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1. Introduction
For Rel-17 REDCAP discussion, the objective of SID [1] includes:
	Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]


As we known, RRM relaxation has been discussed in power saving WID in Rel-16, and the relaxation is mainly defined for cell center and/or low mobility UEs. However, for REDCAP UEs, how to minimize the power consumption caused by RRM measurement, in this contribution, we discussed this issue and shared our views.  
2. Discussion
The purpose of RRM relaxation is to reduce UE’s power consumption, and tradeoff is UE’s measurement performance. Regarding the RRM relaxation discussion of Rel-16 power saving WID, at the beginning, both idle/inactive UEs and connected UEs are considered. However, considering the mobility attribute of devices, relaxed RRM measurement may delay UE’s measurement reporting, and results in undesirable handover failure or RLF, therefore, only idle and inactive UEs are considered in the end. 
Observation 1:  For Rel-16 RRM relaxation in power saving WID, only IDLE/INACTIVE UEs are considered.
Now, for RRM relaxation for Redcap UE, as described in the scope of SID, only stationary UE will be considered for RRM relaxation, which means probably, there is no handover or cell-reselection requirement for this kind of UEs. On sake of this, there seems no big problem to support RRM relaxation for both idle/inactive and connected UEs. 
Proposal 1: Consider RRM relaxation for both RRC_IDLE/INACTIVE and RRC_CONNECTED stationary UEs.
Regarding Rel-16 RRM relaxation, the specification defines two types of evaluation conditions, one is “cell edge”, the other is “low mobility”. In system information, network can provide evaluation parameters for the two conditions separately to enable this function. And after receiving the parameters, idle/inactive UEs can evaluate the condition based on the measurement results of camping cell, and then decide whether RRM relaxation is allowed or not. 
The Rel-16 RRM relaxation mechanism are defined in TS 38.304. Specifically, when UE fulfills some specific conditions, the UE is allowed to stop intra-frequency, inter-frequency and inter-RAT measurements for 1 hour. Compare with the measurement without relaxation, this extremely long measurement interval can save UE’s power as much as possible.  
Observation 2:  For Rel-16 RRM relaxation, when UE fulfills specific conditions, the UE is allowed to stop intra-frequency, inter-frequency and inter-RAT measurements for 1 hour.
In our understanding, even for stationary Redcap UEs, if the UE is in idle/inactive state, using 1 hour measurement interval is sufficient for power saving purpose. Therefore, to minimize the standard effort, we suggest to reuse the existing RRM relaxation mechanism as much as possible, this includes both evaluation criteria and measurement relaxation methods. 
Proposal 2: For RRC_IDLE/INACTIVE Redcap UEs, to reuse the Rel-16 RRM relaxation mechanism as much as possible.
The RRC parameters for Rel-16 RRM relaxation are copied as below:
    relaxedMeasurement-r16              SEQUENCE {
        lowMobilityEvaluation-r16           SEQUENCE {
            s-SearchDeltaP-r16                  ENUMERATED {
                                                    dB3, dB6, dB9, dB12, dB15, 
                                                    spare3, spare2, spare1},
            t-SearchDeltaP-r16                  ENUMERATED {
                                                    s5, s10, s20, s30, s60, s120, s180,
                                                    s240, s300, spare7, spare6, spare5,
                                                    spare4, spare3, spare2, spare1}
        }                                                                          OPTIONAL,       -- Need R
        cellEdgeEvaluation-r16              SEQUENCE {
            s-SearchThresholdP-r16              ReselectionThreshold,
            s-SearchThresholdQ-r16              ReselectionThresholdQ              OPTIONAL        -- Need R
        }                                                                          OPTIONAL,       -- Need R
        combineRelaxedMeasCondition-r16     ENUMERATED {true}                      OPTIONAL,       -- Need R
        highPriorityMeasRelax-r16           ENUMERATED {true}                      OPTIONAL        -- Need R
    }                                                                              OPTIONAL        -- Need R
As we can see, the parameters for “cell edge evaluation” and “low mobility evaluation” are configured in parallel. And there is global switch defined for each evaluation condition (e.g. the UE considers the function is enable when the thresholds are configured). If we simply reuse those RRM parameters, in case the network configures those parameters in system information, both legacy UEs and Redcap UEs will enable RRM relaxation function. However, in real deployment, it is possible that network may only want to enable RRM relaxation for Redcap UE without impact legacy UEs (i.e. disable the function for legacy UEs), or vice versa. Therefore, we suggest to at least decouple the RRM relaxation function switch for Redcap UE and legacy UEs.  
Proposal 3: Decouple the RRM relaxation control for Redcap UEs and legacy UEs (e.g. network can enable the function for either Redcap UE or legacy UE separately).
While for RRC_CONNECTED UEs, the RRM measurements are performed based on network’s instruction. From UE’s point view, the UE is unaware of the purpose of each configured measurements. Since only stationary UE is considered, from network point of view, at least there is no need to configure coverage based measurement to the UE. Furthermore, the measurements on neighbour cells could be avoid unless specific scenarios, e.g. load balance.
Observation 3:  For stationary UEs, there is no need to configure mobility related RRM measurements unless specific scenario, e.g. load balance.
Therefore, to reduce the power consumption of RRC_CONNECTED stationary Redcap UE, one potential solution is to let network to only configure RRM measurements if necessary, e.g. does not configure inter-frequency measurements and inter-RAT measurements even if the UE is in cell edge. 
In addition, according to the discussion in power saving WID, the main method of RRM relaxation is to increase measurement intervals. Based on the TS 38.133, for connected mode intra-frequency and inter-frequency measurement, RAN4 has defined measurement interval/period requirements as below (e.g. FR1 case):
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Extracted from TS 38.133 start~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
  Table 9.2.5.2-1: Measurement period for intrafrequency measurements without gaps (Frequency FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	ma(200ms, ceil(1.5x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( 5 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 9.3.5-1: Measurement period for inter-frequency measurements with gaps (Frequency FR1)
	Condition NOTE1,2
	T SSB_measurement_period_inter

