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Introduction
[bookmark: _Hlk510705081]In [] RAN4 send a LS to RAN1, posing two questions related to RLM; BFD, CBD and L1-RSRP related measurements as follows: 
	1. [bookmark: _Hlk16150552]Is UE expected to monitor CSI-RS resources for Radio Link Monitoring (while T310 timer is not running), Beam Failure Detection, Candidate beam detection [the set q1] (before beam failure detected and after beam failure detected) and L1-RSRP computation outside DRX active time, if configured? 
2. Will the CSI-RS resources for Radio Link Monitoring, Beam Failure Detection, Candidate Beam Detection [the set q1] and L1-RSRP Computation be always available outside DRX active time, if configured?  



In following section we provide our view and propose answers for these question.
Discussion
Interaction between measurements and C-DRX operation is touched upon different parts of RAN1 specification. It appears that RAN4 question originates from the specific exceptions defined for CSI-RS for mobility. 

CSI-RS for mobility measurements
Like indicated by RAN4, in 38.214 for the CSI-RS for mobility two aspects are accounted in relation to C-DRX operation. Firstly it is explicitly stated that when UE is configured with C-DRX it is not required to perform measurements on CSI-RS resources (configured by CSI-RS-Resource-Mobility) outside active time. I.e. if network wants to have for example events evaluated based on CSI-RS for mobility when DRX is applied, it would need to ensure that the necessary CSI-RS resources would fall on C-DRX onDurationTimer. In addition, as UE is not expected to measure the mobility CSI-RS outside active time, it was further agreed (after some debate) that when the applied DRX cycle is longer than 80ms, UE may not expect the CSI-RS resources for mobility (configured by CSI-RS-Resource-Mobility) to be available outside the UE active time.
Observation: In case of CSI-RS for mobility, specific exceptions are given in 38.214 Section 5.1.6.1.3 in relation to the requirement to measure outside active time as well for the presence of resources. 

CSI reporting based on NZP and IM CSI-RS resources
For CSI-RS for CSI computation and L1-RSRP reporting determined in 38.214, some exceptions are defined in relation of C-DRX operation and Active Time. For CSI-RS reception procedure (in Section 5.1.6.1) it has been determined that if UE is configured with DRX, the most recent CSI measurement occasion for NZP CSI-RS occurs in active time for the corresponding CSI report to be reported. 
In Section 5.2.2.5 on CSI reference resource definition it is stated that UE reports the CSI report only if it has received (at least one) CSI-RS transmission for channel and/or interference measurement in DRX Active time. Hence, for CSI reporting, it has been explicitly determined that UE is only required to report CSI based on resources that occurred during the active time.
Hence, CSI-RS (NZP and IM) for CSI and L1-RSRP reporting is only required to be measured by the UE during active and if no new CSI-RS resource is available for measurement during active time prior the reporting, the latest measurement result is used (in reporting).
In context of 38.214 there is no exception given for the presence of the CSI-RS for CSI computation in respective of inside or outside of active time, hence UE can assume that the configured NZP CSI-RS and CSI-IM are present also outside active time according to the configuration. 
Observation: For CSI and L1-RSRP reporting, it has been explicitly determined that UE is not required to report CSI or L1-RSRP based on NZP CSI-RS or CSI-IM that do not occur during the active time. UE may assume that the configured NZP CSI-RS and CSI-IM are also present outside active time. 

Measurements on RLM-RS resources
Radio link monitoring related behaviour is described in Section 5 of 38.213. In this section the C-DRX aspect, is accounted in radio link quality indications, so that the indication interval is relaxed compared to non-DRX mode operation so that the indication period is maximum between the shortest periodicity for radio link monitoring resources and DRX period. It is good to note that radio link monitoring resources could be SSB(s) and/or CSI-RS resources determined explicitly by higher layer signalling (RadioLinkMonitoringRS) or determined implicitly (based on active TCI state). Hence, there is relaxation allowed for the RLM measurement interval used by the UE implementation, by relaxing the UE minimum evaluation interval and indication interval[footnoteRef:2].  [2:  Correspondingly RAN4 has relaxed the evaluation period for cases when DRX is applied, for SSB based and CSI-RS based, until Radio Problem has been detected, after which non-DRX conditions apply.] 

