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1. Introduction
In RAN4#94e meeting, we had discussed RRM measurement relaxation for UE power saving. It was agreed that RRM measurement relaxation with longer intervals is adapted for scenario#1 and #2. However, how to define the scaling factor of measurement interval is FFS. The remaining issues for measurement relaxation are captured in the following agreed WF [1].
	· Applicability of RRM relaxation methods for scenario#1 and scenario#2:
· Scenario #1: 
· Agreement - RRM measurement relaxation with longer intervals
· Scenario #2: 
· Agreement - RRM measurement relaxation with longer intervals
· FFS on the scaling factor of measurement interval
· Option 1: Fixed value
· FFS on one fixed value for both scenario#1 and scenario #2
· FFS on separate values for scenario#1 and scenario #2 
· Option 2: Network configurable value
· FFS on the transition period between scenario#1 or scenario#2 and scenario#3 
· Option1:
· When switching from scenario#2 to scenario#3, UE shall fulfill the requirements corresponding to scenario#2 for N DRX cycles and thereafter switch to requirements corresponding to scenario#3
· When switching from scenario#3 to scenario#2, UE shall fulfill the requirements corresponding to scenario #2 immediately. 
· Other option is not precluded.
· RRM measurement relaxation for inter-frequency layer with higher priority
· Option 1:
· When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, no relaxation of the current measurement delay requirement is expected for inter-frequency measurement with higher priority. 
· When Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the relaxed requirement for the frequency layer of higher priority shall use the same relaxed measurement requirement as those for the frequency layer of equal/lower priority.
· Option 2: 
· Measurements of higher priority carriers shall not be relaxed in high mobility scenarios (scenario #2)
· Option 3: 
· Measurements of higher priority carriers shall not be relaxed
· RRM measurement relaxation by reducing the number of frequency layer to be measured
· No consensus to introduce the RRM measurement relaxation by reducing the number of frequency layer in RAN4 94e. 
· Interested companies are encouraged to provide analysis on achievable power saving from reducing number of frequency layers for intra/inter-frequency measurements in RAN4 94bis
· EMR impact in power saving mode
· Option 1: Up to UE’s implementation
· Option 2: EMR frequency layer shall not be relaxed if T331 is running
· Option 3: EMR frequency layer shall be relaxed
· RRM measurement relaxation threshold for inter-frequency measurement
· Option 1: Introduce carrier specific search thresholds for measurement relaxation
· Option 2: Up to RAN2’s decision
· RRM impact due to cross-slot scheduling power saving technique
· Option 1: have RRM impact on DCI based delay requirement 
· Option 2: no RRM impact 
· Option 3: wait for RAN1 conclusion


In this contribution, we further discuss the remaining issue for RRM measurement relaxation in IDLE/INACTIVE mode for NR UE power saving.
2. Discussion
Scaling factor for measurement relaxation
In last e-meeting, RAN4 has agreed that RRM measurement relaxation with longer intervals is proposed for scenario#1 and #2. And the remaining issue is how to define the scaling factor for the measurement interval. Two possible options were proposed in the agreed WF. Option 1 is to define a fixed value for scaling factor, and option 2 is to define a configurable value. From our perspective, we think option 1 with different fixed value for scenario#1 and #2 is more appropriate way to define the scaling factor. For low mobility scenario, the potential cell reselection is not that critical as legacy mode, and the measurement interval can be extended with a larger scaling factor. However, for not in cell-edge scenario, UE may be in high speed. And the potential cell reselection is important for that UE. Thus, the scaling factor can be a relative small value.
According to TR 38.840 [2], some evaluation results have been performed by increasing the measurement period to save the UE power consumption. And the outcome of the evaluation for RRC_IDLE/INACTIVE is shown as follows: 
-	By increasing measurement period, the UE power saving gain at least depends on the number of I-DRX/paging cycles to be skipped for measurement and the number of SSB burst sets to be used for measurement and periodic activities. When measurement is performed once every 4 paging cycles, the gain is 17.9%-19.7% (one SSB burst set for measurement and periodic activities), 0.89%-5.36% (two or three SSB burst sets for measurement and periodic activities). 
From the evaluation results, it is observed that the power saving gain is 17.9%-19.7% when the measurement interval is extended from 1*DRX cycle to 4*DRX cycle. Thus, it is proposed that the measurement interval can be extended to 4 times for scenario#1, and 2 times for scenarios #2.
Proposal 1: If the measurement relaxation criteria are met, the measurement period can be extended to 4 times for scenario #1.
Proposal 2: If the measurement relaxation criteria are met, the measurement period can be extended to 2 times for scenario #2.
Time interval for measurement relaxation for scenario#3
In RAN4#93 meeting, it was agreed that UE is not required to meet the intra-frequency and inter-frequency neighbour cell measurement requirements when the criteria of low mobility and not in cell-edge are fulfilled (scenario#3), which is similar measurement relaxation method for LTE MTC/NB-IoT. However, in LTE MTC/NB-IoT, the neighbor cell measurement time interval for LTE MTC/NB-IoT is defined as 24 hours. And in the coming LS [3] from RAN2, RAN4 is asked whether there is a parameters we need to define the time interval for measurement relaxation since last measurement for cell reselection and the value range for the time interval. We think the similar method shall be defined to guarantee the cell reselection performance. It is not an appropriate way to reuse 24 hours for NR power saving, and we propose the value can be defined as 1 hour.
Proposal 3: For low mobility and not in cell-edge scenario, the time interval for measurement relaxation since last measurement for cell reselection is defined as [1] hour.
Transition period
During one cell-reselection or measurement period, UE measurement activities may be changed between any of two scenarios illustrated in figure 2 if the related relaxation criteria are fulfilled respectively. The potential issue is how to specify the requirements during the transition.


