3GPP TSG RAN WG1 Meeting #96                                         R1-1902032
Athens, Greece, 25th February – 1st March 2019
Source:       ZTE

Title:          On UE Power Saving for RRM Measurement

Agenda Item:  7.2.9.3
Document for: Discussion and Decision
Introduction

In RAN1#AH_1901, the following agreements are reached [1].
Agreements:

For IDLE/INACTIVE state, at least the following power components are recommended to be considered for RRM measurement power saving evaluation

...
For CONNECTED state, at least the following power components are recommended to be considered for RRM measurement power saving evaluation,

...
Agreements:

For UE autonomous RRM measurement adaptation in time-domain with gNB controlled threshold, the following thresholds and corresponding adaptation schemes can be considered,

A RSRP threshold for UE adapting RRM measurement period, 

...
In this paper, some views on UE power saving for RRM measurement are provided.
Power consumption by RRM measurement

During RAN1#95 and RAN1#AH 1901 meetings, a lot of fruitful agreements on simulation were reached. Based on the agreed evaluation assumptions, simulations on RRM measurement are performed as the following Figure 1 and Figure 2. From these figures, it can be observed that, for a UE in RRC_Connected, about 15% of total power is consumed by RRM measurement while it is about 26% for a UE in RRC_Idle/Inactive. It should be noted that, for a UE in RRC_Idle/Inactive, though the ratio of power consumed by RRM measurement is relatively high (26%), the absolute total power for a UE is relatively low. The benefit of optimization of RRM measurement for a UE in RRC_Idle/Inactive is minor. To further reduce the power consumed by RRM measurement (especially for UE in RRC_Connected state), we discuss some issues on RRM measurement for UE power saving in this contribution. The simulation settings can be found in Annex and [4]. 

[image: image1.emf]Power:RRM Period = 160 ms

71%

3%

15%

9%

< 1% < 1%

PDCCH-Only

PDSCH

RRM

Deep Sleep

Light Sleep

Micro Sleep


Figure 1    Percentage of power consumption (for RRC_Connected)
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Figure 2    Percentage of power consumption (for RRC_Idle/Inactive)

Potential issues on UE power saving for RRM measurement

Unnecessary measurement reduction
RRM measurements is power consuming. Most of RRM measurements are essential for competitive performance of 5G-NR while some others may not be much important. As a result, the scope of RRM measurement enhancement for UE power saving should be identified carefully for further study. For example, the number of cell being measured, measurement period, etc. may be relaxed. The relaxed RRM measurement shall not impact the network performance.

For a UE under RRC_Idle/Inactive, if the channel condition were relatively good (e.g., in cell center), then the number of cell being measured can be reduced. 
Unknown information to gNB

Though a gNB can obtain RSRP/RSRQ (and others) from UE’s report, the gNB is still unaware of the actual circumstances of a UE. For example, when the UE reports a RSRP of -90dBm, the gNB can not determine where this UE is. Another example, when the gNB detects a radial velocity of UE, the gNB can not know how fast this UE moves because the radial velocity is not the actual speed of UE.

Lack of always on reference signal

In LTE, there is an always-on reference signal, i.e., CRS. A UE can sleep a long time before it is required to perform measurement. However, the signal, e.g., SSB or CSI-RS, in 5G-NR is sparse. A UE has to wake up more frequently than that of LTE to perform T/F synchronization before a measurement. The more frequent UE wakes up, the more power it consumes.

As to the problems listed above, some solutions are given as the following section.

Potential Solutions

In general, the UE power saving techniques in RRM measurement should not affect the network performances. In addition, the additional power consumed by gNB should keep low.
Proposal 1: The UE power saving techniques in RRM measurement should not affect the network performances and additional power consumed by gNB should be kept low.
Optimization for parameters of RRM measurement
According to TS38.133 [2] (as copied in Table 1), the measurement period of intra-frequency measurement is at least 200 ms. However, for stationary UE or slowly moving UE (e.g., indoor deployment), this parameter can be optimized. For example, it can be changed with a greater value because the measurement results will not changed too much under this scenario.

Table 1: Measurement period for intrafrequency measurements without gaps(Frequency FR1) [2]
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max[ 200ms, ceil( 5 x Kp) x SMTC period x CSSFintra ]Note 1

	DRX cycle≤ 320ms
	max[ 200ms, ceil(1.5x 5 x Kp) x max(SMTC period,DRX cycle) x CSSFintra] 

	DRX cycle>320ms
	ceil( 5 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
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Figure 3    Power consumed by RRM measurement under different measurement periodicity (RRC_Connected)
[image: image4.emf]Number of Cells for RRM Measurement
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Figure 4    Power consumed by RRM measurement for different number cells being measured (in RRC_Connected mode)

To verify whether it works or not, some simulations are performed as the Figure 3 and Figure 4. From the Figure 3, it can be observed that the power consumed by RRM measurement decreases with the prolonged measurement periodicity. From Figure 3, if the RRM measurement period were prolonged from 160ms to 320ms, then about 7.4% of power can be saved (from 20.28 units to 18.78 units. Gain = (20.28 - 18.78)/20.28). If the RRM measurement period were prolonged from 160ms to 640ms, then about 11.1% of power can be saved (from 20.28 units to 18.03 units).

