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Introduction
New Release 17 work item for NR UE Power Saving Enhancements was approved in the RAN#88e meeting [1]. The part of the work item that is relevant for RAN4 is to study the feasibility and performance impact of relaxing UE radio link monitoring and/or beam failure detection measurements:
	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



In this contribution we discuss and propose an evaluation methodology with simulation assumptions to study the power saving impact of relaxed RLM/BFD measurements in UE connected mode.
Discussion
Relaxation method
NR RLM requirements are defined in section 8.1, and BFD requirements are defined in section 8.5 of 38.133. 
Power saving opportunities and system impact through relaxation of RLM/BFD measurements may be studied by assuming a longer evaluation period for RLM/BFD than in the current Rel-15 requirements. The WID particularly mentions the study to be for low mobility UE with short DRX periodicity/cycle, so the study should be limited to these cases. 
The achievable UE power saving and system performance impact may be studied by assuming extended evaluation period for RLM and BFD for low mobility UE with short DRX periodicity/cycle.
RAN4 should define a set of relaxation factors for the RLM and BFD requirements to be studied within this work item. This may be decided by assuming that the UE is required to measure e.g. only every 2nd, 3rd or 4th DRX cycle. However, it should be noted that the requirements for the evaluation period of Qout and Qin, which are depending on the DRX cycle length, have already in Rel-15 an additional scaling factor of 1.5 for RLM and BFD for DRX cycle ≤ 320ms.
Rel-15 requirements already allow relaxation by the factor 1.5 for RLM and BFD with DRX cycle ≤ 320ms.
When deciding the options to be studied for the relaxation factor, it should be made clear in the simulation assumptions whether the relaxation factor is to be added on top of the current scaling factor 1.5, or if the studied relaxation factors are to be studied instead of the 1.5 factor. For example, if RAN4 agrees to study relaxation of RLM/BFD measurement by assuming that UE measures every 2nd DRX, it needs to be made clear if this means total relaxation factor 1.5*2 or 2.
Study the UE power saving gain and system impact by defining a set of relaxation factors to be studied for SSB and CSI-RS based RLM and BFD evaluation period.
It should be clarified in the simulation assumptions, whether the relaxation factors to be studied are to be added on top of the current 1.5 relaxation factor for RLM and BFD, or to replace the factor 1.5.
In Figure 1, we have illustrated the principle of possible relaxation of RLM/BFD requirement in a simplified manner and with random duration of Tevaluate. In the figure, Tevaluate is extended with the assumption that the UE is required to measure only every 2nd, 3rd or 4th DRX cycle. For simplification, DRX ON and OFF periods or the current 1.5 scaling factor are not shown in the picture.  [image: ]
Figure 1: Example relaxation cases to be studied for SSB and CSI-RS based RLM and BFD.
Evaluation metrics
To get a complete understanding of the impact of relaxing RLM and/or BFD measurements, the evaluation metrics should be chosen to show the overall system impact. From UE perspective, this of course includes the UE power that is saved by relaxing the measurements. However, from the system perspective, it is important to understand how such relaxation would impact the triggering of radio link failure and initiation of beam recovery procedure. For RLM, if the evaluation period for Qout would be extended by the amount of relaxation applied, RLF and beam recovery procedure would be delayed compared to Rel-15 RLM/BFD procedure. It would need to be studied how much later triggering of possible RLF/beam recovery would happen compared to Rel-15 RLM and if it would result in outage and for how long time the UE would spend in outage.
There might be a delay in RLF triggering or initiation of the beam recovery process in case of relaxed RLM/BFD measurements.
Study the impact of longer RLM/BFD evaluation period compared to the Rel-15 evaluation period taking into account the following evaluation metrics:
· [bookmark: _Hlk53997677]UE power saving gain from relaxed RLM measurement requirements
· UE power saving gain from relaxed BFD measurement requirements
· System impact from increased latency in RLF triggering (for RLM)
· System impact from increased latency in beam failure detection and the initiation of beam recovery procedure (for BFD)
Impact of RRM measurements
To study the power saving impact when RLM or BFD measurements are being relaxed, all relevant process/functionalities should be accounted in the evaluation so that a proper picture of the attainable power saving gains is attained. As an example in connected mode, the UE is also required to perform RRM measurements and evaluations at least on the serving cell. In Rel-16, relaxation of RRM measurements was discussed, and only specified for IDLE/Inactive mode. Thus, when the RLM/BFD relaxations are considered, the connected mode RRM requirements set by RAN4 should be accounted.
In UE connected mode, the UE is performing RRM measurements on at least the serving cell in addition to RLM and BFD measurements, which may have an impact on the power saving gain of RLM/BFD measurement relaxation.
As an example, we have compared the RRM measurement period to RLM Qout evaluation period for SSB and CSI-RS based RLM. Figure 2 shows how the RRM measurement period is shorter than the RLM Qout evaluation period for every DRX cycle length based on the requirements in TS 38.133 (in the example with SSB periodicity 20 ms, CSI-RS periodicity 10 ms and SMTC periodicity 20 ms).
[image: ]
Figure 2: RLM Qout evaluation period vs. RRM measurement period.
For getting a complete understanding of the gain of RLM/BFD relaxation, RRM measurements should therefore be included in the study. 
Include RLM, BFD and RRM measurements in the evaluation of UE power saving impact due to relaxation of RLM/BFD measurements.
Simulation assumptions
Traffic model and simulation parameters
For simulating the power saving impact of relaxation of RLM/BFD measurements, it is straightforward to base the simulation assumptions on TR 38.840 [2]. Since the scope of the WI is low mobility UE with short DRX cycle, we suggest using VoIP traffic model. More specifically, we suggest using the parameters listed in Table 1. The study should in our view include both FR1 and FR2.
Table 1: Simulation assumptions for VoIP traffic model.
	Parameter
	Value 

