3GPP TSG-WG4 Meeting # 111	R4-2409687
Fukuoka, Japan, 20- 24 May 2024

Source:	ZTE Corporation, Sanechips
Title:	Discussion on core parts on LPWUS 
Agenda item:	10.14.4
Document for:	Approval
Introduction
In RAN #103 meeting the latest WID has been agreed [1] on Low-power wake-up signal and it is the first meeting for RAN4 to discuss the core part in this meeting. The WID can be seen as below:
	[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


In this paper we will continue to discuss the related issues and provide our views.
Discussion
Entry/exit condition for LP-WUS monitoring
According to WI, “Specify procedure and configuration design for LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring” also involves RAN4. However, the main task for RAN4 RRM is to design the entry/exit conditions for LP-WUS monitoring. 
To my understanding, first of all, if NW configures the LP-WUS, then UE shall decide to monitor the LP-WUS. Next, regarding when to monitor the LP-WUS, the downlink channel quality of the serving cell can be monitored and compared with the “threshold” to decide whether to enter the LP-WUS coverage or not. The conditions can be based on UE measurement, e.g. RSRP of signals.
If the entry threshold is satisfied, UE will enter the LP-WUS coverage and monitor the LP-WUS, UE shall turn off MR for paging monitoring at the same time. When UE enters the LR coverage, the UE shall wake up MR for paging reception (legacy).
On the contrary, if the exit threshold is met, UE will exit the LR coverage and turn on the MR receiver for paging monitoring.
In the last meeting, RAN1 also discussed this issue and the working assumption can be seen as below:
	RAN1 #116bis meeting:
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 RAN1 perspective, for the entry/exit conditions for LP-WUS monitoring in IDLE/INACTIVE state:
· Entry condition: the serving cell measurement performed by the MR is above entry threshold, if configured by the gNB.
· Exit condition: the serving cell measurement performed by the LR is below exit threshold, if configured by the gNB.
We can find that the threshold for the serving cell measurement performed by MR or LR is the key factor for entry/exit LP-WUS monitoring and RAN4 shall study how to define such threshold in the further meeting.
Observation 1: 
The downlink channel quality of the serving cell can be monitored and compared with the “threshold” to decide whether to enter the LP-WUS coverage or not.
· Entry condition: the serving cell measurement performed by the MR is above entry threshold, if configured by the gNB.
· Exit condition: the serving cell measurement performed by the LR is below exit threshold, if configured by the gNB.
[bookmark: _GoBack]Proposal 1: For the entry/exit conditions for LP-WUS monitoring, the threshold for the serving cell measurement performed by MR or LR shall be decided by RAN4.
Core requirements to be specified for LP-WUR measurement
According to the WI, it specifies that the RAN4 shall define the core requirements to support the feature. In this part, we mainly analyze the two different receivers and related core requirements combining with the progress and agreements in other groups.
Requirements on OOK-based and OFDM-based measurement 
In the last meeting, RAN4 kicked off the discussion on LP-WUS and the basic scenarios have been confirmed. The agreements can be seen as below:
	[bookmark: _Hlk164083085]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


Based on the RAN1’s discussion, two types of receiver have been agreed, i.e. OOK-based and OFDM based receivers. At least the measurement requirements for LP-WUR serving cell measurement based on LP-SS and existing SSS at Idle/Inactive state shall be defined. 
OFDM-based LP-SS measurement
RAN 1 is still discussing the OFDM-based receiver of LP-SS and there are several agreements achieved in RAN1 previous meetings as below:
	RAN1 #116 meeting:
Agreement
For the overlaid OFDM sequence(s) for LP-SS, consider the following options for further down-selection:
· 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.
· For Option 3, it is up to RAN4 to make decision on whether/how to define the RRM measurement requirement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.


