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1	Introduction 
In RAN1#95 [1] for RRM measurement power saving, some agreements have been achieved including:
Agreements:
· [bookmark: _Hlk529974035]Observation: for certain conditions (e.g., low mobility deployment/UE speed/favorable RSRP conditions), the number of RSRP measurement samples for a given duration (e.g., measurement period/ evaluation period) can be relaxed with negligible impact on accuracy achieved by existing Rel-15 measurement.
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Agreements:
· Observation: 
· For certain conditions (e.g., favorable RSRP conditions, etc.), reducing RRM measurement activities (e.g., measurement, reporting) for a given time period is beneficial from UE power saving perspective for RRC IDLE/INACTIVE/CONNECTED states.

Agreements:
· [bookmark: _Hlk530059834]For intra frequency and/or inter frequency measurement, the following approaches are to be studied for UE power saving in time domain, including impact on mobility performance
· Increasing measurement period
· Reducing number of samples (e.g., OFDM symbols / slots) within a measurement period (e.g., SMTC window)
· Confining RRM measurements within a measurement window and increasing the periodicity of the measurement window for intra frequency and/or inter frequency measurement
· Other approaches are not precluded
· Note: this does not necessarily mean that the techniques studied will have spec impact
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Agreements:
To further study the following adaption mechanism of RRM measurement activities for UE power saving:
· gNB controlled RRM measurement operation with UE assistance information reported to gNB, e.g.,
· mobility related information (e.g., mobility state, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect, the number of handovers for certain period, etc.)
· channel condition (e.g. change in serving RS/signal)
· gNB controlled RRM measurement operation without UE assistance information reported to gNB based on certain conditions, e.g.,
· subscription, capabilities (e.g. at AS or NAS level), device type
· Doppler estimation for RRC CONNECTED states
· cell type (e.g., small cell/macro cell)
· gNB controlled threshold to support UE autonomous RRM measurement adaptation based on e.g.,
· signal measurements (e.g., RSRP)
· UE mobility state (e.g., low/medium/high mobility)
· UE location in the cell (e.g., cell-center/cell-edge)
· S-measure enhancement (e.g. S-measure for SCell, CSI-RS) 
· Other mechanisms/approaches are not precluded

Agreements:
Observation:
· Reducing the number of cells for intra-frequency measurement can be beneficial for UE power saving due to at least the followings, 
· Assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity.
· Assuming number of neighbouring cells to be measured is reduced.
· For UE power saving perspective, reducing the need in neighbour cell intra-frequency measurement can be beneficial.

Agreements:
Observation: Under certain conditions and certain deployment scenarios, additional resource for RRM measurement can be beneficial for UE power saving, including at least the following aspects: 
· Minimizing/reducing the timing gap between measurement (e.g., SSB) and DRX ON duration (e.g., paging monitoring occasion/reception, data reception, etc.) 
· Additional resource around the measurement occasion, e.g., for AGC assistance
· Reducing measurement activities by providing additional resource may provide sufficient measurement/T-F accuracy.

In this contribution, we further elaborate RRM power consumption issues and solutions.
2	NR RRM Power Consumption Analysis
In the previous t-doc [2], we considered several typical RRM behaviors as shown in Figures 1 to 3
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Figure 1. Case 1: UE behaviour with fully aligned SMTC window and DRX on-duration
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Figure 2. Case 2: UE behaviour with time difference between the start of SMTC window and the start of DRX on duration
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Figure 3. Case 3: UE behaviour with AGC tuning that requires one additional SS burst


and derived the power consumptions values based on power model agreed in RAN1#94b [3] provided in Appendix.

Table I: Relative power value comparison for Cases 1 to 3

	
	Normalized power consumption value
	Relative power overhead compared to Case 1

	Case 1
	27.15
	0%

	Case 2
	42.40
	56%

	Case 3
	62.65
	131%



Comparing Case 2 and Case 1, Case 2 shows 56% power overhead. This overhead is due to misalignment between SMTC window and DRX on-duration. Comparing Case 3 and Case 1, Case 3 indicates 131% power overhead, which further includes the worst case overhead of AGC tuning.

Observation 1: The non-alignment of SMTC window and DRX on-duration as well as AGC tuning can bring 56% to 131% of power overhead to NR RRM power consumption.

