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1	Introduction
The RRM impact of release 17 work item on UE power saving enhancements for NR was discussed at previous meeting with the outcome summarized in [1]. In this way forward document, some areas for further study was identified. In this contribution we discuss those and provide our view. 
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 has the possibility to treat each UE differently, e.g. setting the criteria differently based on the UE behaviour which was not possible in release 16 UE power saving where the criteria were cell specific. For example, the serving gNB has the possibility to decide whether to allow relaxation or when to allow relaxation based on e.g. reported measurements, traffic/scheduling information, SINR conditions, positioning information, etc. This is an important advantage (which was not possible in release 16 UE power saving WI) that should be taken into account when discussing how to determine the criteria.      
· Observation #1: In release 17 UE power saving, it is possible to treat each UE separately by setting the relaxation criteria separately for each UE. 
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 was 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, some additional criteria would be needed.  
Based on the discussions above, we support the option of serving gNB/eNB determining the low mobility criteria under which the UE is allowed to relax RLM/BM requirements. However, it is still up to the UE whether to apply the relaxed RLM/BM provided that UE has met the configured criteria and relaxation is allowed by the network. For example, the UE may under certain conditions decide to not apply the relaxed RLM/BM although the serving gNB/eNB may have allowed it from the network perspective. It could be based on UE specific information which is not known to NW, such as how much power is currently left in the UE, whether the UE is running on battery or being charged, etc. Similarly, the network may disallow relaxation even if the UE has fulfilled the low mobility criteria for different reasons such as the UE under considered is being scheduled very frequently, or UE under consideration is being scheduled with critical data. The criteria for determining the low mobility state of the UE could be similar to the criteria used in release 16, where the UE determines low mobility state based on network configured parameters. 
· Proposal #1: Low mobility scenario under which the UE is allowed to apply the RLM/BM requirements is determined and configured to UE by the network, and it is up to the UE whether to apply relaxed RLM/BM requirements when configured.

Short DRX
The work objective states that the relaxation of RLM/BM requirements applies for UEs configured with short DRX periodicity. The study to evaluate the SINR error due to relaxation includes various DRX periodicities (e.g. 20 ms, 40 ms). The evaluation period in existing requirements is split into two part, below 320 ms and above 320 ms. Taking into account the longest SSB periodicity of 160 ms, one option is to allow the relaxation for DRX periodicity below 160 ms. Another option would be use the existing requirements as baseline, and allow the relaxation for UEs configured with shorter than 320 ms DRX periodicity. The short DRX periodicity for which relaxation is allowed can be decided based on the ongoing simulation study.
· Proposal #2: The short DRX periodicity for which relaxation is allowed is decided based on the ongoing simulation study.
2.2. RLM and BFD 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 BFD 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 BFD with relaxation and instead revert to the legacy BFD operation. 
· Proposal #3: 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 #4: The UE while performing relaxed BM upon beam failure detection reverts to the normal BFD operation (i.e. without relaxation).

2.3. Relaxed requirements for RLM/BM
2.3.1 Scheme for RLM/BFD measurements relaxation
RAN4 had brief discussions on different techniques for relaxing the requirements for RLM and BFD measurements. Based on the discussions, three different techniques were identified for relaxing the RLM/BFD measurement relaxation as shown below [1]:
	· Option 1a: RAN4 to further discuss use of a scaling factor for defining the relaxed RLM/BM evaluation period and indication intervals.
· Option 2: Reducing the number of candidate beams when UE fulfilled relaxed criteria can be a feasible way to reduce power consuming. 
· Option 3: Reducing the number reducing the sample number. 


 
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/BFD. The legacy evaluation period and the indication intervals can be relaxed by a scaling factor which can be decided based on the ongoing simulation study, e.g. K=2 or K=4. Whether K can be predefined or signaled needs more discussions. However, predefining the scaling factor in the specification is a simple approach which is therefore our preferred option. 
The problem with option 2 is that it may degrade the network coverage since the beams are directly associated with the coverage. gNB is scheduled to sweep Tx beams across the cell so that UE can receive the signals. Since gNB cannot change the number of beams according to UE status especially for FR2 due to the analog beam forming, if the number of candidate beams UE is receiving is reduced, then the coverage of that UE is also reduced. Reduced power consumption should not be achieved on the cost coverage. 
The existing RLM in-sync and out-of-sync evaluation periods are defined based on the number of samples used in the evaluation, which is 5 for in-sync and 10 for out-of-sync. The FR1 requirements are shown below [2]:
Table 1: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR1
	[bookmark: _Hlk513850563]Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(200, Ceil(10  P)  TSSB)
	Max(100, Ceil(5  P)  TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(15  P)  Max(TDRX,TSSB))
	Max(100, Ceil(7.5  P)  Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10  P)  TDRX
	Ceil(5  P)  TDRX

	NOTE:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.



Option 3 is related to reducing the number of samples which is an alternative to scaling the evaluation period using a scaling factor. By reducing the number of samples, the evaluation period becomes shorter, whereas scaling the evaluation period using a scaling factor extends the evaluation period while still using the same number of samples. Since the relaxed requirements shall apply to UEs under low mobility state, extending the evaluation period is more preferable option than option 3 since enables improved UE power consumption without compromising on the performance. In option 3, on the other hand, the UE is still required to take samples with the same periodicity and report with the same periodicity as in the legacy requirements.
· Proposal #5: Relaxed RLM/BFD requirements are defined by extending the legacy evaluation period with a scaling factor. 