RAN1 is discussing whether/how to specify the OFDM-based LP-WUR using the overlaid sequence of LP-SS. We believe that RAN4 shall discuss the feasibility issues for option 3 whether the LP-SS with overlaid OFDM-based receiver shall be used to define the RRM measurement or not. 
Observation 2: It is up to RAN4 to make decision on whether/how to define the RRM measurement requirements for OFDM-based LP-WUR using the overlaid sequence of LP-SS.
Proposal 2: The feasibility of OFDM-based LP-SS measurement shall be discussed.
We deem that it is not necessary to define measurement requirements for OFDM-based LP-SS measurement since based on the OFDM receiver, the existing PSS/SSS can be used for sync and RRM measurements. Although the LR is different from MR and the measurement requirements may be different, the legacy measurement procedure/method are similar (using the PSS/SSS). We don't need to define a completely new scenario and corresponding requirements. For OFDM based receiver, our main focus is on receiving the existing SSS, so that legacy requirements for SSS can also be studied as a baseline, rather than being redefined completely. Based on the above analysis, the OFDM-based LP-SS measurement shall not be discussed at least in the current stage. For the further consideration, we think RAN4 could send the LS to RAN1 and convey our ideas whether we agree with that or not. 
Observation 3: Although the LR is different from MR and the measurement requirements may be different, the legacy measurement procedure/method are similar and the existing measurement requirements for using SSS can be the baseline.
Proposal 3: It is not necessary for RAN4 to define measurement requirements for OFDM-based LP-SS RRM measurement at least in this stage.
Proposal 4: RAN4 could send the LS to RAN1 and convey our ideas whether we agree with defining OFDM-based LP-SS measurement requirements or not.
In the previous meeting in RAN1, there is no agreements related to the OOK-based LP-SS periodicity. In order to perform the power saving, the latest WID demands that the 320ms for OOK based LP-SS periodicity can be the starting point. RAN4 shall wait for the RAN1’s agreements and then decide to define the concrete values for OOK-based LP-SS periodicity. 
Observation 4: Y will be decided within WI and 320ms is the start point.
Proposal 5: RAN4 shall wait for the RAN1’s agreements and then decide the concrete values for LP-SS periodicity.
OOK-based LP-SS measurement
In legacy L3 measurement, the UE measures the SS-RSRP and SS-RSRQ level of the serving cell and evaluates the cell selection criterion S defined in TS 38.304 for the serving cell. However, LR is not very consistent with MR in terms of receiver structure and reference signal used for RRM measurement, thus the legacy SS-RSRP and SS-RSRQ cannot be used for the LR RRM measurement.
Observation 5: In the legacy L3 measurement, the UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in TS 38.304 for the serving cell.
In the last meeting, from RAN1 perspective, at least the following metrics can be supported for RRM serving cell measurement performed by OOK-based receiver based LP-SS:
	RAN1 #116bis meeting:
Agreement
· 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.
· FFS: LP-SINR, Power ratio of OOK-ON symbol and OOK-OFF symbol
Note: RAN1 will send an LS to RAN2 and RAN4 on the measurement metrics that can be supported from RAN1 perspective, to facilitate RAN2/RAN4 discussions. The exact metrics for OOK-based receiver to be used and defined in the specifications depend on the outcome of [RAN1]/RAN2/RAN4 discussions.



It’s not difficult to see that RAN1 defined the RSRP and RSRQ which are used only for LP-SS called LP-RSRP and LP-RSRQ. To compare with the legacy definition, the differences can be seen as below:
	RSRP (SS-/LP-)
Legacy: SS reference signal received power (SS-RSRP) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals.
RAN1 agreed:  LP-RSRP is the linear average of received power of LP-SS in OOK ON symbols.
RSRQ (SS-/LP-)
Legacy: Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio of N×SS-RSRP / NR carrier RSSI, where N is the number of resource blocks in the NR carrier RSSI measurement bandwidth.
RAN1 agreed: LP-RSRQ = LP-RSRP/LP-RSSI.


