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Introduction
[bookmark: _Toc242573354]In this contribution RLM/BFD relaxation state reporting is discussed one more time. 
Background
RAN4
In section 8.1.1 (relaxed RLM) and 8.5.1.1 (relaxed BFD) in 38.133 it is specified that the UE is not allowed to relax RLM/BFD measurements when “no DRX is used” or “DRX cycle is longer than 80ms” [1]: 
The UE is no longer allowed to relax RLM measurements and apply the relaxed radio link monitoring provided that at least one of the following conditions is met: 
-	The UE sends out-of sync indications to the higher layers,
-	The timer T310 is running.
-	No DRX is used or DRX cycle is longer than 80ms

The UE is no longer allowed to relax BFD measurements and apply the relaxed link recovery procedures provided that at least one of the following conditions is met: 
-	The timer beamFailureDetectionTimer is running.
-	No DRX is used or DRX cycle is longer than 80ms
The term “no DRX is used” is defined in section 3.6.1 in 38.133: 
3.6.1	RRC connected state requirements in DRX
For the requirements in RRC connected state specified in this version of the specification, the UE shall assume that no DRX is used provided the following conditions are met:
-	DRX parameters are not configured or
-	DRX parameters are configured and
-	drx-InactivityTimer is running or
-	drx-RetransmissionTimerDL is running or
-	drx-RetransmissionTimerUL is running or
-	ra-ContentionResolutionTimer is running or
-	a Scheduling Request sent on PUCCH is pending or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the preamble not selected by the MAC entity
Otherwise the UE shall assume that DRX is used.
When the UE is not allowed to relax when “no DRX is used” then the relaxation is DRX state dependent. 
The definition of “no DRX is used” in 3.6.1 in 38.133 is the same as the definition of Active Time in section 5.7 in 38.321, except when drx-OnDurationTimer is running (and assuming that the UE is continuously in Active Time when DRX is not configured):
When DRX is configured, the Active Time for Serving Cells in a DRX group includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer configured for the DRX group is running; or
-	drx-RetransmissionTimerDL, drx-RetransmissionTimerUL or drx-RetransmissionTimerSL is running on any Serving Cell in the DRX group; or
-	ra-ContentionResolutionTimer (as described in clause 5.1.5) or msgB-ResponseWindow (as described in clause 5.1.4a) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4 or 5.22.1.5). If this Serving Cell is part of a non-terrestrial network, the Active Time is started after the Scheduling Request transmission that is performed when the SR_COUNTER is 0 for all the SR configurations with pending SR(s) plus the UE-gNB RTT; or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in clauses 5.1.4 and 5.1.4a).
When the definition in clause 3.6.1 of “no DRX is used” is used in 38.133, then the term “condition” it used and there is an explicit reference to clause 3.6.1, e.g.:
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, Ceil(8 * Kgap)  Max(MGRP , SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(200ms, Ceil(8  1.5 * Kgap)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(8 * Kgap)  DRX cycle  CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:	For a UE supporting concurrent gaps, the MRGP above is the MRGP of the measurement gap associated with the target frequency layer to be measured if concurrent measurement gaps are configured.


But for the relaxed RLM/BFD measurements there is no reference to clause 3.6.1 and the term “configuration” is used. For example see section 8.1.2.4 for relaxed RLM (SSB-based) and section 8.5.2.4 for relaxed BFD (SSB-based), e.g.:
Table 8.1.2.4-1: Evaluation period TEvaluate_out_SSB_Relax for FR1
	Configuration
	TEvaluate_out_SSB_Relax (ms) 

	Max(TDRX,TSSB) ≤80ms
	Max(200 K3 NOTE3, Ceil(15  K1NOTE2  P)  Max(TDRX,TSSB))

	80ms < Max(TDRX,TSSB) ≤160ms
	Ceil(15  P)  Max(TDRX,TSSB)

	NOTE 1:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length and no longer than 80ms.
NOTE 2: 	K1 = 4 for Max(TDRX,TSSB) ≤40ms and K1 = 2 for 40ms<Max(TDRX,TSSB) ≤80ms.
NOTE 3: 	K3 = K1, if K1 ≤ 2; otherwise K3 = 1.


When 38.133 says “DRX cycle is longer than 80ms” it is not clear whether this means the configured DRX or the used DRX i.e. whether relaxation is dependent on the DRX state e.g. with shortDRX < 80 ms and LongDRX > 80 ms.
TS 38.133 is thus not consistent nor clear w.r.t. to the relaxed RLM/BFD measurement requirements. Clarifications have been discussed in RAN4 but not agreed [2, 3].
RAN2
RAN2 discussed corrections to the relaxed RLM/BFD state reporting, assuming that relaxation is dependent on the DRX state, e.g. “no DRX is used” [4, 5]. RAN2 agreed to update the reporting in 38.331, to exclude reporting due to DRX state changes:
Update the UE behavior so that the trigger for UAI reporting the RLM/BFD relaxation state excludes the case when the relaxation state change is due to the following condition in TS 38.133 clauses 8.1.1.1/8.5.1.1: The UE is no longer allowed to relax RLM/BFD measurements when no DRX is used.
We will work on detailed wording. 