However, in RAN1 specification, whether UE is in active time or outside active time, no exception is given for dropping measurements on RLM resources, not for SSBs based nor for CSI-RS based RLM. RAN4 has determined relaxations for the UE RLM evaluation period for cases when DRX is applied, for SSB based and CSI-RS based to reduce the required UE measurement activity in DRX. Such relaxation is only allowed until a Radio Problem has been detected (T310 has been triggered in the UE), after which non-DRX conditions apply. 
In context of 38.213 or 38.214 there is no exception given for the presence of the CSI-RS for RLM in respective of inside or outside of active time, hence UE can assume that the configured RLM-RS are present also outside active time according to the configuration. 
Observation: . No specific exception for radio link monitoring related measurements is given in RAN1 relation to the resources falling outside active time, hence UE may also be required to monitor RLM-RS resources outside active time. Correspondingly, no exception has been given for the presence of the RLM-RS, and therefore UE can assume the RLM-RS resources to be present also outside active time. 



Measurements on BFD-RS and CBD-RS
For Beam Failure Detection and Recovery (candidate beam detection - CBD) behaviour is provided in Section 6 of 38.213. For BFD, based on evaluation of set , in the DRX operation the indication period is left for RAN4[footnoteRef:3]. Hence, following the RAN1 specification, and accounting agreements in RAN4 specification (38.133) allowing relaxed evaluation period in DRX mode operation, the UE is allowed to relax the BFD related measurement activity during DRX (based on the extended measurement period). For BFR/CBD, in 38.213, UE is only required to provide indexes from the set , (that are equal or exceed Qin,LR threshold) when requested by upper layers. Surprisingly for BFR/CBD UE is allowed to carry out relaxed evaluation for link recovery if the applied DRX cycle is longer than 320ms, further delaying the recovery and increasing risk of RLP. [3:  In 38.133, Section 8.5.4, has relaxed in the indication period for BFD for DRX mode operation compared to the non-DRX mode operation. Also the evaluation period for SSB (8.5.2 in 38.133) and CSI-RS (8.5.3 for CSI-RS) based BFD has been relaxed for DRX mode operation.] 

Hence, for BFD or BFR/CBD, SSB or CSI-RS based, there are no exception given in respect of dropping measurements in the resource set  or set , inside or outside active time.    
The BFD-RS and CBD-RS can be configured by higher layers (failureDetectionResources and candidateBeamRSList) and in addition, if BFD-RS are not given by higher layers, based on active TCI-state of CORESET(s). As for RLM-RS, in context of 38.213 or 38.214 there is no exception given for the presence of the CSI-RS resources for BFD or BFR/CDB in respective of inside or outside of active time, hence UE can assume that the configured BFD-RS or CBD-RS are present also outside active time according to the configuration. 
Observation: No specific exception for beam failure nor recovery measurements are given in relation to resources falling outside active time i.e. UE may be required to monitor BFD or CBD outside active time. Correspondingly, no exception has been given for the presence of the BFD-RS or CBD-RS, and therefore UE can assume the BFD-RS and BFR-RS resources to be present also outside active time.
Concerning CBD measurements 38.213 states that only upon request from higher layers, the UE provides to higher layers the periodic CSI-RS configuration indexes and/or SS/PBCH block indexes from the set q1 and the corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold. Hence, the RAN1 specification does not require the UE measure CSI-RS for CBD (the set q1) before beam failure detection. 
Observation: RAN1 specification does not require measurement of set q1 before beam failure detection.
Draft response
Based on the afore discussion it can be observed that in RAN1 specifications the exceptions where UE may drop certain measurements or presence of certain resources outside active time has been explicitly noted. Therefore it is proposed to have following responses to RAN4 questions:-
Proposal: It is proposed to answer to the RAN4 questions as follows:
Q1: Is UE expected to monitor CSI-RS resources for Radio Link Monitoring (while T310 timer is not running), Beam Failure Detection, Candidate beam detection [the set q1] (before beam failure detected and after beam failure detected) and L1-RSRP computation outside DRX active time, if configured? 