We find that the definition of LP-RSRP and LP-RSRQ are similar to the legacy SS-RSRP and SS-RSRQ. From my view, the method based on LP-SS for serving cell RRM measurements is similar to the legacy, we can say that the UE shall measure the LP-RSRP and LP-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in TS 38.304 for the serving cell. 
From my perspective, it is hard to perform the cell reselection when considering the LR and define the related measurement requirements used by LP-SS. Since if UE closes the MR and enter into the LR, the channel condition seems good which satisfies the enter condition. In this situation, UE shall camp on the current cell, and if the channel condition becomes worse and worse, the UE will exit the LR coverage and turn on the MR and do the legacy cell reselection. Another point, other working group has not decided whether the LP-SS can be used in neighbor cell measurement or not. 
Observation 6: The definition of LP-RSRP and LP-RSRQ are similar to the legacy SS-RSRP and SS-RSRQ, but the measured quantity value range may be different and the details shall be waited for RAN1.
Proposal 6: The legacy measurement criteria for serving cell can be reused for the OOK-based LP-SS measurement for serving cell, that is, the UE shall measure the LP-RSRP and LP-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in TS 38.304 for the serving cell.
Proposal 7: It is hard to perform the cell reselection when considering the LR and define the related measurement requirements used by LP-SS.
Impact on SNR target
In the lasting meeting, we discussed the SNR target and agreed with the following agreement:
	Issue 2-2-1: Methodology on specifying LP-WUR RRM requirements at Idle/Inactive mode
Agreement: 
· 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. 


RAN4 generally uses the system simulation to obtain the side condition in legacy. For side conditions, SNR at 95% throughput of the downlink SNR CDF is used as reference. Actually, the legacy SNR is -6dB for L1-measurement and -3dB for L3-measurement. However, in the latest WID the clear clarification has been described that the target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3, that is, the legacy methodology to obtain SNR could not be used since the legacy method for SNR is obtained by the downlink signal.  
Observation 7: The legacy methodology to obtain SNR could not be used since the legacy method for SNR is obtained by the downlink information.
RAN4 agreed that the outcome of RAN1’s study in R19 WI on SNR/SINR target is used as the starting point for RAN4 LP-WUR requirements study since the similar work has been started at RAN1 in the last meeting, RAN4 needs to wait for the simulation which is done by RAN1.
RAN1 #116bis meeting:
	Conclusion: 
For calibration purposes, companies are encouraged to report the SNR to achieve the coverage of PUSCH for message3, at least with the following assumptions: 
· Carrier frequency: 2.6 GHz
· The number of Tx chains: 1
· MIL of MSG 3: use the average one in R17 coverage, i.e.,153.51 dB for non-redcap UE
· Transmit antenna gain correction factors for WUS: up to company report
· Noise Figure: All three values +2dB, +5dB, +8dB on top of NF of MR (7dB) are to be reported, SNR for different assumptions on NF are determined separately


