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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
This is a re-submission of R1-1712875.
NR supports higher data rate, wider bandwidth and shorter latency than LTE, all of these advanced features required higher UE capability including RF and baseband processing. Therefore a NR smartphone using these advanced features is expected to be more power consuming than an LTE one. Since there is no great progress in battery techniques at the present, UE power efficiency will become a critical issue to the user experience and the success of 5G in the market. Therefore UE power saving deserves more attention in 3GPP for NR Release 15 and onwards. Note that there are already some contributions on UE power saving solutions in 3GPP RAN1 meetings [1-2].
In order to improve the UE power efficiency, it would be important to know the existing UE power consumption in the product in a quantitative way. In this contribution, we give measurement results and analysis on UE power consumption based on the LTE commercial smartphone product. The measured communication module power includes RF power and power for baseband processing. Although the measurement results are based on LTE, it is expected that the results can provide some insights in study of NR UE power saving. 
2. Measurement results on UE power consumption for communication module
In the test, only the cellular communication module power is measured and other power, e.g., power for screen, power for WiFi, etc., are not included. The measurement is done in a laboratory environment using a test eNB. Some system parameters for power measurement are listed as follows.
· Duplex：LTE TDD
· Frequency：B40,  20MHz system bandwidth，E-ARFCN 38950
· RSRP：-96dBm
· Number of UE Tx Antennas: 1 antenna
· Number of UE Rx Antennas: 2 antennas
Three test scenarios are measured including: 
· Scenario 1: Paging in idle state
· Scenario 2: CDRX with 160ms DRX cycle and {1ms, 8ms, 20ms} onDurationTimer
· Scenario 3: PDCCH only blind decoding
2.1. Scenario 1: Paging in idle state
In this test scenario, the paging cycle is 1280ms. During each paging occasion, UE monitors paging PDCCH but no paging is configured to the measured UE. The current distribution over time for idle state is shown in Figure 1. There is a current peak for paging occasion every 1280ms (paging cycle). Although in specification each paging occasion only occupies 1ms. However, the total active time (i.e. high power consumption time) for each paging occasion is up to 28ms as shown in Figure 2, which in implementation may include the ramping up time, time for monitoring paging PDCCH and performing measurements, DL synchronization, and ramping down time, etc.
After the current peak, UE goes to sleep and therefore the current becomes very low. The ratio of current in UE active time to the current in UE sleep time is about 153:1 in this test case.
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Figure 1: Current curve for idle state (1280ms paging cycle)
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Figure 2: UE active time duration for each paging occasion
The power consumption during active time for each paging occasion (28ms) is about 70% of the total power consumption during the whole 1280ms paging cycle, which is depicted in Figure 3. The UE power saving would be expected to be reduced if unnecessary wake up (no paging message) can be avoided or the active time for each wake up can be reduced. 
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Figure 3: Power consumption for paging and others
2.2. Scenario 2-1 CDRX (Configuration 1)
In this test scenario, the DRX cycle is 160ms and onDurationTimer is 1ms. No short DRX cycle is configured. In period of onDurationTimer, UE monitors each PDCCH but no PDCCH is sent to the UE. So after onDurationTimer, the drxInactivityTimer is not started and UE goes to sleep. The current distribution in this scenario is shown in Figure 4. There is a current peak for paging occasion every 160ms (DRX cycle). Although each onDurationTimer only occupies 1ms, the total active time within each DRX cycle can be up to 38ms as shown in Figure 5, which may include the ramping up time, time for monitoring PDCCH, DL and UL synchronization, measurements, and ramping down time, etc.
When onDurationTimer expires, UE goes to sleep and the current becomes low. The ratio of current during active time to the current during UE sleep is about 193:1 in this test case. The ratio of the average current in idle state (scenario 1) to the average current in CDRX state (scenario 2-1) is about 1:8.6.
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Figure 4: Current curve for CDRX (DRX cycle is 160ms and onDurationTimer is 1ms)
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Figure 5: The actual UE active time for one onDurationTimer period (onDurationTimer=1ms)
The power consumption during the active time for each DRX cycle period (total 38ms) is about 97.5% of the total power consumption during the whole 160ms CDRX cycle, which is depicted in Figure 6. 
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Figure 6: Power consumption for active time and others
2.3. Scenario 2-2 CDRX (Configuration 2)
In this test scenario, the DRX cycle is 160ms and onDurationTimer is 20ms. And the other configurations are the same as in scenario 2-1. The current distribution in this scenario is shown in Figure 7. There is a current peak for paging occasion every 160ms (DRX cycle). Each onDurationTimer only occupies 20ms but the total observed active time for onDurationTimer is about 49ms as shown in Figure 8, which may include the ramping up time, time for monitoring PDCCH, DL and UL synchronization, measurements, and ramping down time, etc.
The ratio of current in active time to the current in UE sleep time is about 183:1. The ratio of the average current in idle state (scenario 1) to the average current in CDRX state (scenario 2-2) is about 1:14.
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Figure 7: Current curve for CDRX (DRX cycle is 160ms and onDurationTimer is 20ms)
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Figure 8: The actual UE active time for one onDurationTimer period (onDurationTimer=20ms)
In this test case, the power consumption during the time length for each onDurationTimer period (total 49ms) is about 97.7% of the total power consumption during the whole 160ms CDRX cycle, which is depicted in Figure 9. 
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Figure 9: Power consumption for active and others
2.4. Scenario 2-3 CDRX (Configuration 3)
We further tested the case with 160ms DRX cycle but 8ms onDurationTimer . As shown in Figure 10, the UE active time in every DRX cycle is 42ms in this case. 
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Figure 10: The actual UE active time for one onDurationTimer period (onDurationTimer=8ms)
While typically, a longer DRX cycle can be configured for UE power saving. But this is at the expense of additional latency. The UE power saving would be expected to be reduced if unnecessary wake up (no PDCCH scheduling) can be avoided or the active time for each wake up (which may include more time for measurement in this test case) can be reduced.
2.5. Scenario 3: PDCCH only blind decoding
In this test scenario, the power consumption for PDCCH processing is measured. UE monitors PDCCH and there is no PDCCH for the UE. The power consumption during PDCCH processing for RF and baseband is about 26%:74%, which indicates the power saving potential if PDCCH baseband processing complexity can be reduced, e.g. with reduced number of blind decodes. 
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Figure 11: RF and BB power consumption for PDCCH only processing
3. Conclusion
In this contribution, we give some measurement results and analysis on LTE UE power consumption based on the commercial smartphone product. Although the measurement results are based on LTE, it is expected that the results can provide some insights in study of NR UE power saving. It is proposed to consider these measurement results when studying the NR UE power saving. 
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