	No DRX
	max[200ms, [8] x max(MGRP, SMTC period)] x CSSFinter

	DRX cycle ≤ 320ms
	max[200ms, ceil(8 x 1.5) x max(MGRP, SMTC period, DRX cycle)] x CSSFinter

	DRX cycle > 320ms
	[8] x DRX cycle x CSSFinter

	NOTE 1: 	DRX or non DRX requirements apply according to the conditions described in section 3.6.1
NOTE 2: 	In EN-DC operation, the parameters, timers and scheduling requests referred to in section 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.


~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TS 38.133 end~~~~~    ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
As highlighted in above tables, in case DRX is not configured or DRX cycle is less than 320ms, the measurement period of both intra-frequency and inter-frequency cases can be scaled by SMTC period, which means the larger the SMTC period, the larger the measurement period. From RAN4 perspective, as long as UE’s measurement period does not exceed the value defined in above table, the RSRP/RSRQ/SINR accuracy can be fulfilled.
Observation 4 	According to the UE requirement defined by RAN4, the measurement period of both intra-frequency and inter-frequency are defined based on SMTC period.
Currently, the SMTC configuration (e.g. SMTC period) is included in NR measurement object which configured by the network. Therefore, for stationary Redcap UE, the other way to reduce RRM power consumption is to configure longer SMTC period in UE’s measurements. And there is no extra work needed in RAN4 under this approach. 
Observation 5:  For stationary UE, network can configure longer SMTC period in measObjectNR in order to increase UE’s measurement interval.
Based on above analysis, for stationary UEs, the network can either reduce the number of RRM measurements or provide longer SMTC period, to reduce UE’s power consumption in RRM. These executions are already supported in current specification, that no extra standardize effort is needed. And it can be up to network implementation as long as the network can identify the stationary UEs. Therefore, we propose:
Proposal 4: For RRC_CONNECTED UEs, leave it up to network implementation whether/how to do RRM relaxation on stationary Redcap UEs.
As discussed above, to achieve proposal 4, the network should be aware of the type of the UE (i.e. stationary). Under Redcap discussion, one main target is to study the identification of UE type. However, based on discussion in RAN1, they mainly focus on the maximum supported bandwidth, data rate and other aspects. Most likely, the categorizing of UE type will be take UE’s mobility state into consideration.
Observation 4:  The discussion of UE type identification may not be take into account the mobility state of UE, thus the network may not know a UE is stationary or not based on the type of Redcap UE.
Therefore, we see the need to inform network about the stationary information of Redcap UE, while the detail method can be discussed in next few meetings. 
Proposal 5: Stationary Redcap UE can indicate its non-mobility attribution to network, FFS on detail method.
3. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1:  For Rel-16 RRM relaxation in power saving WID, only IDLE/INACTIVE UEs are considered.
Observation 2:  For Rel-16 RRM relaxation, when UE fulfills specific conditions, the UE is allowed to stop intra-frequency, inter-frequency and inter-RAT measurements for 1 hour.
Observation 3:  For stationary UEs, there is no need to configure mobility related RRM measurements unless specific scenario, e.g. load balance.
Observation 4 	According to the UE requirement defined by RAN4, the measurement period of both intra-frequency and inter-frequency are defined based on SMTC period.
Observation 5:  For stationary UE, network can configure longer SMTC period in measObjectNR in order to increase UE’s measurement interval.

Proposal 1: Consider RRM relaxation for both RRC_IDLE/INACTIVE and RRC_CONNECTED stationary UEs.
Proposal 2: For RRC_IDLE/INACTIVE Redcap UEs, to reuse the Rel-16 RRM relaxation mechanism as much as possible.
Proposal 3: Decouple the RRM relaxation control for Redcap UEs and legacy UEs (e.g. network can enable the function for either Redcap UE or legacy UE separately).
Proposal 4: For RRC_CONNECTED UEs, leave it up to network implementation whether/how to do RRM relaxation on stationary Redcap UEs.
Proposal 5: Stationary Redcap UE can indicate its non-mobility attribution to network, FFS on detail method.
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