In addition, reduction of measurement object is helpful for power saving. From the Figure 4, if the number of cell being measured were reduced from 8 to 4, then about 1.8% of power can be saved (the absolute power for RRM measurement decreases from 20.28 units to 19.91 units. Gain = (20.28 - 19.91)/20.28). If the number of cell being measured were reduced from 8 to one, then about 8.3% of power can be saved (the absolute power for RRM measurement decreases from 20.28 units to 18.59 units). More simulation results can be found in Annex and [3]. Hence, we have the following proposal.

Proposal 2: The RRM measurement requirements could be optimized for UE power saving.
Differential configurations for RRM measurement
In general, a UE can be in three different power consumption (PC) states, such as active period, semi-active period and inactive period as the following Figure 5. For different states, different measurement period can be configured for a UE as the requirements of different PC states are quite different. For example, since UE needs to frequently transmit/receive data in active period, and the traffic load of the UE could be relatively low in other states, gNB can configure a period of T1 (i.e., period of RS for measurement) for UE in active time, N*T1 for UE in semi-active time and, M*T1 for UE in inactive time. In another example, for low movement or stationary UE (e.g., MTC UE), measurement period can be very large. That is, for scenarios with lower requirements for measurement, the measurement period can be configured with a higher value.
In addition, the transmission window of measurement RS for different states can also be different. With this solution, the number of RRM measurements during small data transmission can be reduced which will reduce power consumption of RRM measurement, and UE’s QoS and network performance will not be impacted significantly. 

Still another, if the velocity of UE movement could be available for the gNB (e.g., via UE’s report), then the RRM measurement period can be adjusted accordingly. For example, a large RRM measurement period is configured for a UE with low speed. Hence, we have the following proposal.

Proposal 3: Different configurations can be applied for different states for RRM measurement and UE movement speed.
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Figure 5   Different periods of RS for RRM measurement
Conclusion

In this contribution, we have the following proposals.

Proposal 1: The UE power saving techniques in RRM measurement should not affect the network performances and additional power consumed by gNB should keep low.
Proposal 2: The RRM measurement requirements could be optimized for UE power saving.
Proposal 3: Different configurations can be applied for different states for RRM measurement and UE movement speed.
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Annex
Settings for simulation (for RRC_Connected)
	Parameter
	Setting

	DRX Periodicity
	160 ms

	DRX-ON duration
	8 ms

	DRX-Inactivity timer
	40 ms

	SCS
	30 kHz

	Traffic model
	FTP 3, 0.5M bits, 200 ms for average arrival interval between packets

	SSB Periodicity
	20 ms

	SMTC Periodicity
	= DRX cycle (One measurement within one DRX cycle)

	RRM measurement duration
	2 ms

	Number of cells to be measured (N)
	8


Settings for simulation (for RRC_Idle/Inactive)
	Parameter
	Setting

	DRX Periodicity
	320 ms

	DRX-ON duration
	 10 ms

	SCS
	30 kHz

	SSB Periodicity
	20 ms

	SMTC Periodicity
	= DRX cycle (One measurement within one DRX cycle)

	RRM measurement duration
	2 ms

	Number of cells to be measured (N)
	8

	PO probability
	10%

	SIB1 Receiving Periodicity
	= DRX cycle (Once every DRX cycle)


More settings can be found in [3] and [4].

More simulation results
For RRC_Connected
7.3.1.1    Reducing number of cell for RRM measurement
7.3.1.1.1  For DRX Cycle = 40ms, ON Duration = 4ms, Inactive Timer = 10ms

From the following figure, by reducing 8 cells to one cell, the power saving gain is about 21.3% (the absolute power consumed by RRM measurement decreases from 31.15 units to 24.51 units. Gain = (31.15 - 24.51)/31.15). By reducing 8 cells to 4 cells, the power saving gain is about 4.7% (the absolute power consumed by RRM measurement decreases from 31.15 units to 29.68 units).
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Figure 6  Power consumed by RRM measurement with different number of cells to be measured

7.3.1.2    Whether RRM measurement is within DRX-ON duration or not

From the following figure, if the RRM measurement were performed within DRX-ON duration (one RRM measurement per DRX Cycle), then the power saving gain is about 7.7% (18.83 units for DRX-ON duration, 20.28 units for DRX-OFF duration).
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Figure 7  Power consumed by RRM measurement for whether it is measured within DRX-ON duration

For RRC_Idle/Inactive

7.3.2.1 Number of cell measured is 8
From the following figure, if the RRM measurement period were prolong from 320ms to 1280ms (one RRM measurement per DRX Cycle), then about 8% power can be saved.
[image: image8.emf]DRX Cycle. [ ms ]
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Figure 8  Ratio of power consumed by RRM measurement with different measurement period (8 cells)

7.3.2.2 Number of cell measured is 4
From the following figure, if the RRM measurement period were prolong from 320ms to 1280ms (one RRM measurement per DRX Cycle), then about 8% power can be saved.
[image: image9.emf]DRX Cycle. [ ms ]
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Figure 9  Ratio of power consumed by RRM measurement with different measurement periods (4 cells)

7.3.2.3 Number of cell measured is one
From the following figure, if the RRM measurement period were prolonged from 320ms to 1280ms (one RRM measurement per DRX Cycle), then about 4% power can be saved.
[image: image10.emf]DRX Cycle. [ ms ]
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Figure 10  Ratio of power consumed by RRM measurement with different measurement periods (one cell)

