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1. Introduction
UE power saving WI has been approved in [1] and updated in [2] and the targets related to the RRM in [2] are: 
· Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]

a) Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing number of cells/carriers to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].

i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]

NOTE: No new measurement quantities should be introduced 

This contribution provides our numeric analysis on this subject.
2. Discussion
In RRC IDLE/INACTIVE, UE is expected to perform at least following activities in the DRX ON-duration:

a) Monitoring paging occasion that configured by network

b) Serving cell measurement and intra-frequency/inter-frequency/inter-RAT neighbour cell identification,measurement and associated SIB1 decoding
c) Loop convergence (AGC, TTL & FTL) / time-frequency tracking for each associated frequency layer
d) Possible cell selection/reselection based on measured signal quality, including SIB decoding.
For a), a R15 UE is required to monitor every paging occasion that configured by network. For b), a R15 UE is only required to fulfil the requirements defined in [3], such as the tables in Appendix, while the detailed behaviour is up to UE implementation. Serving cell measurement relaxation is not in the WI scope. For inter-RAT, companies show little interest and there was rarely discussion in the SI phase, so we believe it could be deprioritize in the WI phase. For c), since there is no CRS in NR, UE may need one or more extra SMTC windows to guarantee loop convergence. For d), since this behaviour is trigger by signal quality, the actual power consumption on this part is up to the actual scenarios.
The issue of PO and SSB collision was extensively discussed in R15 [4]. Finally a scaling factor M2=1.5 was introduced to relax the RRM requirement when SMTC periodicity of measured neighbour cell > 20 ms and DRX cycle length equals 320ms. This can reduce UE power consumption. In R16, RAN1 has defined the power model in [5], and based on that the analysis is provided in [6]. It is shown that RRM is still a major contributor to the IDLE/INACTIVE UE power consumption. The detailed analysis is updated as follows.
For b), the detailed requirement contains following aspects

i)  Number of frequency layers
According to [3], UE is required to have the capability to monitor at least 7 frequency layers. Note that in LTE, UE is only required to monitor 3 normal performance frequency layers. In R12 and later, additionally, 4 reduced performance layers is required if UE has the IncMon capability.
ii)  RSRP/RSRQ accuracy
When SSB Ês/Iot of serving cell or neighbour cell is above a fixed threshold, UE is required to fulfil RSRP/RSRQ accuracy as defined in Section 10 in [3].
iii)  Cell identification and measurement for frequency layers that have no cell detected.

According to [3], UE is required to identify a new cell by PSS/SSS detection and perform one measurement within 20 DRX cycles. This requirement is re-used from LTE. Assuming UE performs detection at least once per DRX cycle, this requirement is still more relaxed compared to that for CONNECTED UEs. As defined in Section 9.2.5 in [3], for an intra-frequency layer, a connected UE may need 5 SMTC windows for cell identification and 5 SMTC windows for cell measurement, so as to meet the RSRP/RSRQ accuracy requirement. As defined in Section 9.3.4 and Section 9.3.5 in [3], for an inter-frequency layer, a connected UE may need 8 SMTC windows for cell identification and 8 SMTC windows for cell measurement, so as to meet the RSRP/RSRQ accuracy requirement. Assuming 3 SMTC is used for loop convergence, UE may need at least 13 SMTC windows to complete in sequence both one identification and one measurement for an inter-frequency layer, if there is one detectable cell. UE may still need at least 8 SMTC windows to complete one identification for an inter-frequency layer, if there is no detectable cell. That means for each frequency layer without detected cells, UE need to consume at least 8 to13 SMTC windows per 20 DRX cycles. 
iv)  Measurement and filtering for frequency layers that already have cell detected and needs to be evaluated for reselection.

For detected cell, UE is required to perform cell measurement at least once per Tmeasure and output filtered results within Tevaluate, while the filtering requires at least two measurements, and at least two measurements for filtering shall be spaced by at least Tmeasure/2. As defined in Section 9.3.5, CONNECTED UE needs 8 SMTC windows to perform one measurement. That means for each frequency layer with detected cells, UE needs to consume at least 8 SMTC windows per 4 DRX cycles if SMTC periodicity is 20ms and DRX cycle length is 320ms.
Based on above analysis, we have following calculation.

