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Introduction
In R17, Power saving WI include the following scope: [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 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] 
i) 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]
i) NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS

This contribution provides our initial thoughts and evaluation results on this issue.
Discussion on the power saving benefit
R17 power saving will be discussed based on completed R16 power saving. For connected mode UE, the following was specified for R16.
· DCP(DCI with CRC scrambled by PS-RNTI) to indicate whether UE need to wake-up before next DRX on-duration.
· Cross-slot scheduling
· Per-BWP MIMO layer adaptation
Based on above power saving techniques in companion with DRX, UE can achieve quite significant power saving gain if traffic data is not active for quite a period, e.g. around 1s to 10s, and network does not release UE from connected state. However, for some traffic type in which data packet arrives with interval of around 100ms to 200ms, relatively short DRX cycle can be configured to save UE power, e.g. 40ms. When DCP is configured, RLM/BFD measurement takes a great portion of the total power consumption. It is agreed in August RAN1 meeting that the UE may perform RLM measurement every DRX cycle, as in the LS that cc RAN4 [2]. Hence RLM power consumption heavily impacts the total UE battery life. Table 1 is an illustration for this. If RLM measurement is configured, additional significant +44% power is consumed. 
Table 1 illustration of RLM power comsuption
	Scheme
	w/ RLM
	w/o RLM

	State
	total
	Deep sleep
	Light sleep
	Micro sleep
	PDCCH
	PDCCH+PDSCH

	Power
	6.614
(+44%)
	4.57 (100%)

	
	
	53%
	0.08%
	9.25%
	36.29%
	1.3%

	Note : 
· longDRXCycle: 		160ms
· onDurationTimer: 		8ms
· drx_InactivityTimer: 		40ms
· slot length: 			0.5ms
· drxStartOffset relative to RLM-RS: -4 slot
· RLM-RS periodicity: 	20ms
· FTP Model 3, 0.1 Mbytes, Mean inter-arrival time=2000ms
· WUS is configured, wus_offset relative to DRX 4 slot
· PDCCH is monitored in every slot in Active Time



Observation 1 : when PDCCH WUS is configured, RLM/BFD measurement take a great portion of the total power consumption.
A more detailed illustration is provided in Table 2, while the power consumption is evaluated based on different DRX start offsets relative to RLM-RS. Since the RLM/BFD offset is not necessarily aligned with DRX, additional 15%~27% power saving gain can be achieved if DCP is configured and RLM/BFD is relaxed from 1x to 5x.
Table 2 Illustration of power comsuption for RLM relaxation


Observation 2: To optimise the case where data packet arrives with interval of around 100ms to 200ms, relaxation of RLM/BFD may further achieve power saving gain on top of R16 power saving techniques. If PDCCH WUS is configured and relaxing RLM-RS measurement from 1x to 5x,15 ~ 27% additional gain can be achieved
Regarding to the RSs for RLM/BFD and RRM in the connected state, we have the following observation:
· As stated in TS 38.213, for RLM/BFD, the RSs used for RLM and/or BFD, should be the RSs providing QCL information for active TCI states of PDCCH, by default. Moreover, as stated in TS 38.214, for TCI-states of dedicated CORESETs, the QCL source configured should be CSI-RS configured in a NZP-CSI-RS-ResourceSet.
· As stated in TS 38.331, serving cell measurement is indicated in the servingcellMO.
· As stated in TS 38.133, for at least SSB based RRM, which is mandatory for UE, serving cell measurement is done in the procedure of intra-frequency measurement, and measurement period requirement is also specified.
It is clear that in most cases RLM-RSs or BFD-RSs are different from the RSs used for RRM. That means for each DRX cycle that needs measurement, UE need to measure different RSs with different frequency/time location, and if necessary, perform filtering on these results. This would lead to unnecessary power consumption, which can be optimized.
Observation 3: By default, RLM/BFD RSs are different from the RSs that used for RRM, and UE is required to perform unnecessary measurement and filtering on these RSs for RLM/BFD.
Based on above observation, we see the necessity and motivation for R17 RLM/BFD relaxation, and as stated in the WID, RAN4 need to perform analysis on the feasibility and performance impact on these issue.