From 38.133 [4], the measurement period will depend on SMTC period, DRX period, and some scaling parameters; as shown below:
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For 20ms SMTC period and 40ms DRX cycle, Table II shows the corresponding relative power consumption values for different measurement frequency.

Table II: Normalized power value for different measurement frequency

	
	Measurement per 1 DRX
	Measurement per 2 DRX
	Measurement per 4 DRX

	Case 1
	27.15
	24.65 (9% saved)
	23.40 (14% saved)

	Case 2
	42.40
	32.28 (24% saved)
	27.21 (36% saved)

	Case 3
	62.65
	42.40 (32% saved)
	32.28 (48% saved)



We hence have the following observation: 

Observation 2: For RRM power saving, increasing the measurement period can bring 14% to 48% power saving gain.

3	AGC Tuning 
RRM measurement procedures include “cell search”, “SBI acquisition”, and “RSRP measurement” as shown in Figure 4. In Rel-15 NR, “cell search” involves detecting neighbor cells using PSS and SSS, while “cell 
measurement” involves RSRP measurement of SSS. 
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Figure 4. RRM measurement procedure
For cell search, we need to do AGC tuning before PSS and SSS processing. AGC may not be an issue for SSS processing in FR1 because UE can utilize the two symbols before SSS. However, Rel-15 SSB structure has no extra symbol before PSS for UE to conduct the AGC gain tuning as shown in Figure 5. Also, in FR2, the two symbols for SSS may not be adequate since the symbol time is smaller. In case of wrong AGC setting, UE can miss detecting cell ID in one SSB. Failed AGC tuning would increase RRM power consumption as shown in Figure 6. 
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Figure 5. AGC tuning of PSS and SSS
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Figure 6. Failed AGC tuning will increase RRM power consumption

To evaluate the occasions of AGC failure, a general operating model of AGC is shown in Figure 7. Each gain control (GC) level has a normal operation region for a certain range of RSSI value. AGC receiving can fail when the channel power variation is too large between two consecutive measurements.  
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Figure 7. AGC operating characteristics
To evaluate the AGC failure probability, we perform the simulations of RSSI variation of SSB between consecutive measurements. The simulation setting follows IMT2020 dense urban and rural setting for FR1 with 8 SSBs in a SS burst. The probability of RSSI variation being larger than a threshold is shown in Figures 8 to 9. For idle mode, 1280ms DRX cycle is a common setting, and 160ms is the maximum SMTC period. In DRX mode, the measurement period is multiple of max(DRX cycle, SMTC period). Therefore, even with one measurement object, the measurement interval can be 1280ms or even more. Besides, LOS/NLOS transition introduced in 38.901 7.4.2 is also considered here. Each block has a LOS/NLOS probability depending on its distance to the BS and the path loss model. Compared to NLOS only cases, it can be seen that the LOS/NLOS transition introduces larger RSSI variation due to blockage. Here, RSSI variation thresholds of 12dB/6dB are noted since it results in large amplitude difference of the received signal. Table III lists the probability distribution for these threshold points. 

[bookmark: _GoBack]It can be seen that there exists more than 20% of probability that RSSI can vary more than 12dB for DRX=1280ms in-car scenario. This can result in a bad AGC set point and large A/D quantization error and saturation error which incur a failed PSS detection for measurement, especially for low SNR scenarios. For the A/D issue, 6 dB power variation will mean 2x difference in amplitude, and 12 dB power variation will mean 4x difference in amplitude. The former will correspond to 1-bit difference and the later will correspond to 2-bit difference. For fixed-point implementation, there will induce large quantization or situation error; otherwise, wider bit-width should be applied, which cause constantly increased power even though the channel condition is of small variation. Lack of signal energy for AGC tuning before PSS can cause a larger bit-width design to accommodate the worst case RSSI variation. This also cause constantly increased power consumption. 

