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1	Introduction
Release 17 work item on UE power saving enhancements for NR was approved in [1]. This new work item contains following objective which is likely to have RAN4 RRM impact [1]:
	1) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
….
a) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS



In this contribution, we discuss the power saving techniques for UEs in radio link monitoring (RLM) and beam management (BM) procedures from an RRM perspective.  
2	Discussions on power saving techniques for radio link monitoring and beam management
The work item objective clearly states that relaxing of UE measurements for RLM applies particularly for low mobility UE with short DRX periodicity/cycle. The expected RAN4 work can be divided into two parts as follows:
1) Scenario/criteria under which relaxed RLM and BM can be performed
2) RLM and BM degradation during relaxation
3) Relaxed requirements for RLM and BM
2.1. Scenario/criteria for applying relaxed RLM/BM
The basic question that RAN4 needs to first discuss is the (low mobility) criteria for allowing the UE to operate the relaxed RLM and BM procedures. The criteria should be defined such that it targets low mobility UEs configured with short DRX cycles and such that there is no or minimum degradation to the corresponding legacy RLM and BM performance. 
RLM and BM are performed in RRC CONNECTED state. Therefore, low mobility criteria can be evaluated by the UE or the network. In the latter case, the network determines whether the UE meets the low mobility criteria and configures the UE whether it can operate RLM/BM in a relaxed mode. In some cases, the UE can be allowed to relax both RLM and BM procedures, but in others only one of the procedures can be allowed to be relaxed. Upon receiving the configuration from the network, the UE starts performing the RLM/BM in a relaxed mode. On the other hand if the low mobility criteria are evaluated by the UE, the relaxation criteria needs to be specified and the UE shall be allowed to relaxed RLM/BM only if it meets the specified relaxation criteria, which may be different for RLM and BM. 
In release 16 IDLE/INACTIVE states, one of the scenarios in which relaxed neighbor cell measurement requirements were applied was for low mobility UEs and the UE evaluates the criteria. The low mobility criteria were based on variation in signal strength measurements (SrxLev). However, this method is not adequate for RLM/BM relaxation because they are critical features in RRC CONNECTED state. In order to secure acceptable RLM/BM performance under relaxation and to ensure that the relaxation is applied only when the radio link quality is good and reliable. 
Therefore, RAN4 needs to first discuss and agree on the basic question: whether to define NW based, UE based criteria or a combination of NW and UE-based criteria for determining the low-mobility scenario where the UE is allowed to operate RLM/BM in relaxed mode. In the combined approach some aspects of the criteria can be pre-defined while parameter values can be configured by the network.
   
· Proposal #1: RAN4 to discuss and agree on one of the following options:
· Option 1: Low mobility scenario under which the UE is allowed to relax the RLM/BM requirements is determined by the network.
· Option 2: Low mobility scenario under which the UE is allowed to relax the RLM/BM requirements is determined by the UE.
· Option 3: Low mobility scenario under which the UE is allowed to relax the RLM/BM requirements is determined by both the network and UE.
2.2. RLM and BM degradation during relaxation
The UE may start experiencing RLM performance degradation after the UE has entered in the relaxed RLM mode after passing the relaxation criteria. For example the UE may detect out-of-sync and may even trigger T310 timer. In this situation the UE should assess the radio link quality over shorter time for enabling the UE to detect possible in-sync before the T310 expires. Therefore, when certain number of OOS are detected or at least when T310 is running the UE should revert to the RLM with normal mode (legacy operation).
Similarly, the UE may start detecting beam failure after the UE has entered in the relaxed BM mode after passing the relaxation criteria. Upon beam failure detection the UE should quickly search for new candidate beams and report them to the network. Therefore, upon detecting the beam failure the UE should not be allowed to continue performing BM with relaxation and instead revert to the legacy BM operation. 
· Proposal #2: The UE while performing relaxed RLM upon detecting certain number of out-of-sync indications or upon triggering T310 reverts to the normal RLM operation (i.e. without relaxation). .
· Proposal #3: The UE while performing relaxed BM upon beam failure detection reverts to the normal BM operation (i.e. without relaxation).

