3GPP TSG-RAN WG4 Meeting #94bis	R4-2004805
E-meeting, 20 April – 1 May, 2020


Agenda item:	6.7.2.1
Source: 	Qualcomm Incorporated
Title: 	RRM measurement relaxation for power saving
Document for:	Discussion
Introduction
RAN4 made the following agreement during the last meeting [1]. This contribution discusses the issues that are still not resolved in these agreements.
	Agreements
· 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








Scaling factor for NCell RRM Measurement Relaxation

The applicable scaling factor will vary from one scenario to the other. Network will have the knowledge to know the proper scaling factor and can configure it to the UE.
Proposal 1: The scaling factor for NCell RRM measurement relaxation should be configured by the network.
· Possible values for scaling factor could be 4, 6, 8.

RRM measurement relaxation for inter-frequency layer with higher priority
When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, UE measures higher priority inter-frequency layers with very low frequency. If only one of the two measurement relaxation criteria gets fulfilled, UE does not need to relax the measurement of higher priority inter-frequency layers any further. On the other hand, if both RRM measurement criteria get fulfilled, UE can save more power by not measuring higher priority inter-frequency layers.
Hence, this does not need to be relaxed any further. On the other hand, if Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, UE can save additional power by relaxing NCell RRM measurement at the same rate as it relaxes  inter-frequency layer measurement with lower priority. 
A UE with good channel quality should not have to perform NCell RRM measurement more frequently than a UE with good RSRP. When both relaxation criteria get fulfilled, if UEs with relatively poorer channel quality can avoid NCell RRM measurement, UEs with relatively better channel quality should be able to avoid it as well.
Also, this needs to be applicable for inter-RAT measurement with higher priority as well. If measurement of inter-frequency layer with higher priority is relaxed but the measurement of inter-RAT layer with higher priority is not relaxed, UE will switch to a different RAT before evaluating other frequencies of NR. This is not desirable.
Observation 1: If measurement of inter-frequency layer with higher priority is relaxed but the measurement of inter-RAT layer with higher priority is not relaxed, UE will switch to a different RAT before evaluating other frequencies of NR. This is not desirable. 
Proposal 2: 
· When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and only one of the two relaxation criteria get fulfilled, no relaxation of the current measurement delay requirement is expected for inter-frequency/inter-RAT measurement with higher priority. 
· When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and both two relaxation criteria get fulfilled, the relaxed requirement for the frequency layer/RAT of higher priority are same as those for the frequency layer of equal/lower priority.
· When Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the relaxed requirement for the frequency layer/RAT of higher priority are same as those for the frequency layer of equal/lower priority

Observation 2: A UE with good channel quality should not have to perform NCell RRM measurement more frequently than a UE with poor channel quality. When both relaxation criteria get fulfilled, if UEs with relatively poorer channel quality can avoid NCell RRM measurement, UEs with relatively better channel quality should be able to avoid it as well.

Impact of RRM relaxation on EMR layers
If UE is configured EMR and T331 timer is running, UE should not be allowed to relax or enter any relaxed measurement mode, e.g. option 1 or option 2.
Proposal 3: UE is not allowed to relax or enter any relaxed measurement modes if UE is configured with early measurement reporting (EMR) and T331 timer is running.

RRM Measurement Relaxation Threshold for Inter-freq Measurement
RAN2 has discussed whether to introduce RRM measurement relaxation threshold for inter-frequency measurement but could not reach a consensus to introduce it. This will require signalling that would impact RAN2 specs. Hence, we prefer this to be decided in RAN2.
Proposal 4: RAN2 should decide whether to introduce RRM measurement relaxation threshold for inter-frequency measurement.
NW signalling regarding NCell RRM measurement relaxation
RAN2 has recently sent an LS to RAN4 regarding RRM relaxation. The contents of the LS is shown below: 
	RAN2 discussed NR power saving RRM measurement related issues and the following agreements have been achieved:
1. The network broadcasts corresponding parameters of relaxation triggering criteria to enable RRM measurement relaxation feature. 
2. When network configures the parameters of both low mobility and not-at-cell-edge criteria. UE can perform measurement relaxation according one of the following options, which is indicated by the network: 
· Option a: UE uses both low mobility criterion and not-at-cell-edge criteria, i.e. UE can perform relaxation only when both criteria are fulfilled. And detailed relaxation behaviour is up to RAN4 discussion and decision;
· Option b: UE uses either low mobility criterion or not-at cell-edge criterion, i.e. UE can perform relaxation when either low mobility or not-at-cell-edge criterion is fulfilled. And detailed relaxation behaviours are same as case that network only configures low mobility or not-at-cell-edge criterion;
3. When network configures both RSRP and RSRQ thresholds for not-at-cell-edge criterion, UE can perform relaxation only when both RSRP and RSRQ based criteria are met.  
4. FFS on RAN4 - if and what parameters we need (e.g. time interval for measurement relaxation since last measurement for cell reselection and the value range for the time interval) 

Moreover, RAN2 had the agreement before:
1. Whether higher priority frequencies can be relaxed is up to network configuration.  FFS on how the configuration is done. 
RAN2 made the decision how to configure and use this highPriorityMeasRelax indication has been postponed to wait for RAN4. RAN2 would like to wait for RAN4 decision on how to perform the relaxation for higher priority frequency.