Figure 1: Transition between any of two scenarios
The possible solution is to specify the measurement requirements as the maximum (requirements of the first mode before transition, requirements of the second mode after transition).
Proposal 4: When the intra/inter-frequency measurement transitions between any of two scenarios during one cell-reselection or measurement period, the cell re-selection requirements or measurement shall be the maximum of measurement requirement corresponding to the first mode before transition and the second mode after transition.
Inter-frequency carrier with higher priority 
According to the cell re-selection requirements for higher priority carriers defined in TS 38.133 [4], for the case where Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE shall perform measurements on a specific higher priority frequency carrier at least every 60 seconds regardless of the cell selection criterion S. For the case where Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ, the measurement delay requirement for higher priority frequency carriers is the same as that for equal and lower frequency carriers (Tmeasure,NR_Inter). 
Regarding measurement relaxation for higher priority frequencies, RAN2 agreed in [3] whether higher priority frequencies can be relaxed is up to network configuration.
	Agreements in R2#108
Whether higher priority frequencies can be relaxed is up to network configuration.  FFS on how the configuration is done.


RAN2 discussed the highPriorityMeasRelax indication for higher priority frequency carriers in RAN2#109e meeting, and other additional LS [5] from RAN2 is sent to ask RAN4 on the behaviour of relaxation of higher priority frequency carriers.
In good coverage case where Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the higher priority frequency measurements are already at their lowest rate, i.e. every 60s for each frequency layer, which is considered as the maximum allowed relaxation for load balancing to work properly. In addition, the power saving gain is limit to further relax the measurement interval from 60s to a larger value. Thus, there is no relaxation for the higher priority frequency layers.
In not good coverage case where Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, In Rel-15 legacy requirement, the measurement delay requirement for higher, equal and lower frequency layer are the same value (Tmeasure,NR_Inter). So, if network is configured to relax inter-frequency measurement with higher priority and the relaxed criteria are met, the relaxed requirement for the frequency layer of higher priority shall have the same Tmeasure,NR_Inter_relax as those for the frequency layer of equal/lower priority.
Proposal 5: When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, no relaxation of the current measurement delay requirement is expected for inter-frequency measurement with higher priority.
Proposal 6: When Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the relaxed requirement for the frequency layer of higher priority shall use the same relaxed measurement requirement as those for the frequency layer of equal/lower priority.
Reducing number of carriers
In last e-meeting, RAN4 has reached the agreement that no consensus to introduce the RRM measurement relaxation by reducing the number of frequency layer. And companies can provide further analysis on achievable power saving from reducing number of frequency layers for intra/inter-frequency measurement in RAN4#94bis. According to TS38.133, the measurement requirements for inter-frequency layer are scaling with the number of carriers configured to be measured. It means that the power will not be increased with the same measurement interval for multiple carriers. Thus, from RRM measurements aspect, reducing the number of carriers to be measured cannot save power consumption.
Proposal 7: Do not introduce RRM measurement relaxation by reducing the number of carriers to be measured cannot save power consumption.
EMR impact
The motivation for early measurement reporting introduced in WI of multi-RAT DC and CA enhancement is to allow network to obtain measurement results for the candidate PSCell and SCell when UE enters CONNECTED state, which will reduce the delay to set up MR-DC and/or CA. EMR is configured by the network via RRC Connection Release or SIB. Network will configure a list of frequencies and optionally a list of cells for UE to measure in Idle or Inactive. In addition, a timer T331 can be configured RRC Connection Release which is used to limit the time when UE is required to perform early measurement. Early measurement is performed only when the target frequency can form a valid CA band combination of the UE with the serving carrier.
Since measurement relaxation is only for intra-frequency and inter-frequency measurement for mobility purpose, thus, there will be no impact on EMR for non-overlapping carriers in power saving mode. For overlapping carriers, if UE is required to perform EMR on overlapping carriers in idle mode, the UE shall perform at least a single measurement on detected cell during the timer T331 is running. Thus, it is not required UE to enter power saving mode when the timer T331 is running for EMR measurement purpose.
Proposal 8: RRM measurement relaxation is not applied on EMR frequency layer when the timer T331 is running for EMR measurement purpose. 
RRM impact due to cross-slot scheduling power saving technique
The cross-slot scheduling technique is introduced to achieve power saving gain, since UE will consume less power with a longer time to parse the DCI command. In addition, cross-slot technique can avoid unnecessary register, as figure 2 illustrated. Thus, RAN1 discussed and agreed the scheduling offset for K0 in DL and K2 in UL as follows:
	R1-1913537
Agreements:
· For K0/K2 under same-carrier scheduling, possible suggested values by the UE are:
· 15kHz/30kHz SCS: {1, 2, 4, 6} slots
· 60kHz/120kHz SCS: {2, 4, 8, 12} slots