2.3. Relaxed requirements for RLM/BM
The second part of the expected RAN4 work concerns how to determine the relaxed requirements for RLM and BM. There are different alternatives which include: extending the RLM/BM evaluation period, extending the RLM (in-sync, out-of-sync) indication interval, extending the BM indication interval, relaxing the L1-RSRP measurement accuracy, relaxing the RLM-RS resources (fewer RLM-RS configurations), etc. RAN4 needs to discuss these alternatives further. In release 16 UE power saving work, the legacy/normal requirements were relaxed using a scaling factor. The scaling factor can be predefined or signaled by the network. In our view, a similar approach can be adopted for defining the relaxed RLM/BM. For example, the legacy evaluation period and the indication intervals can be relaxed by a scaling factor, e.g. K=2 or K=4. K can be predefined or signaled, and needs more discussions.  
BM is used in both PCell and SCell in CA or PSCell and SCell in NR-DC. In intra-band CA or DC, the UE typically has common RF front end for SpCell and SCell(s). In intra-band CA/DC if the BM relaxation criteria is met only for one serving cell then, whether the BM relaxation is also allowed on other serving cells needs further investigation both from UE power saving and network performance perspective. 
· Proposal #4: RAN4 to further discuss use of a scaling factor for defining the relaxed RLM/BM evaluation period and indication intervals. 
· Proposal #5: RAN4 to further discuss the relaxation of BM when not all serving cells in intra-band CA/DC meets relaxation criteria.
Relaxed RLM/BM requirements imply that the UE performs measurements on reference signals (e.g. SSB, CSI-RS) more infrequently compared to the measurements done in legacy RLM/BM. For example, under relaxation the UE may only need to measure 4 times less often during the evaluation period than it has to measure for the same procedure in in the normal (legacy) normal mode. In the normal mode, the UE can be configured to monitor the PDCCH for e.g., DL data scheduling and UL grant, as often as in every resource in every slot, or during the ON duration of the DRX cycle (if DRX is configured). However, there will be no or minimal power saving if the UE monitors PDCCH as in legacy when performing the RLM/BM in relaxed mode. Hence, RAN4 needs to discuss the impact of RLM/BM relaxation on PDCCH monitoring. For example, UE may need to monitor also the PDCCH for UE specific search space in relax mode (e.g. less frequently) if UE is operating RLM/BM in the relaxed mode.
· Proposal #6: RAN4 to discuss the impact of RLM/BM relaxation on PDCCH monitoring. 
3		Summary
In this contribution we have provided our initial view on relaxed radio link monitoring and beam management requirements. Based on the discussions, we have made following proposals:
· Proposal #1: RAN4 to discuss and agree on one of the following options:
· Option 1: Low mobility scenario under which the UE is allowed to relax the RLM/BM requirements is determined by the network.
· Option 2: Low mobility scenario under which the UE is allowed to relax the RLM/BM requirements is determined by the UE.
· Option 3: Low mobility scenario under which the UE is allowed to relax the RLM/BM requirements is determined by both the network and UE.
· Proposal #2: The UE while performing relaxed RLM upon detecting certain number of out-of-sync indications or upon triggering T310 reverts to the normal RLM operation (i.e. without relaxation). .
· Proposal #3: The UE while performing relaxed BM upon beam failure detection reverts to the normal BM operation (i.e. without relaxation).
· Proposal #4: RAN4 to further discuss use of a scaling factor for defining the relaxed RLM/BM evaluation period and indication intervals. 
· Proposal #5: RAN4 to further discuss the relaxation of BM when not all serving cells in intra-band CA/DC meets relaxation criteria.
· Proposal #6: RAN4 to discuss the impact of RLM/BM relaxation on PDCCH monitoring. 
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