Observation 3: There can be up to 52% and 26% of probability that signal amplitude can vary up to 4x and 2x. This can result in a bad AGC set point and large A/D quantization error and saturation error which incur a failed PSS detection for measurement.
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Figure 8. FR1, 120km/h, rural, in car, ISD=200m
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Figure 9. FR1, 30km/h, DU, in car, ISD=200m

Table III: Probability of larger RSSI variation than 6dB and 10dB

	Prob of RSSI variation > Threshold
	Threshold = 6dB
	Threshold = 12dB

	120km/h, Rural in car, MI=160ms, NLOS
	7%
	0%

	120km/h, Rural in car, MI=1280ms, NLOS
	38%
	11%

	120km/h, Rural in car, MI=160ms, LOS/NLOS
	10%
	3%

	120km/h, Rural in car, MI=1280ms, LOS/NLOS
	52%
	26%

	30km/h, DU in car, MI=160ms, NLOS
	3%
	0%

	30km/h, DU in car, MI=1280ms, NLOS
	20%
	3%

	30km/h, DU in car, MI=160ms, LOS/NLOS
	3%
	3%

	30km/h, DU in car, MI=1280ms, LOS/NLOS
	20%
	10%




To solve this problem, common control signal or wake up signal for paging allocated before each SSB are good candidate as assistant resource. Therefore, it is recommended to allocate extra resource for AGC tuning before PSS. Since the AGC issue arises more for long measurement period, the period of the assistant resource can be set longer (Ex. 160ms) to reduce overhead. The extra resource should lie in the same beam and locate before PSS. For this purpose, there can be assistant resource before the measurement occasion to assist AGC tuning. For example, network can allocate common CORSET before SSB to assist AGC tuning. Figure 10 shows the possible use case. The assistant resource can also be standalone SSS or power saving (wake up) signal for paging [5] as shown in Figure 11. Alternatively, a modified PSS after SSB can be appended to cover the loss of front PSS. Note the modification should ensure no confusion to Rel-15 UEs. Figure 12 shows the illustration example.







Proposal 1: Assistant resource before each SSB (measurement occasion) with the same beam as the corresponding SSB can assist AGC tuning and save UE power. Since the AGC issue arises more for long measurement period, the period of the assistant resource can be set longer (Ex. 160ms) to reduce overhead.

Proposal 2: The assistant resource before SSB can be common control signal, standalone SSS, or power saving (wake up) signal for paging.

Proposal 3: Using an additional modified PSS right after SSB can prevent UE from PSS signal loss due to AGC tuning. 
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Figure 10. Signal transmitted in control region to aid AGC tuning
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Figure 11. Power saving signal for paging before each SSB can aid AGC tuning
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Figure 12. Illustration of modified PSS after SSB
4	Measurement Period Adaptation
One of the focus of agreements in RAN1#95 [1] is the RRM measurement period adaptation depending on various possible factors. Since the RRM measurement target is the RSRP of SSB, we perform the simulations of RSSP variation of SSB between consecutive measurements. The simulation follows IMT2020 DU and rural setting for FR1 with 8 SSBs in a SS burst. The probability of serving cell RSRP variation being larger than a threshold is shown in Figure 13 to 14 and Table IV lists the probability distribution for some threshold points. It can be seen that, even with the same 3km/h speed, indoor UE and pedestrian have different RSRP variation rates. Hence, if mobility state is used to relax RRM measurement period, it should be determined by the change in RSRP, rather than UE velocity, and RAN1 can study RSRP variation rate as a metric to define UE’s moving states.

According to Figure 13 to 14 and Table IV, we have the following observation:

Observation 4: The RSRP variation can be very different depending on the channel environment, even with the same UE speed. Low speed UE can still have large RSRP variation for example in indoor scenario.

Observation 5: The RSRP variation of 3km/h pedestrian case is quite small and thus provides opportunity for RRM measurement period extension. There is about 90% chance that the RSRP variation is smaller than 3dB for 160ms/1280ms measurement interval.
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Figure 13. FR1, 3km/h pedestrian, ISD=200m
[image: ]
Figure 14. FR1, 3km/h indoor, ISD=200m

Table IV: Serving cell RSRP variation probability

	Prob of RSRP variation > Threshold
	Threshold = 3dB
	Threshold = 6dB

	3km/h, DU indoor, MI=160ms, NLOS
	31%
	8%

	3km/h, DU indoor, MI=1280ms, NLOS
	53%
	27%

	3km/h, DU indoor, MI=160ms, LOS/NLOS
	33%
	10%

	3km/h, DU indoor, MI=1280ms, LOS/NLOS
	53%
	29%

	3km/h, DU pedestrian, MI=160ms, NLOS
	12%
	0%

	3km/h, DU pedestrian, MI=1280ms, NLOS
	15%
	1%

	3km/h, DU pedestrian, MI=160ms, LOS/NLOS
	7%
	2%

	3km/h, DU pedestrian, MI=1280ms, LOS/NLOS
	17%
	12%



Based on Observation 5, we have the following proposal:

Proposal 4: RAN1 can study RSRP threshold and variation rate as a metric to define UE’s moving states for RRM measurement period relaxation. UE can enlarge the measurement or report period if the measured serving cell RSRP is good and the difference of RSRP between measurements is smaller than a threshold for a predetermined period of time. The detailed rule of measurement or report period extension can be for further study.

