 RBs)

	WUS BW
	12RBs

	Channel structure
	[1 0 0 1]/ [1 0 0 1 1 1 0 0]/ [1 0 0 1 0 1 1 0 1 0 1 0 1 1 0 0 ]

	Chip rate
	56 kcps ,M=2/112 kcps ,M=4/224 kcps ,M=8

	WUS duration
	2 OFDM symbols

	frequency offset
	0/5/200 ppm

	Timing error
	1.6 us

	Detection window
	Time error + WUS duration

	Guard band
	1RB on each side of LP-WUS bandwidth

	Filter 
	5th Order Butterworth with 4.32MHz bandwidth 

	Receiver
	OOK


	ADC bit width
	4-bitADC,

	SamplingRate
	7.68MHz

	Channel Model
	TDL-C 300

	Overlaid OFDM sequence

	ZC sequence: ZC sequence with length 71/35/17 for M=2/4/8, root=37/31/11, cyclically extended to 72/36/18 points for each OOK chip before DFT
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