Discussion on mobility performance impact
In R15, there was one agreed system level simulation assumption [3], which was used to justify the number of cells/beams to be measured by the UE. Regarding to RLM/BFD requirement, most discussion was on how much samples are needed, and what is the hypothetic PDCCH configuration of OOS and IS identification, where link level simulation was used. The basic assumption is that UE can perform one measurement for each DRX cycle or each pre-defined period, and there was no justification on how much relaxation can be done according to different mobility state.
In R16 power saving, due to lack of time, RAN4 did not perform system level evaluation before specifying idle state RRM relaxation. There was no agreement on the evaluation assumption in RAN4 and the discussion was based on evaluation results in RAN1 TR.
In R17 power saving, in our view, RAN4 should discuss the evaluation assumption and make agreements in the first meeting, i.e. RAN4 #97e. In our understanding, the evaluation assumption listed in [3] can be a starting point for this discussion. Based on the assumptions in [3], some initial results are available as below with the following additional assumptions.
· Small scale fading: In this evaluation only large scale shadow fading is evaluated while the correlation distance is based on TR 38.901. Small scale fading is not implemented.
· Interference assumption: UE is assume to be interfered by one specific beam from each neighbour cell and the signal strength of this interference is generated based on large scale fading and array gain.
Table 3 Additional assumption based on [3]
	Parameters
	Selected option from [3]

	Evaluated scenario
	Dense urban (UMi) in FR1

	Moving across Boarder
	Option 1: Wrap around

	BS array configuration
	(M,N,P,Mg,Ng) =
Option 2: (2,4,2,1,1)
(dH,dV) =
Option 2: (0.5, 0.9)λ



Figure 1 shows the CDF of SS-RSRP variation and SS-SINR variation within the measurement interval(MI). To align with analysis with [2], 40ms DRX cycle length is assumed, so that the baseline for measurement interval is 1.5 x 10 x 40ms = 600ms. Relaxation of 4 times and 10 times, i.e. 2400ms and 6000ms are shown in the figure. Additionally we provide 20ms and 200ms as reference. It can be observed that the variation of either RSRP or SINR is not significant, even if the MI = 6000ms. That means there should be room for such RLM/BFD relaxation.
[image: ]
Figure 1 For UMa and UE speed = 3km/h, CDF of SS-RSRP variation and SS-SINR variation within the measurement interval(MI)
To check more details on the feasibility of the relaxation, we suggest to check the probability of variation smaller than 10-2 within a given MI. As we know the PDCCH BLER is targeting as 10-2, so if a threshold is set so that within the MI the occurrence of channel variation below the threshold would be lower than the PDCCH BLER, the impact from variation of SINR can be comparable to the absolute SINR. From Figure 2 and Figure 3, i.e. if UE movement is 3km/h, in each case we can figure out a proper threshold for MI = 2400ms, where within this MI, the probability of RSRP variation larger than that threshold is less 10-2. By setting such threshold in UE RLM/BFD relaxation, UE may relax at least 4 times to achieve power saving gain. However, if UE movement is 30km/h, as in Figure 4, there is no room for RLM relaxation. 
[image: ]
Figure 2 For UMa and UE speed = 3km/h, probability of variation above a predefined threshold. Within 2400ms measurement period, probability of SS-RSRP and SS-SINR variation being more than 8dB is below 10-2
[image: ]
Figure 3 For UMi and UE speed = 3km/h, probability of variation above a predefined threshold. Within 2400ms measurement period, probability of SS-RSRP and SS-SINR variation being more than 12dB is below 10-2
[image: ]
Figure 4 For UMa scenario and UE speed = 30km/h, probability of variation above a predefined threshold. Within 600ms measurement period, probability of SS-RSRP and SS-SINR variation being more than 10dB is above 10-2
Observation 4: If UE movement is less than 3km/h, initial results based on the given evaluation assumption show that there is room for RLM relaxation.
Furthermore, based on the evaluation metric provided in [3], some further results are provided in the following figures. These results can be used in deciding the possible condition/criterions for the relaxation.
For Figure 5 and Figure 6 below, as we considered 40ms DRX cycles, Delta SINR is the estimation error of L3 SS-SINR based on 10 samples in the last 15 x K DRX cycles, which is compared with ideal SINR. Note that ideal SINR estimation is considered. 
Delta SINR = (estimated SINR – ideal SINR) 	[dB].
[bookmark: _GoBack]K is the relaxation factor. As we can see in the Uma 3km/h scenario, the increased delta SINR span for 5%-95% between K=1 and K=8 is 2.3dB, which is less than 3dB. Additionally both margins of K=1 and K=8 are below 4dB. In this case in our understanding we can achieve RLM and/or BFD relaxation even for a factor of 8. On the other hand this also raised the issue of how to identify the “Uma 3km/h” scenario. As summarized in Table 4, the Delta SINR span, including the increased span(inc. span) over R15 baseline, is provided.
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Figure 5 CDF of Delta SINR under Uma scenario with different relaxation factor K
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Figure 6 CDF of Delta SINR under Uma scenario with different relaxation factor K
Table 4 Summary of Delta SINR spans under different scenarios
	