It is noted that the relaxed measurement and report period should have negligible influence on the mobility performance. Since the UE moves and the measured RSRP varies, RSRP accuracy may not be the key factor to be considered. Instead, hand over fail rate can better reflect the mobility performance. Simulation assumptions assumed by RAN2 for mobility analysis about handover fail rate can be followed. Hence we have the following proposal:

Proposal 5: When considering the measurement period extension, handover fail rate should be evaluated to evaluate mobility performance. Simulation assumptions assumed by RAN2 for mobility analysis about handover fail rate can be followed.


5	Summary 
In this invention, we investigate RRM power consumption issues and propose some design of additional resources for RRM measurement power saving. In particular, we have:

Observation 1: The non-alignment of SMTC window and DRX on-duration as well as AGC tuning can bring 56% to 131% of power overhead to NR RRM power consumption.

Observation 2: For RRM power saving, increasing the measurement period can bring 14% to 48% power saving gain.

Observation 3: With Rel-15 SSB structure, in some channel conditions,  for example , the dense urban and rural in car cases, UE will require more time for cell/beam detection in case of bad AGC setting due to large measurement period and inter-frequency measurement, which increases RRM power consumption.

Proposal 1: Assistant resource before each SSB (measurement occasion) with the same beam as the corresponding SSB can assist AGC tuning and save UE power. Since the AGC issue arises more for long measurement period, the period of the assistant resource can be set longer (Ex. 160ms) to reduce overhead.

Proposal 2: The assistant resource before SSB can be common control signal, standalone SSS, or power saving (wake up) signal for paging.

Proposal 3: Using an additional modified PSS right after SSB can prevent UE from PSS signal loss due to AGC tuning. 

Observation 4: The RSRP variation can be very different depending on the channel environment, even with the same UE speed. Low speed UE can still have large RSRP variation for example in indoor scenario.

Observation 5: The RSRP variation of 3km/h pedestrian case is quite small and thus provides opportunity for RRM measurement period extension. There is about 90% chance that the RSRP variation is smaller than 3dB for 160ms/1280ms measurement interval.

Proposal 4: RAN1 can study RSRP threshold and variation rate as a metric to define UE’s moving states for RRM measurement period relaxation. UE can enlarge the measurement or report period if the measured serving cell RSRP is good and the difference of RSRP between measurements is smaller than a threshold for a predetermined period of time. The detailed rule of measurement or report period extension can be for further study.

Proposal 5: When considering the measurement period extension, handover fail rate should be evaluated to evaluate mobility performance. Simulation assumptions assumed by RAN2 for mobility analysis about handover fail rate can be followed.
6	Appendix 
Assumptions on the time durations, power, and energy values derived based on [2][3] are summarized as follows:

6.1 Assumptions on time durations (with 30KHz subcarrier spacing)
	Parameters
	Time duration (ms)

	NR DRX on duration 
	TDON = 4

	NR SMTC window 
	TSMTC = 4

	NR SMTC period
	TSP = 20

	Light sleep time for Case 2
	TLS2 = 6

	DRX cycle length
	TCYC = 40



6.2 Assumptions on power consumption
(Normalized w.r.t. deep sleep power)
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[image: ]
	Deep sleep (PDS)
	Light sleep (PLS)
	SSB processing for RRM (PSSB)
	DRX ON processing (PDON)

	1
	20
	150
	100



6.3 Assumptions on wake up cost
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	Wakeup stage
	Wake up energy (power * duration)

	Deep sleep
	EDSWU = 450

	Light sleep
	ELSWU = 100



6.4 UE Power consumption calculation
Normalized UE power consumption in one DRX cycle
Case 1:
· 
Case 2: 
· 
Case 3: 
· 
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