Figure 2: Cross-slot scheduling
From RRM perspective, the configurable value of K0/K2 will impact DCI based delay requirements, i.e. DCI based BWP switching delay and DCI based TCI switching delay. Figure 3 show the timeline of DCI based BWP switch defined in Rel-15 and DCI based BWP switch with cross-slot scheduling, if the scheduling offset K0/K2 is configured as 4 slots, then the scheduling offset will be longer than DCI-based BWP switch delay defined in current 38.133. Thus, these delay requirements should be revisited when the related DCI command carrying cross-slot scheduling configuration.
If cross-slot scheduling is configured in the same DCI command which is configured to active BWP switching, the related delay should be extended by the configured value of K0/K2. And the BWP switch delay should be defined as the maximum value between TBWPswitchDelay and configured K0/K2 value.


Figure 3: Timeline for active BWP switch
Proposal 9: When UE receives DCI command with the configuration of cross-slot scheduling and active BWP switch, the active BWP switch delay should be Max(TBWPswitchDelay, K0/K2), where K0/K2 is the configured scheduling offset for cross-slot scheduling.
For DCI based TCI state switch, the delay requirement is defined as timeDurationForQCL, which is the time required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing. If the cross-slot scheduling offset is configured in the same DCI command, the TCI state switching delay should be the maximum between timeDurationForQCL and K0/K2 value.
Proposal 10: When UE receives DCI command with the configuration of cross-slot scheduling and TCI state switch, the TCI state switch delay should be Max(timeDurationForQCL, K0/K2), where K0/K2 is the scheduling offset for cross-slot scheduling.
3. Conclusion
In this contribution, we provide our analysis on RRM measurement relaxation in IDLE/INACTIVE mode for NR UE power saving, and provide the proposals as follows:
Proposal 1: If the measurement relaxation criteria are met, the measurement period can be extended to 4 times for scenario #1.
Proposal 2: If the measurement relaxation criteria are met, the measurement period can be extended to 2 times for scenario #2.
Proposal 3: For low mobility and not in cell-edge scenario, the time interval for measurement relaxation since last measurement for cell reselection is defined as [1] hour.
Proposal 4: When the intra/inter-frequency measurement transitions between any of two scenarios during one cell-reselection or measurement period, the cell re-selection requirements or measurement shall be the maximum of measurement requirement corresponding to the first mode before transition and the second mode after transition.
Proposal 5: When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, no relaxation of the current measurement delay requirement is expected for inter-frequency measurement with higher priority.
Proposal 6: When Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the relaxed requirement for the frequency layer of higher priority shall use the same relaxed measurement requirement as those for the frequency layer of equal/lower priority.
Proposal 7: Do not introduce RRM measurement relaxation by reducing the number of carriers to be measured cannot save power consumption.
Proposal 8: RRM measurement relaxation is not applied on EMR frequency layer when the timer T331 is running for EMR measurement purpose. 
Proposal 9: When UE receives DCI command with the configuration of cross-slot scheduling and active BWP switch, the active BWP switch delay should be Max(TBWPswitchDelay, K0/K2), where K0/K2 is the configured scheduling offset for cross-slot scheduling.
Proposal 10: When UE receives DCI command with the configuration of cross-slot scheduling and TCI state switch, the TCI state switch delay should be Max(timeDurationForQCL, K0/K2), where K0/K2 is the scheduling offset for cross-slot scheduling.
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