	95%-5% Delta SINR span [dB]
	99%-1% Delta SINR span [dB]

	Scenario
	Uma 3km/h
	Uma 30km/h
	Umi 3km/h
	Umi 30km/h
	Uma 3km/h
	Uma 30km/h
	Umi 3km/h
	Umi 30km/h

	K=1 
	0.3
	4.3
	1.8
	12.7
	1
	13.8
	9.6
	22.8

	K=2 
(inc. span)
	0.5
(+0.2)
	7.5
(+3.3)
	3.8
(+2)
	15.5
(+2.8)
	3.8
(+2.8)
	17.1
(+3.3)
	13.3
(+3.7)
	24.3
(+1.5)

	K=4 
(inc. span)
	1.1
(+0.8)
	11.3
(+6)
	6.8
(+5)
	17.8
(+5.1)
	7.4
(+6.4)
	20.4
(+6.6)
	16.6
(+7.0)
	27.1
(+4.3)

	K=8 
(inc. span)
	2.6
(+2.3)
	14.7
(+10.4)
	10.3
(+8.5)
	20.1
(+7.4)
	10.5
(+9.5)
	23.8
(+10)
	20.1
(+10.5)
	30
(+7.2)



Based on above evaluation results in Table 4, we have following conclusions:
· From the perspective of large scale channel variation, which is usually more related to the variation of L3 RSRP/SINR, two factors have important impact on the Delta SINR span: 
· UE speed, as we see it quite difficult to relax RLM/BFD if UE speed is around 30km/h.
· Spatial correlation of shadow fading, as we see the Delta SINR span is much larger in UMi than in UMa, while the has much smaller spatial correlation of shadow fading.
· By increasing to margin to the SINR that associated with OOS (i.e. OOS-SINR), which is around -9 dB according to RAN4 discussion in R15, it is feasible to relax RLM/BFD measurements. For example, if we consider 95%-5% Delta SINR span, and set an additional SINR threshold at around 2dB, which leaves 11dB margin to the OOS-SINR, we can achieve nearly K=4 times relaxation compared to R15 for UMi and UMa if UE speed is less than 3km/h, and if SINR is over this additional threshold.
· Additionally, even if the low mobility scenario (e.g. UE speed is less than 3km/h) cannot be precisely identified by the criterions defined, one possible approach for the operators can be set slightly higher SINR threshold for relaxation, e.g. 4dB.
· We see quite large Delta SINR span for K=1 if UMi 30km/h is considered, i.e. in median/high mobility scenario there is large SINR span even for R15. Note that this does not mean R15 requirement is not feasible. As we have discussed in R16 HST WI, the RLM/BFD requirements are not enhanced to avoid time-domain deep fading in short interval, which usually happens in median/high mobility. Anyway we agree that relaxation might not be feasible in these scenarios
In short, we have the following proposal:
Proposal 1: Based on system level evaluations, it is feasible to relax RLM/BFD at least in FR1 if the following conditions are met:
· The measured SINR is above one additional threshold (e.g. SINR > 2dB), and
· The low mobility criterion is met.
Discussion on the potential schemes for RLM/BFD relaxation
For idle mode UE, RRM relaxation was extensively discussed and RAN4 identified 3 scenarios for RRM relaxation. One scenario is that UE is stationary and not at cell-edge, in which UE may stop neighbour cell measurement if serving cell RSRP and/or RSRQ meets a specific criterion defined in 38.304. Such feature may also provide good reference for R17 power saving discussion. As clearly stated in the WID, R17 RLM/BFD relaxation will focus on the low mobility scenario only.
Proposal 2: R16 criterion for low mobility can be considered as a reference.