According to the LS, network can configure UE with two different options for power saving. In option a, UE can perform relaxation only when both criteria are fulfilled. In option b, UE can perform relaxation when only one of the criteria gets fulfilled. However, in a real scenario, UE may switch back and forth between fulfilling one of the relaxation criteria to fulfilling both relaxation criteria. Hence, network should allow UE to transition between these two cases based on its channel conditions. Otherwise, a UE that has been configured with option b of RAN2’s LS will not be able to turn off NCell RRM measurement when both criteria get fulfilled. 
Option b needs to be clarified to allow this procedure. 
Observation 3: In a practical deployment, UE may switch back and forth between fulfilling one of the relaxation criteria to fulfilling both relaxation criteria.
Observation 4: RAN2’s defined signalling allows UE to relax NCell RRM measurement if: a) both relaxation criteria get fulfilled or b) either of the relaxation criterion gets fulfilled. This reduces UE’s opportunity to save power because:
· A UE that is configured with option b of RAN2’s LS will not be able to turn off NCell RRM measurement when both criteria get fulfilled. 
Proposal 5: Option b of RAN2’s LS is modified in the following way:
· UE can perform relaxation when I) either low mobility or not-at-cell-edge criterion is fulfilled and when II) both low mobility and not-at-cell-edge criteria get fulfilled. 
· Detailed relaxation behaviors in case I and II are governed by the relaxation mechanisms that are defined in RAN4.
· RAN4 mentions this modified option b to RAN2 in its reply LS.
RRM Impact due to Cross-slot Scheduling Power Saving Technique
RAN1 has allowed network to configure different minimum scheduling gaps (K0 in DL and K2 in UL) to the UE through RRC and select an individual scheduling gap through DCI. These configured scheduling gaps can be greater than the ones mentioned in Rel-15 spec and these would allow UE more time to process DCI.
The relevant RAN1 agreements are given below [2]-[3]:
	Agreements 
For an active DL and an active UL BWP, a UE can be indicated via L1-based signaling(s) from gNB to adapt the minimum applicable value(s) of K0, K2 and/or aperiodic CSI-RS triggering offset (with/without QCL_typeD configured).
Agreements 
To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, indication of the minimum applicable value is supported.
Agreements:
For the RRC configuration, the configured minimum applicable K0/K2 value(s) take integer value(s) in the range from 0 to [16]



Observation 5: Network can configure UE with minimum applicable K0/K2 taking integer values in the range from 0 to [16].
· This would allow UE to relax its processing timeline.
As a result, when UE has been configured with cross-slot scheduling, i.e., a non-zero K0/K2 value, its BWP and TCI state switch timelines should be relaxed by K0/K2 so that UE can take the advantage of relaxed processing.
Proposal 6: When network scheduling is being restricted with non-zero minimum K0/K2 value, network allows UE to extend the existing BWP and TCI state switch timelines, that have been defined in Rel-15, by the minimum K0/K2 value.

Conclusion
Observation 1: If measurement of inter-frequency layer with higher priority is relaxed but the measurement of inter-RAT layer with higher priority is not relaxed, UE will switch to a different RAT before evaluating other frequencies of NR. This is not desirable.
Observation 2: A UE with good channel quality should not have to perform NCell RRM measurement more frequently than a UE with poor channel quality. 
· When both relaxation criteria get fulfilled, if UEs with relatively poorer channel quality can avoid NCell RRM measurement, UEs with relatively better channel quality should be able to avoid it as well.

Observation 3: In a practical deployment, UE may switch back and forth between fulfilling one of the relaxation criteria to fulfilling both relaxation criteria.
Observation 4: RAN2’s defined signalling allows UE to relax NCell RRM measurement if: a) both relaxation criteria get fulfilled or b) either of the relaxation criterion gets fulfilled. This reduces UE’s opportunity to save power because:
· A UE that is configured with option b of RAN2’s LS will not be able to turn off NCell RRM measurement when both criteria get fulfilled. Similarly, a UE that is configured with option a of RAN2’s LS will not be able to relax NCell measurement by a scaling factor when only one criterion gets fulfilled.
Observation 5: Network can configure UE with minimum applicable K0/K2 taking integer values in the range from 0 to [16].
· This would allow UE to relax its processing timeline.

Proposal 1: The scaling factor for NCell RRM measurement relaxation should be configured by the network.
· Possible values for scaling factor could be 4, 6, 8.

Proposal 2: 
· When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and only one of the two relaxation criteria get fulfilled, no relaxation of the current measurement delay requirement is expected for inter-frequency/inter-RAT measurement with higher priority. 
· When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and both two relaxation criteria get fulfilled, the relaxed requirement for the frequency layer/RAT of higher priority are same as those for the frequency layer of equal/lower priority.
· When Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the relaxed requirement for the frequency layer/RAT of higher priority are same as those for the frequency layer of equal/lower priority
Proposal 3: UE is not allowed to relax or enter any relaxed measurement modes if UE is configured with early measurement reporting (EMR) and T331 timer is running.
Proposal 4: RAN2 should decide whether to introduce RRM measurement relaxation threshold for inter-frequency measurement.
Proposal 5: Option b of RAN2’s LS is modified in the following way:
· UE can perform relaxation when I) either low mobility or not-at-cell-edge criterion is fulfilled and when II) both low mobility and not-at-cell-edge criteria get fulfilled. 
· Detailed relaxation behaviors in case I and II are governed by the relaxation mechanisms that are defined in RAN4.
· RAN4 mentions this modified option b to RAN2 in its reply LS.
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