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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
[bookmark: _GoBack]NR supports higher data rate, wider bandwidth and shorter latency than LTE, all of these advanced features require 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. 
ITU-R defines energy efficiency as one of the minimum technical performance requirements for IMT-2020. According to ITU-R report--Minimum requirements related to technical performance for IMT-2020 radio interface(s) [1], “energy efficiency of the device can relate to the support for the following two aspects: a) Efficient data transmission in a loaded case; b) Low energy consumption when there is no data. Efficient data transmission in a loaded case is demonstrated by the average spectral efficiency. Low energy consumption when there is no data can be estimated by the sleep ratio.”
There are already some ongoing work for UE power saving in 3GPP, including bandwidth part mechanisms, discontinuous PDCCH monitoring, PSM and eDRX for NB-IoT/MTC evolutions, wake up signals for NB-IoT/MTC evolutions [2], and so on. For NR beyond Release 15, UE power saving should be further enhanced, especially for eMBB UEs. 
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. According to the measurement results [3], LTE UE consumes considerable power on monitoring paging in idle state, and on monitoring PDCCH in active period of CDRX, even when nothing is detected. The observations from the measurement include: 
· The power consumption during the active time in each paging occasion is about 70% of the total power consumption during the whole 1280ms paging cycle. 
· The power consumption during the active time for each onDurationTimer period is about 97.7% of the total power consumption during the whole 160ms CDRX cycle.
· The ratio of PDCCH blind decoding power consumption for RF and baseband is about 26%:74%.
In this contribution, we give some initial discussion on mechanisms and solutions for NR UE power saving.  
Note: This contribution is a re-submission of R1-1715655.
2. Solutions for NR UE power saving
2.1. Wake-up mechanisms
Wake-up mechanisms in idle/inactive state
In LTE, each paging occasion only occupies 1ms. However, as observed in [3] the total actual active time for each paging occasion is about 28ms, which may include the ramping up time, time for monitoring paging, measurements, DL synchronization, and ramping down time, etc. Further it was observed that 70% of the UE power is consumed by the wake up time during the idle mode. It implies the power saving potential when the unnecessary wake up (i.e. the paging occasion without paging message to the UE) can be skipped, or the actual wake up time can be reduced. 
To reduce the unnecessary power consumption, wake-up mechanism can be introduced to improve UE power efficiency [4] [5]. Based on the indication of wakeup signals, UE will accordingly stay in the power saving mode such as micro sleep or OFF period in the long DRX cycle to avoid unnecessary PDCCH monitoring, or go to “network access” mode. A low-power and low-complexity wake-up signal or channel before each paging occasion is used to indicate whether a UE need to wake up to monitor paging/scheduling grant for this UE. 
The wakeup signals should be with low power consumption and with short duration. Different options can be considered to design the wake up signal. It is expected wake-up signals detect without synchronization or with coarse sync will save much more power than WUS detect after fine synchronization, as the synchronization procedure consumes quite some power. 
· Option 1: UE detects wake up signal without requiring any synchronization
· Option 2: UE detects wake up signal after coarse synchronization
· Option 3: UE detects wake up signal after fine synchronization
If wake up signal is used to skip a paging occasion due to no paging message, the impact to UE measurement behaviour should be discussed, following options can be considered. 
· Option 1: Skip the measurement in the current paging occasion
· Option 2: Use wake up signal as the measurement signal
· Option 3: Use existing signals to do measurement
[image: ]
Figure 1: The actual UE active time for each paging occasion
Wake-up mechanisms in connected mode
For CDRX with 1ms onDurationTimer configured, the total actual active time for each onDurationTimer period can be up to 38ms as shown in Figure 2, which may include the ramping up time, time for monitoring PDCCH, DL and UL synchronization, measurements, and ramping down time, etc. To reduce the unnecessary power consumption, wake-up mechanism can also be introduced to improve UE power efficiency by skipping some unnecessary monitoring. UE only wakes up to monitor PDCCH during onDurationTimer when a wake-up signaling/channel is detected, otherwise, UE continues sleep. The possible solutions for synchronization and measurement after introducing wake-up mechanisms also need to be studied. Wake-up mechanisms can also be introduced in connected mode without DRX.
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Figure 2: The actual UE active time for each onDurationTimer period for CDRX
Signal design alternatives for wake-up mechanisms
Depending on the use cases, the wake up signal design alternatives may include the following.
· On-off keying (power detection)
· Sequence (with or without DTX)
· Encoded payload, e.g., enhanced PDCCH
· Sequence with an encoded payload
If the processing of wake up signal is simple enough, e.g. using a narrow band reception, to further save power and even to reduce the ramp up and ramp down time, additional low power circuit can be considered to detect wake up signal. 
Evaluation metrics for wake-up mechanisms
Different alternatives could be selected for different UE states. They should be carefully evaluated in terms of the following performance metrics. Besides, impact to synchronization and measurement should also be considered.
· Miss detection probability
· False detection probability
· Power efficiency
· Network capacity/overhead
· Cost and complexity
· Latency if needed
2.2. Enhanced Measurement
In legacy LTE, measurement requirements are defined in RAN4 TS 36.133, e.g. for connected mode serving cell, if measurement report is configured, one L3 sample per 200ms is needed. If measurement report is not configured, measurement for DL sync is always required. 
Currently, stationary UEs and moving UEs (except the high speed case) have the same requirements for RRM and idle mode measurement triggering. In reality, some measurement is unnecessary for stationary or low-speed UEs, and these measurement limits the further UE power saving.  
Current smart UEs have a lot of sensors and associated functionalities. More information of UE status can be obtained, which may be used to improve user experience. In order to further save UE power consumption, some unnecessary measurement can be skipped. For example, RRM measurement can be optimized based on information including the channel condition change, UE movement, etc. In idle mode, different trigger conditions or parameters for neighboring cell measurement can be also defined for different UE status. 
Parts of above issues have been discussed in NB-IoT Fenh. WID [2], which can be considered as an input to the NR study of enhanced measurement for UE power saving especially for eMBB users. 
3. Conclusion
In this contribution, we give some initial discussion on mechanisms and solutions for UE power saving.  It is proposed to study UE power saving aspects in NR. 
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