Furthermore, the RSs for RLM/BFD, especially the periodicity/bandwidth of these RSs, need careful considerations. Firstly, as clearly stated in the WID, since short DRX cycles are in the scope, it is quite possible that the SMTC periodicity can be larger than the DRX cycle length, e.g. 160ms SMTC periodicity and 40ms DRX cycle. In these cases, the periodicity for RRM activities can be larger than the periodicity of RLM/BFD activities, and possibly there is gain for RLM relaxation as discussed in section 2. Secondly, the RSs for RLM/BFD can be different from the RSs that used for RRM, and the mis-alignment of different RS respect to DRX active duration may also need to be considered in the power saving gain calculation, even if the periodicity is the same between RRM and RLM/BFD.
Proposal 3: The RSs for RLM/BFD, especially the periodicity/bandwidth of these RSs and the relation to RSs for RRM, need careful consideration in R17 RLM/BFD relaxation.
Conclusion
Based on above analysis, we have following observations and proposals.
Observation 1 : when PDCCH WUS is configured, RLM/BFD measurement take a great portion of the total power consumption.
Observation 2: To optimise the case where data packet arrives with interval of around 100ms to 200ms, relaxation of RLM/BFD may further achieve power saving gain on top of R16 power saving techniques. If PDCCH WUS is configured and relaxing RLM-RS measurement from 1x to 5x,15 ~ 27% additional gain can be achieved
Observation 3: By default, RLM/BFD RSs are different from the RSs that used for RRM, and UE is required to perform unnecessary measurement and filtering on these RSs for RLM/BFD.
Observation 4: If UE movement is less than 3km/h, initial results based on the given evaluation assumption show that there is room for RLM relaxation.
Proposal 1: Based on system level evaluations, it is feasible to relax RLM/BFD at least in FR1 if the following conditions are met:
· The measured SINR is above one additional threshold (e.g. SINR > 2dB), and
· The low mobility criterion is met.
Proposal 2: R16 criterion for low mobility can be considered as a reference.
Proposal 3: The RSs for RLM/BFD, especially the periodicity/bandwidth of these RSs and the relation to RSs for RRM, need careful consideration in R17 RLM/BFD relaxation.
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		1) WUS + RLM 5X		-2		11.58		41.34		53939.80		20.85%		29.11%				1) WUS + RLM 5X		-2		11.58		41.34		20.85%		29.11%

		2) WUS + RLM 1X				14.63												2) WUS + RLM 1X				14.63

		3) no WUS				20.64		34.74		119818.05								3) no WUS				20.64		34.74

		1) WUS + RLM 5X		8		11.18		40.73		60905.06		14.11%		37.26%				1) WUS + RLM 5X		8		11.18		40.73		14.11%		37.26%

		2) WUS + RLM 1X				13.02												2) WUS + RLM 1X				13.02

		3) no WUS				20.76		34.75		121488.89								3) no WUS				20.76		34.75
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		2) WUS + RLM 1X				15.46												2) WUS + RLM 1X				15.46

		3) no WUS				23.64		32.26		118767.13								3) no WUS				23.64		32.26

		1) WUS + RLM 5X		32		11.70		38.72		54677.68		23.59%		19.21%				1) WUS + RLM 5X		32		11.70		38.72		23.59%		19.21%

		2) WUS + RLM 1X				15.31												2) WUS + RLM 1X				15.31
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