[bookmark: _Hlk61255818]The scaling factor should be based on maximum of SSB periodicity and DRX cycle since the UE samples at max(TDRX, TSSB). Exact values of scaling factor(s) can be decided based on the ongoing simulation study. Since RAN4 has already applied the scaling factor of 1.5 in the case of DRX cycle <= 320ms, one way to define the relaxed requirement is by extending the evaluation period as follows in Table 2:
	Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(200, Ceil(10 ´ P) ´ TSSB)
	Max(100, Ceil(5 ´ P) ´ TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(Max(1.5, K1) x 10 ´ P) ´ Max(TDRX,TSSB))
	Max(100, Ceil(Max(1.5, K2) x 5 ´ P) ´ Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10 ´ P) ´ TDRX
	Ceil(5 ´ P) ´ TDRX

	NOTE 1:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.
NOTE 2:	K1 = FFS
NOTE 3:	K2 = FFS


Table 2: Radio link monitoring evaluation periods when the UE is allowed to relaxed RLM 

· Proposal #6: Scaling factor defining the relaxed RLM/BFD evaluation period is defined based on maximum of SSB periodicity and DRX cycle, max(TDRX, TSSB). 
RLM evaluations depend on estimated SINR level, i.e. in-sync evaluation is performed when the estimated SINR level is greater than a certain dB and out-of-sync evaluation is performed when it is below a certain dB. Given that the UE is operating in low mobility criteria with short DRX, it might be possible to allow different level of relaxation at different SINR region based on the SSB periodicity and DRX cycle length as stated in proposal 6. For example, when the UE expected to wake up more frequently and perform RLM evaluation then the UE can be allowed to perform relaxed RLM /BFD at lower SINR region. On the other hand, when the UE is expected to wake up and measure less frequently (due to SSB periodicity and DRX cycle), then UE is allowed less relaxation, i.e. at higher SINR region. This can be discussed further and decided based on the ongoing simulation study.
· Proposal #7: Whether different level of relaxation can be allowed for the different SINR region, taking into account SSB periodicity and DRX cycle, is discussed and decided based on the outcome of the simulation study.  

Relaxation of BM in intra-band CA/DC
According to 3GPP TS38.133 V16.6.0, beam failure recovery procedure is applicable for:
· PCell in SA, NR-DC, or NE-DC operation mode,
· PSCell in NR-DC and EN-DC operation mode, or
· SCell in SA, NR-DC, NE-DC or EN-DC operation mode.

In intra-band CA/DC operating scenarios, multiple serving cells may belong to the same frequency band and the RF front end is typically shared for between those cells (e.g. SpCell and SCells). If UE evaluates whether it fulfills the low criterion based on e.g. signal strength measurements such as RSRP then there would be very little difference between those in the different serving cells because they operate in the same band. In such scenarios, the UE does not have to evaluate the relaxation criterion separately for every serving cell. Instead, if the relaxation criterion has been fulfilled for on serving cell then UE can be allowed to perform relaxation also in other configured serving cells. This leads to less UE complexity as well power consumption. Similarly, assuming that the UE is performing BFD in relaxed mode then once UE has failed to fulfill the relaxation criterion in one of the serving cell then relaxed BFD operation should be disallowed in remaining serving cells.      
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 #7: For intra-band CA/DC scenario, if UE has fulfilled the criterion for operating BFD in relaxed mode in one serving cell (SpCell), then it is allowed to operate BFD in relaxed mode in all other serving cells (e.g. SCells). 
· Proposal #8: For intra-band CA/DC scenario, if UE has failed to fulfil the criterion for operating BFD in relaxed mode in one serving cell (SpCell), then it shall revert to normal BFD operation (i.e. without relaxation) in all other serving cells (SCells).

At previous RAN4 meeting there was an agreement to discuss the impact of RLM/BM on PDCCH monitoring [1]. 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). 
According to the legacy RLM requirements, the UE is required to perform RLM evaluation every max(TDRX, TSSB) [2]. When the relaxation is applied, then UE may perform the evaluation more sparsely depending on the relaxation factor. 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. Especially for short DRX and with large scaling factor, there will almost no power saving if the UE has to monitor the PDCCH as often as every DRX. 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 #9: PDCCH is monitored based on the RLM/BFD relaxation, and adaption of PDCCH monitoring and exact criteria needs further discussion.
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:
· Observation #1: In release 17 UE power saving, it is possible to treat each UE separately by setting the relaxation criteria separately for each UE.
· Proposal #1: Low mobility scenario under which the UE is allowed to apply the RLM/BM requirements is determined and configured to UE by the network, and it is up to the UE whether to apply relaxed RLM/BM requirements when configured.
· Proposal #2: The short DRX periodicity for which relaxation is allowed is decided based on the ongoing simulation study.
· Proposal #3: 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 #4: The UE while performing relaxed BM upon beam failure detection reverts to the normal BFD operation (i.e. without relaxation).
· Proposal #5: Relaxed RLM/BFD requirements are defined by extending the legacy evaluation period with a scaling factor. 
· Proposal #6: Scaling factor defining the relaxed RLM/BFD evaluation period is defined based on maximum of SSB periodicity and DRX cycle, max(TDRX, TSSB). 
· Proposal #7: For intra-band CA/DC scenario, if UE has fulfilled the criterion for operating BFD in relaxed mode in one serving cell (SpCell), then it is allowed to operate BFD in relaxed mode in all other serving cells (e.g. SCells). 
· Proposal #8: For intra-band CA/DC scenario, if UE has failed to fulfil the criterion for operating BFD in relaxed mode in one serving cell (SpCell), then it shall revert to normal BFD operation (i.e. without relaxation) in all other serving cells (SCells).a
· Proposal #9: PDCCH is monitored based on the RLM/BFD relaxation, and adaption of PDCCH monitoring and exact criteria needs further discussion.
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