	Traffic model
	VoIP DL + UL

	Active BWP
	100 MHz

	SMTC period
	20 ms

	DRX cycle
	40 ms

	DRX ON duration
	4 ms

	DRX inactivity timer
	10 ms

	DRX command MAC CE with Decision timer
	5 slots

	SSB
	8 SSBs, 5 ms offset between ON duration and SSBs

	SCS
	FR1: 30 kHz
FR2: 120 kHz

	SSB periodicity
	20 ms

	Number of transmitted SS block within a SS burst set period (K)
	FR1: 8
FR2: 64

	CSI-RS periodicity
	10 ms

	Number of RLM RS (Note1)
	FR1: 4
FR2: 8

	Number of BFD RS (Note1)
	FR1: 2
FR2: 2

	Number of samples in L1 evaluation period (Note 2)
	5

	Transmission power
	0/23 dBm (switch)

	TDD configuration (Note 3)
	FR1: 6+4 (DL+UL)
FR2: [24:16]

	UE speed
	3 km/h

	Relaxation factors to be studied
	[e.g. 2, 3, 4, with taking Observation 3 into account]

	Note 1: Based on requirement in Section 5 and Section 6 in 38.213 
Note 2: It is assumed that samples are shared between different processes (RRM/RLM/BFD/time-frequency synchronization)
Note 3: 5ms pattern duration and aligned UL-DL slot patterns assumed for FR1 and FR2 for simplicity.



Use VoIP traffic model as in TR 38.840 with the parameters listed in Table 1 to simulate the traffic in the UE power saving evaluation.
RAN4 should also discuss how the following should be taken into account in the simulation assumptions:
· CSI reporting: We assume UE is sending CSI reports regularly in UL.
· Wake up signal (WUS): Whether or not to use WUS in the simulations?
· Scheduling assumptions: Assuming VoIP service, what kind of scheduling assumptions should be used in the simulation study?
· Dynamic scheduling
· Semi-persistent scheduling
· Configured grant
· TTI bundling: Whether to assume TTI bundling in the simulation or not?
RAN4 should also discuss how to take into account the following in the simulation study: CSI-reporting, WUS, scheduling assumptions and TTI bundling.
UE power consumption model
In TR [2] the power consumption model for neighbour cell measurements and search as well for serving cell SSB processing is given. For modelling RLM/BFD and RRM measurements, the assumptions in TR 38.840 can again be used. The power consumption model is shown as a copy paste from the TR in Appendix 1.
Use the power consumption model from TR 38.840 for power saving evaluations.
Conclusion
In this contribution we have discussed the evaluation methodology and simulation assumptions for UE power saving enhancements by relaxing RLM/BFD measurements. We have made the following observations and proposals:
1. The achievable UE power saving and system performance impact may be studied by assuming extended evaluation period for RLM and BFD for low mobility UE with short DRX periodicity/cycle.
Rel-15 requirements already allow relaxation by the factor 1.5 for RLM and BFD with DRX cycle ≤ 320ms.
1. Study the UE power saving gain and system impact by defining a set of relaxation factors to be studied for SSB and CSI-RS based RLM and BFD evaluation period.
It should be clarified in the simulation assumptions, whether the relaxation factors to be studied are to be added on top of the current 1.5 relaxation factor for RLM and BFD, or to replace the factor 1.5.
There might be a delay in RLF triggering or initiation of the beam recovery process in case of relaxed RLM/BFD measurements.
Study the impact of longer RLM/BFD evaluation period compared to the Rel-15 evaluation period taking into account the following evaluation metrics:
· UE power saving gain from relaxed RLM measurement requirements
· UE power saving gain from relaxed BFD measurement requirements
· System impact from increased latency in RLF triggering (for RLM)
· System impact from increased latency in beam failure detection and the initiation of beam recovery procedure (for BFD)
In UE connected mode, the UE is performing RRM measurements on at least the serving cell in addition to RLM and BFD measurements, which may have an impact on the power saving gain of RLM/BFD measurement relaxation.
Include RLM, BFD and RRM measurements in the evaluation of UE power saving impact due to relaxation of RLM/BFD measurements.
Use VoIP traffic model as in TR 38.840 with the parameters listed in Table 1 to simulate the traffic in the UE power saving evaluation.
RAN4 should also discuss how to take into account the following in the simulation study: CSI-reporting, WUS, scheduling assumptions and TTI bundling.
Use the power consumption model from TR 38.840 for power saving evaluations.
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Appendix 1: UE power consumption model
The UE power consumption model as shown in TR 38.840:
Table 18: UE power consumption model for FR1
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)



