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1. [bookmark: _Ref165266342]Introduction
In RAN2#112-e meeting, TR 38.875 for RedCap has been discussed, and it was agreed that:
· Power saving simulations results can be included case by case based on discussion 
· Power consumption analysis can be put in an Annex of the TR

During the email discussion of [AT112-e][111][REDCAP] TP drafting for the TR (Ericsson), the corresponding evaluation on power saving have been discussed and agreed to captured in TR 38.875. But the simulation results on power consumption for RRM relation in R2-2009087 has been missed in the first round of offline discussion. In the second round of email discussion, there are not too much responses on this part. 
As suggested by Rapporteur, we would like to submit a text proposal on the evaluation for RRM relaxation from the simulation results in R2-2009087 with some revisions suggested by some companies.
Discussion
In R2-2009087, we provide the evaluation on power saving gain for RRM relaxation for serving cell in idle/inactive mode and RRM relaxation in connected mode. The corresponding text proposal for TR 38.875 is provided in Section 3 below with some modification on the simulation results in R2-2009087. During the offline discussion on the TR for redcap, companies agreed that we should capture all reasonable analysis on the evalution in the TR. Thus, we suggest to capture the evaluation on power saving gain for RRM relaxation below.
Proposal: RAN2 to agree the corresponding TP for TR 38.875 on power saving gain for RRM relaxation below.
TP for TR 38.875 on RRM relaxation
---------------------------------------------------Text Proposal Start--------------------------------------------
[bookmark: _Toc56764127]E.x	Power saving for RRM relaxation
[bookmark: OLE_LINK3]E.x.1 	RRM relaxation in idle/inactive mode for serving cell in R2-2100459
· Simulation cases:
To evaluate the power saving gain of serving cell RRM relaxation for RedCap UEs in idle and inactive mode, the following 6 cases are modeled and evaluated, which are classified as three scenarios: Rel-15/Rel-16 paging monitoring mechanism, WUS is applied for paging monitoring, including with or without gap between WUS and SSB. 
Note: The intention to consider WUS together here is to provide the power saving gain in different scenarios (e.g. with or without WUS). As WUS in idle mode may be introduced in Rel-17 power saving, the following simulation results the power saving gain for RRM relaxation for use cases with and without WUS, which shows that there is still power saving gain even in the case with WUS.
· Scenario 1: When Rel-15/Rel-16 paging monitoring mechanism is adopted:
· Case1: No relaxation on serving cell RRM is applied, i.e. UE needs to measure one SSB and monitor one Paging Occasion (PO) per DRX cycle as legacy.
· Case2: RRM relaxation with 4x on serving cell, i.e. UE needs to measure one SSB every four DRX cycles and monitor one PO per DRX cycle. As a result, power consumption can be saved by skipping the monitoring of 75% SSBs and long deep sleep duration per DRX cycle can be achieved.
· Scenario 2: WUS is applied for paging monitoring, PO monitoring is only required when WUS is received, which occurs with low probability. It is assumed there is no time interval between WUS and SSB.
· Case3: No relaxation on serving cell RRM is applied, i.e. UE needs to measure one SSB and monitor one WUS per DRX cycle.
· Case4: RRM relaxation with 4x on serving cell, i.e. UE needs to measure one SSB every four DRX cycles and monitor one WUS per DRX cycle. 
· Scenario 3: WUS is applied for paging monitoring, PO monitoring is only required when WUS is received, which occurs with low probability. The time interval between WUS and SSB is assumed as 3ms and micro sleep is performed between WUS and SSB. 
· Case5: No selaxation on serving cell RRM is applied, i.e. UE needs to measure one SSB and monitor one WUS per DRX cycle. 
· Case6: 4 RRM relaxation with 4x on serving cell, i.e. UE needs to measure one SSB every four DRX cycles and monitor one WUS per DRX cycle. 

· Simulation Assumptions:
· The paging rate is 10%, referring to that 10% POs indicating UE to receive paging PDSCH.
· The time interval between a SSB and its relative PO is 10ms.
· 𝑃WUS= 𝑃PO = 𝑃SSB =50 power units/slot, where 𝑃WUS , 𝑃PO and 𝑃SSB represent the power consumpation for each WUS, PO and SSB reception respectively. The power consumpation is scaled to a 20MHz receiving bandwidth from the 100MHz power model in TR 38.840.
· TWUS= TSSB = 2ms, where TWUS and TSSB denote the duration of WUS and SSB.
· UEs are assumed as “true” stationary. 
· More detailed power consumption model could be found in TR 38.840.

· Simulation Results and Analysis:

The power saving gain are summarized in Table E.x.1. 
Table E.x.1: Power saving gain of RRM relaxation for serving cell in high SINR case
	Cases 
	Average relative power per slot
	Power saving gain or RRM relaxation

	w/o WUS
	Case 1
	1.6975
	13.4% 
(case 2 over case 1)

	
	Case 2
	1.4709
	

	w/ WUS
no gap between WUS and SSB
	Case 3
	1.5367
	3.6% 
(case 4 over case 3)

	
	Case 4
	1.4814
	

	w/ WUS
the gap between WUS and SSB is 3ms
	Case 5
	1.627
	8.3%
(case 6 over case 5)

	
	Case 6
	1.4914
	


Most of the gain are achieved by skipping SSB measurement with RRM relaxation. In addition, skipping SSB measurement extends the time interval between adjacent wake-up, leading to more energy efficient sleep, e.g. using one long deep sleep to replace serval micro sleeps.
[bookmark: _Ref40349693]Observation E.x.1: 3.6%~13.4% power saving gain is observed when 4 times RRM relaxation for serving cell is adopted by high SINR for idle/inactive UE.

E.x.2 RRM relaxation in connected mode in R2-2100459
RRC_Connected UEs is required to derive one L3 sample per 200ms at the maximum. Such frequent measurement may not be always necessary for stationary or low mobility RedCap UEs, e.g. some fixed industry sensors. In addition, UE is required to perform measurement on too many inter-frequency layers and cells per frequency layers. Related RRM relaxation enhancements has been evaluated in Rel-16 and some results indicate [TR 38.840]: 
· By increasing measurement period 4 times for RRC_Connected UEs, 11.1% - 26.6% power saving gains are observed, at the cost of 0.26% raise in handover failure rate for stationary or low mobility (e.g., 3km/h) case.
· By reducing the number of measured cells for RRC_Connected UEs, 1.8% - 21.3% power saving gain can be observed. In addition, 26.43% - 37.5% power saving gain is shown by assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity.
· By reducing the number of measured inter-frequency layers can provide 21%~38% power saving gain for RRC_Connected UEs.
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