However the CR 38.331 [6] was postponed because some companies wanted to wait for RAN4 progress, and the CR did also not reflect the agreement above.  
Discussion
DRX state
In this contribution the term “DRX state” is used to indicate a state which depends on whether certain DRX timers are running. Thus both Active Time and “no DRX is used” are DRX states. 
RLM/BFD measurement requirements
The UE performs RLM/BFD measurements based on periodic SSB and/or CSI-RS transmissions from the gNB. The UE is required to measure and evaluate when these RLM/BFD measurements drop below a threshold Qout, based on a number of L1 measurement samples using L3 filtering/averaging (e.g. 10) within a certain period Tevaluate_out [1]. When the RLM measurements drop below Qout an out-of-sync indication is triggered to assist detection of Radio Link Failure (RLF). When the BFD measurements drop below Qout it is used to assist in Beam Failure Detection and Recovery (BFD/BFR). 
The evaluation period (Tevaluate_out) is longer when the UE is allowed to perform “relaxed” RLM/BFD measurements, i.e. when the UE is in stationary (lowMobility) and in good coverage (goodServingCell). This allows the UE to skip RLM/BFD measurements during some SSB/CSI-RS occasions and save power.
The RLM/BFD measurements requirements are defined in terms of SSB/CSI-RS periodicity and DRX cycle length, to ensure that the UE does not need to wake-up from DRX (deep/light sleep) just to do the RLM/BFD measurements, i.e. the UE can perform the measurements during Active Time.
Thus the power saving gain is typically obtained during Active Time when the UE can decide to not measure during an SSB or CSI-RS occasion, but still meet the relaxed measurement evaluation requirement/delay. 
It is not clear what it means when the UE is not allowed to relax when “no DRX is used”. Then the UE is only allowed to skip SSB or CSI-RS occasions during the drx-OnDurationTimer, which would limit the UE power saving gain?
DRX state dependency
In case RLM/BFD relaxation is dependent on the DRX state, then the power saving gain is reduced because:
· The DRX state may change quickly and frequently.
· Relaxation reporting can cause the UE to enter Active Time where relaxation is not allowed.
The reporting would also not reflect the UE’s relaxation state, e.g. when the condition to relax is met in DRX and the UE transits to Active Time to send a “relaxed state” report, then the UE is in “not relaxed state”:
Observation 1: It is desirable that RLM/BFD relaxation does not depend on the DRX state but solely on the DRX configuration:
-	No DRX is used configured or the configured DRX cycle is longer than 80ms [7]
PS: the UE cannot relax when DRX is not configured, because the (relaxed) requirements are defined in terms of the configured/used DRX cycle.
RAN4 did not discuss Rel-17 maintenance during the Xiamen meeting, but Rel-17 maintenance is on the agenda for the Chicago meeting. It is possible that RAN4 agrees to update 38.133 in Chicago meeting, and then it does not make sense that RAN2 agrees on a correction in 38.331 in the same meeting that does not take this possible correction into account:  
Proposal 1: RAN2 waits for RAN4 progress concerning the relaxation condition in TS 38.133 clause 3.6.1. 
Ideally RAN4 could discuss the topic earlier in the week, leaving RAN2 to discuss the topic later in the week.
However in case RLM/BFD relaxation remains dependent on the DRX state, then the following options should be considered as well:
1. The relaxation state report is delayed until the UE is in Active Time
2. When the UE sends a relaxation state report only then the UE does not start drx-InactivityTimer, i.e. the UE does not enter Active Time
With option 1 and 2 the reporting does not reduce the UE power savings. With option 2 the RAN4 dependency on DRX state is bypassed for the relaxation state reporting, and the UE reports the correct relaxation state to the network:
Proposal 2: In case RLM/BFD relaxation remains dependent on the DRX state alternative corrections are not excluded. 
Short and Long DRX
In case RAN4 decides that relaxation is dependent on the DRX configuration, then it needs to be clarified whether the UE is allowed to relax when configured with Short DRX cycle ≤ 80 ms and Long DRX cycle > 80 ms. 
It may be consistent to specify that when any of the configured DRX cycles is longer than 80 ms then the UE is not allowed to relax. But this should be left to RAN4 to decide.
DRX reconfiguration
There is no need to report relaxation state change due to DRX reconfiguration, i.e. the gNB is aware of this and can take the relaxation state change, if any, into account.
RLF and beam failure
The UE is not allowed to relax RLM when out-of-sync is detected or T310 is running. And the UE is not allowed to relax BFD when beamFailureDetectionTimer is running. Thus the UEs relaxation state may change when the detection/timer starts/stops. However it may be difficult to send a report when RLF is detected or when beam failure on PCell is detected:
Proposal 3: RAN2 to discuss whether RLM relaxation state changes due to out-of-sync is detection or T310 or BFD relaxation state changes due to beamFailureDetectionTimer should be reported. 
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss RLM/BFD relaxation: 
Observation 1: It is desirable that RLM/BFD relaxation does not depend on the DRX state but solely on the DRX configuration:
-	No DRX is used configured or the configured DRX cycle is longer than 80ms 
Proposal 1: RAN2 waits for RAN4 progress concerning the relaxation condition in TS 38.133 clause 3.6.1. 
Proposal 2: In case RLM/BFD relaxation remains dependent on the DRX state alternative corrections are not excluded. 
Proposal 3: RAN2 to discuss whether RLM relaxation state changes due to out-of-sync is detection or T310 or BFD relaxation state changes due to beamFailureDetectionTimer should be reported. 
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