Table 20: UE power consumption model for FR2
	Power State
	Characteristics
	Relative Power

	
	
	FR1
	FR2 

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot.
	100
	175

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell.. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
(Note 2 SSBs in a slot for the ref. config.)
	100
	175

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300
	350

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)
	350
(FFS Tx power level)




Neighbour cell measurements:
	Reference configuration and assumptions for RRM measurements: 
-    SSB periodicity is 20msec 
-    2 SSBs per slot are measured 
-    SMTC periodicity is 20msec 
-    For inter-band
-    Up to 2 frequency layers and 
-    Gap pattern ID = 0 defined in TS 38.133 (i.e., measurement gap length of 6msec and measurement gap periodicity of 40msec)
Use the following as a reference for RRM power evaluation:
-    Assume SMTC window duration of 2ms (corresponding to 30kHz SCS) for synchronised FR1 scenario.
-    Assume SMTC window duration of 5ms  for all other cases
-    Note: other values are not precluded
8.1.4.1    For intra-frequency measurements
Table 22: UE power consumption for the RRM measurements
	N: Number of cells for intra-frequency measurement
	Synchronous case
 
	Asynchronous case
 

	 
	FR1
	FR2
	FR1
	FR2

	N=8
	150
	225-
	170
	285

	N=4
	120
	195
	140
	255


 
-    All above values are slot-averaged power (Pfr1 or Pfr2 for FR1 or FR2 respectively).
-    Synchronous case means actual SSB transmissions from cells are time-aligned e.g., timing of SSBi from celli is aligned with timing of SSBi from cellj.
-    Asynchronous case means actual SSB transmissions from cells are not time-aligned e.g., timing of SSBi from celli is not aligned with timing of SSBi from cellj
-    The following maximum number of cells for intra-frequency measurement within a slot:
Table 23: Maximun numer of cells for intra-frequency measurements
	FR1
	FR2

	Nmax = 19
	Nmax = 9


 
For combined measurement and search:
To obtain combined neighboring cell measurement and search power, add the difference between full neighboring cell search state power and SSB/CSI-RS proc. state power to the neighboring cell measurement power, as shown below:
Table 24: UE power consumption of the combined neighbor cell measurements and cell search
	N: Number of cells for intra-frequency measurement & search
	Synchronous case
 
	Asynchronous case
 

	 
	FR1
	FR2
	FR1
	FR2

	N=8
	200
	320
	220
	380

	N=4
	170
	290
	190
	350


 
8.1.4.2    For inter-frequency measurement
The inter-frequency measurement is represented as function of the number of frequency layers:
UE needs to monitor Nf frequency layers within a measurement gap.

Where 
-    Ei is either Pfr1*Ns (for FR1) or Pfr2*Ns (for FR2) for each frequency layer i
-    Ns is the number of slot over which measurements (for each frequency layer i) are carried out 
-    Nf is the number of frequency layers measured
-    Et = Pt * Tt, where 
-    Pt is the switching power consumption 
-    Assume micro sleep power for Pt
-    Tt is 0.5ms for FR1 and 0.25ms for FR2 (from RAN4)
 
It can be simplified to the following if Ei is same across frequency layers (i.e. Ei = E for all i).
E3 = E*Nf + Et*(Nf+1)
 
Note:    RAN4 requirement assumes only one frequency layer per measurement gap.
 
For full neighboring cell search:
The baseline neighbor cell search power is independent of the number of cells on the first order and can be approximated as:
Table 8: UE power consumption of neighboring cell search
	FR1
	FR2

	 150
	270


 
-    It is expressed as the power averaged over a slot during which search is performed.
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