We find that RAN1 will report the SNR target to achieve the coverage of PUSCH for message 3 and the several assumptions shall be considered. Thus, SNR target shall be the starting point for RAN4 LP-WUR requirements study.
Observation 8: RAN1 will report the SNR target to achieve the coverage of PUSCH for message 3 and several assumptions shall be considered.
Proposal 8: RAN4 shall wait for the RAN1’s discussion on SNR target in order to study the requirements of LP-WUR.
Impact on Noise Figure
We also find that the noise figure will be a key factor when reporting the SNR target. From my perspective, the architecture of LR is much simpler than MR and the noise figure will be bigger due to its architecture. The range of noise figure is 9~16 dB which is listed in TS38.869, the target SNR shall be reported considering the different noise figure based on the RAN1’s discussion. To my understanding, the target SNR for MR shall be adjusted by the noise figure of LR receiver. The concrete calculation based on the RAN1’s conclusion can be seen as below:
The different noise figure is 2dB, 5dB, 8dB
The target SNR for MR is 7dB
The target SNR for LR is 7+2=9dB, 7+5=12dB, 7+8=15dB
Proposal 9: When considering the target SNR, the LR noise figure is the key factor shall be considered.
Core requirements to be specified for MR RRM relaxation
As indicated in the latest WID, RAN4 shall specify further RRM relaxation of UE MR for both serving and neighbor cell measurements. Legacy RRM relaxation at Idle/Inactive state have been specified since Rel-16 in the WID of power saving. Here we believe similar solution can be reused for MR RRM relaxation, i.e. introduce relaxation scaling factor.
	Issue 2-3-1: MR RRM relaxation factor for serving cell/neighbour cell
· Proposals 
· P1: Relaxation factors within the range from 8 to 16 as the starting point for the relaxation factor for the MR RRM relaxation (vivo)
· P2-1: Equal or larger than 8 (CMCC)
· P2-2: >=16 (Huawei)
· P2: RAN4 should consider relaxation on higher priority frequency layer search requirements based on “conditions” defined by RAN2. (vivo)
· P3: Neighbour cell evaluation can be discussed after further input from RAN2 (Samsung)


In last meeting, the above proposals were suggested by companies. For P1, we shall analyze the different scenarios and different power saving gain in order to define the relaxation scaling factor. To my understanding, there are three scenarios for RRM measurements:
· Scenario 1: The legacy case, i.e. only MR performs the RRM measurements. 
· Scenario 2: Partially offload. MR RRM relaxation and LR performs the RRM measurements.
· Scenario 3: Fully offload. MR stops any RRM measurement and LR performs the RRM measurements.
The following figure can explain the above three scenarios:
[image: ]
Figure1 Three scenarios in MR and LR coverage
Observation 9: 
To my understanding, there are three scenarios for RRM measurements:
· Scenario 1: Legacy. Only MR performs the RRM measurements (3times) 
· Scenario 2: Partially offload. MR RRM relaxation and LR performs the RRM measurements.
· Scenario 3: Fully offload. MR stops any RRM measurement and LR performs the RRM measurements.
Based on the TR 38.869, there are two kinds of LP-WUS monitoring which are RRM with duty-cycle LP-WUS monitoring and RRM with continues LP-WUS monitoring. The power saving gain can be seen as the following table:
Table1 Power saving gain based on TR38.869
	
	RRM with duty-cycle LP-WUS
	RRM with continues LP-WUS

	No MR RRM relaxed
	average: -211%
	average: -644%

	MR relaxed < 8 times
	average: 4%
	average: 7%

	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%


For scenario 1 (No MR RRM relaxed), we find no power saving gain if no MR RRM relaxed. For scenario 3 (MR offload RRM to LR), we can infer that the propagation condition is the best and the MR will stop any RRM measurement and the power saving gain is the best during the whole table. For scenario 2, there are 3 cases can be seen, the different relaxation factors have the different power saving gain and the larger relaxation factors the larger power saving gain.
The above table shows us if the factor is less than 8 times the power saving gain is average 4%. However, if the relaxation factor is equal or larger than 8, the power saving gain has a sharp increase whatever with duty-cycle or continues LP-WUS. Thus, from my perspective, the factor within the range from 8 to 16 times can be the starting point and baseline since the power saving gain in that range is close to half the gain.
Observation 10: 
· For scenario 1, we find that no power saving gain if no MR RRM relaxed.
· For scenario 3, we can infer that the propagation condition is the best and the MR will stop any RRM measurement and the power saving gain is the best.
· For scenario 2, there are 3 cases can be seen, the different relaxation factors have the different power saving gain and the larger relaxation factors the larger power saving gain.
Observation 11: If the factor is less than 8 times the power saving gain is average 4%. However, if the relaxation factor is equal or larger than 8, the power saving gain has a sharp increase.
Proposal 10: Relaxation factors within the range from 8 to 16 as the starting point for the relaxation factor for the MR RRM relaxation.
LP-WUR at connected mode
We mainly focus on the measurement requirements in the above. For the connected mode, in the latest WID, we can see that no RAN4’s involvement is required:
	· 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