Assuming a single cell operation in FR1 (no CA or DC):

· UE is configured 7 frequency layers for inter frequency measurement, and 

· neighbour cells in each frequency layer are synchronized, and

· for all frequency layers, SMTC periodicity = 20ms and SMTC window length = 5ms, and

· DRX cycle length = 320ms, and 

· the SMTC windows of all frequency layer and the PO are ideally non-overlapped,

UE need to consume

(8 x 7[inter-frequency] + 5[intra-frequency] + 5 x 20[serving cell]) x 5 = 805ms per 6400ms, i.e. 12.6% On-duration in DRX for RRM if intra-frequency and all 7 inter-frequency layers are with no detected cells and no detectable cell exists for each layer, and 

(13 x 7[inter-frequency] + 10[intra-frequency] + 5 x 20[serving cell]) x 5 = 1005ms per 6400ms, i.e. 15.7% On-duration in DRX for RRM if intra-frequency and all 7 inter-frequency layers are with no detected cells but a detectable cell exists for each layer, and 

(8 x 7[inter-frequency] + 5[intra-frequency] + 5 x 4[serving cell]) x 5 = 405ms per 1280ms, i.e. 31.6% On-duration in DRX for RRM if intra-frequency and all 7 inter-frequency layers are with detected cells.

Note that above calculation only consider additional ON-duration consumed other than PO, while three other parts which are not included in above calculation are actually not negligible according to [5]. Firstly, it is also assumed UE can only be in light sleep within each SMTC period other than On-duration for measurement. Secondly, the switching power between frequencies layers, i.e. retuning, is worth consideration. Thirdly, if reselection happens, UE may need to decode SIB1 and SIB for the reselected cells, so the corresponding PDCCH and PDSCH reception may cause power consumption. Moreover, the power model for inter-RAT measurement was not defined in [5], therefore it is not included in the above calculation, but the impact on UE power consumption cannot be neglected.

While the On-duration interval for paging occasion is usually several ms per paging cycle, even we further consider 3 SMTC windows per DRX cycle for loop convergence is used for paging, it is still obvious that RRM is a major contributor to the IDLE/INACTIVE UE power consumption.
According to the power model in [5], it is natural that less number of measured cells leads to lower power consumption. Similar to the criteria to trigger intra-frequency measurement, one method to reduce the required number of intra-frequency is to allow UE keep tracking and measuring a subset of identified neighbor cells when the quality of these cells are higher than certain threshold. With this method, UE does not have to measure all the slots within SMTC but only measure the slot containing SSBs from “N strong neighbor cells” (e.g. N=2, 4), which can reduce UE energy consumption. An example where the SMTC is 4 ms long but the SSBs from strong neighbor cells are located in only 2 ms within the SMTC. Less number of measured SSB may also means shorter time for RRM measurement, especially in asynchronous scenarios and in cases that SSBs from different cells are located in different slots. Therefore reducing number of measured intra-frequency cells provides power saving benefit, especially when SSBs from neighbor cells are located at different slots within the SMTC. And in TR38.840, it is observed that reducing the number of cells for intra-frequency measurement can be beneficial for UE power saving by assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity,  26.43% - 37.5% power saving gain is shown. [5] It can be forseened that the same benefit would be available on each inter-frequency layers.
Based on above discussion, we identify the possible impact in RAN4 requirements includes following aspects:

· Number of frequency layers.

· Number of intra-frequency cells

· RSRP/RSRQ accuracy
· Intra/inter-frequency measurement time intervals

Observation: RRM is a major contributor to the IDLE/INACTIVE UE power consumption.
3. Conclusion

In this paper, we provide our numerical analysis on UE RRM requirements for the NR UE power saving WI and provide the following observation:
Observation: RRM is a major contributor to the IDLE/INACTIVE UE power consumption.
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Appendix

Table 4.2.2.3-1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x M2 (36 x N1 x M2)
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	
	5
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:
Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.
Note 2:
M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.


Table 4.2.2.4-1: Tdetect,NR_Inter, Tmeasure,NR_Inter and Tevaluate,NR_Inter

	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter [s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x 1.5 (36 x N1 x 1.5)
	1.28 x N1 x 1.5 (4 x N1 x 1.5)
	5.12 x N1 x 1.5 (16 x N1 x 1.5)

	0.64
	
	5
	17.92x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:
Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.
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