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1. Introduction

The WI of power saving enhancements for NR is to be discussed in RAN4 from this meeting. The objectives of the WI [1] are duplicated as below.
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]

· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting

b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]

· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required

2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]

a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 

· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.

b) 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


Based on the current progress in RAN1, the schemes for paging enhancements, TRS/CSI-RS utilization and PDCCH monitoring reduction have no impact on RAN4 RRM. So RAN4 focus on the last objective: the feasibility and performance impact of RLM/BFD relaxation in connected mode. This paper provides preliminary analysis on RLM/BFD relaxation.
2. Discussion
In essence, RLM and BFD are similar, so this paper focus on RLM. The straight forward way of RLM relaxation is to skip some RLM occasions. Extending the RLM evaluation period or reducing the RLM samples needs further discussion when defining the requirements. According to the objective, the feasibility and the power saving gain from RLM relaxation shall be studied at the study phase.

In current specification, the evaluation period requirements for SSB based RLM and CSI-RS based RLM are specified separately as below. 
Table 8.1.2.2-1: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR1

	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.


Table 8.1.3.2-1: Evaluation period TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS for FR1

	Configuration
	TEvaluate_out_CSI-RS (ms) 
	TEvaluate_in_CSI-RS (ms) 

	no DRX
	Max(200, Ceil(Mout×P)×TCSI-RS)
	Max(100, Ceil(Min×P) × TCSI-RS)

	DRX ≤ 320ms
	Max(200, Ceil(1.5×Mout×P)× Max(TDRX, TCSI-RS))
	Max(100, Ceil(1.5×Min×P)× Max(TDRX, TCSI-RS))

	DRX > 320ms
	Ceil(Mout×P) × TDRX
	Ceil(Min×P) × TDRX

	NOTE:
TCSI-RS is the periodicity of the CSI-RS resource configured for RLM. The requirements in this table apply for TCSI-RS equal to 5 ms, 10ms, 20 ms or 40 ms. TDRX is the DRX cycle length.


Figure 1 provides an example of SSB based RLM. SSB periodicity is typically set as 20ms. In Figure 1, DRX cycle is set to 40ms. Herein the RLM evaluation period depends on DRX cycle length. DRX on-duration comprises SSB. In this case, the typical UE implementation is that SSB based RLM is performed within DRX-on. PDCCH decoding and SSB based RLM are performed simultaneously within DRX-ON. SSB based AGC adjustment is considered and performed per 160ms. If RLM relaxation is applied, UE can skip some RLM measurement occasions. 
Figure 2 provides another example where SSB and DRX-on is misaligned. In this case, UE can perform SSB-AGC adjustment and SSB-based RLM simultaneously (highlight in purple). In the DRX onduration, UE needs to decode PDCCH. If RLM relaxation is applied, UE can skip some RLM measurement occasions.
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Figure 1. RLM when DRX on-duration comprises SSB
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Figure 2. RLM when SSB and DRX-on is misaligned
As we know, for both FR1 and FR2, the L1-RSRP measurement can be configured. UE can perform SSB based L1-RSRP and SSB based RLM at the same time in FR1. In this WI if SSB based RLM is relaxed, while L1-RSRP measurement is still performed, power saving needs to be evaluated. In other words, the background service, e.g., L1-RSRP measurement, L3-RSRP measurement, is suggested to be modelled as well when we evaluate the power saving gain.
In summary, at the study phase of the WI, we need to align the parameters, model and metrics to valuate UE power saving gain. The cases in Figure 1 and Figure 2 are provided as an example. Other configuration like L1-RSPR, L3 measurement is suggested to be considered as well.
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