It is obviously the CONNECTED state is not in the scope of the WID.
Proposal 11: RAN4 shall not define the measurement requirements at CONNECTED state.
Conclusion
In this paper we provided our views on LPWUS.
Observation 1: 
The downlink channel quality of the serving cell can be monitored and compared with the “threshold” to decide whether to enter the LP-WUS coverage or not.
· Entry condition: the serving cell measurement performed by the MR is above entry threshold, if configured by the gNB.
· Exit condition: the serving cell measurement performed by the LR is below exit threshold, if configured by the gNB.
Proposal 1: For the entry/exit conditions for LP-WUS monitoring, the threshold for the serving cell measurement performed by MR or LR shall be decided by RAN4.
Observation 2: It is up to RAN4 to make decision on whether/how to define the RRM measurement requirements for OFDM-based LP-WUR using the overlaid sequence of LP-SS.
Proposal 2: The feasibility of OFDM-based LP-SS measurement shall be discussed.
Observation 3: Although the LR is different from MR and the measurement requirements may be different, the legacy measurement procedure/method are similar and the existing measurement requirements for using SSS can be the baseline.
Proposal 3: It is not necessary for RAN4 to define measurement requirements for OFDM-based LP-SS RRM measurement at least in this stage.
Proposal 4: RAN4 could send the LS to RAN1 and convey our ideas whether we agree with defining OFDM-based LP-SS measurement requirements or not.
Observation 4: Y will be decided within WI and 320ms is the start point.
Proposal 5: RAN4 shall wait for the RAN1’s agreements and then decide the concrete values for LP-SS periodicity.
Observation 5: In the legacy L3 measurement, the UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in TS 38.304 for the serving cell.
Observation 6: The definition of LP-RSRP and LP-RSRQ are similar to the legacy SS-RSRP and SS-RSRQ, but the measured quantity value range may be different and the details shall be waited for RAN1.
Proposal 6: The legacy measurement criteria for serving cell can be reused for the OOK-based LP-SS measurement for serving cell, that is, the UE shall measure the LP-RSRP and LP-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in TS 38.304 for the serving cell.
Proposal 7: It is hard to perform the cell reselection when considering the LR and define the related measurement requirements used by LP-SS.
Observation 7: The legacy methodology to obtain SNR could not be used since the legacy method for SNR is obtained by the downlink information.
Observation 8: RAN1 will report the SNR target to achieve the coverage of PUSCH for message 3 and several assumptions shall be considered.
Proposal 8: RAN4 shall wait for the RAN1’s discussion on SNR target in order to study the requirements of LP-WUR.
Proposal 9: When considering the target SNR, the LR noise figure is the key factor shall be considered.
Observation 9: 
To my understanding, there are three scenarios for RRM measurements:
· Scenario 1: Legacy. Only MR performs the RRM measurements (3times) 
· Scenario 2: Partially offload. MR RRM relaxation and LR performs the RRM measurements.
· Scenario 3: Fully offload. MR stops any RRM measurement and LR performs the RRM measurements.
Observation 10: 
· For scenario 1, we find that no power saving gain if no MR RRM relaxed.
· For scenario 3, we can infer that the propagation condition is the best and the MR will stop any RRM measurement and the power saving gain is the best.
· For scenario 2, there are 3 cases can be seen, the different relaxation factors have the different power saving gain and the larger relaxation factors the larger power saving gain.
Observation 11: If the factor is less than 8 times the power saving gain is average 4%. However, if the relaxation factor is equal or larger than 8, the power saving gain has a sharp increase.
Proposal 10: 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 shall not define the measurement requirements at CONNECTED state.
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