Reply for Radio Link Monitoring: Yes, the UE may be required to monitor RLM-RS resources outside its active time.
Reply for Beam Failure Detection: Yes, UE may be required to monitor BFD-RS resources outside active time.
Reply for Beam Failure Recovery/Candidate Beam Detection: Yes, UE may be required to monitor BFR/CBD-RS resources outside active time. From RAN1 perspective UE is not expected do measurements for beam recovery/candidate beam detection (set q1) before detection of beam failure.
Reply for L1-RSRP computation: For L1-RSRP computation for CSI reporting, it has been explicitly determined that UE is not required to report L1-RSRP based on CSI-RS that did not occur during the active time. 
UE may assume that the configured NZP CSI-RS and CSI-IM are also present outside active time.
Q2: Will the CSI-RS resources for Radio Link Monitoring, Beam Failure Detection, Candidate Beam Detection [the set q1] and L1-RSRP Computation be always available outside DRX active time, if configured?  
Will the CSI-RS resources for Radio Link Monitoring, Beam Failure Detection, Candidate Beam Detection [the set q1] and L1-RSRP Computation be always available outside DRX active time, if configured?
Reply for all: Yes, if configured UE can expect the CSI-RS resources configured for RLM, BFD, CBD (beam recovery) and L1-RSRP to be present outside active time.
[bookmark: _Hlk23773683]
We have provided a draft response LS in [2].

Conclusion
In this paper we have discussed the questions raised in RAN4 LS [1]. We made following observations:-
Observation: In case of CSI-RS for mobility, specific exceptions are given in 38.214 Section 5.1.6.1.3 in relation to the requirement to measure outside active time as well for the presence of resources. 
. 
Observation: For CSI and L1-RSRP reporting, it has been explicitly determined that UE is not required to report CSI or L1-RSRP based on NZP CSI-RS or CSI-IM that do not occur during the active time. UE may assume that the configured NZP CSI-RS and CSI-IM are also present outside active time. 
Observation: No specific exception for radio link monitoring related measurements is given in RAN1 relation to the resources falling outside active time, hence UE may also be required to monitor RLM-RS resources outside active time. Correspondingly, no exception has been given for the presence of the RLM-RS, and therefore UE can assume the RLM-RS resources to be present also outside active time. 

Observation: No specific exception for beam failure nor recovery measurements are given in relation to resources falling outside active time i.e. UE may be required to monitor BFD or CBD outside active time. Correspondingly, no exception has been given for the presence of the BFD-RS or CBD-RS, and therefore UE can assume the BFD-RS and BFR-RS resources to be present also outside active time.

Observation: RAN1 specification does not require measurement of set q1 before beam failure detection.

Proposal: It is proposed to answer to the RAN4 questions as follows:
	1. Is UE expected to monitor CSI-RS resources for Radio Link Monitoring (while T310 timer is not running), Beam Failure Detection, Candidate beam detection [the set q1] (before beam failure detected and after beam failure detected) and L1-RSRP computation outside DRX active time, if configured? 
[RAN1 answer]: 
[bookmark: _Hlk23939831]Reply for Radio Link Monitoring: Yes, the UE may be required to monitor RLM-RS resources outside its active time.
Reply for Beam Failure Detection: Yes, UE may be required to monitor BFD-RS resources outside active time.
Reply for Beam Failure Recovery/Candidate Beam Detection: Yes, UE may be required to monitor BFR/CBD-RS resources outside active time. From RAN1 perspective UE is not expected do measurements for beam recovery/candidate beam detection (set q1) before detection of beam failure.
Reply for L1-RSRP computation: For L1-RSRP computation for CSI reporting, it has been explicitly determined that UE is not required to report L1-RSRP based on CSI-RS that did not occur during the active time.
2. Will the CSI-RS resources for Radio Link Monitoring, Beam Failure Detection, Candidate Beam Detection [the set q1] and L1-RSRP Computation be always available outside DRX active time, if configured?  
[RAN1 answer]: 
Reply: Yes, if configured UE can expect the CSI-RS resources configured for RLM, BFD, CBD (beam recovery) and L1-RSRP to be present outside active time.





We have provided a draft response LS in [2].
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