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 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK16][bookmark: OLE_LINK1]The power consumption of smart phone is directly related to the user experience. The UE power consumption does not only depends on the hardware/software design, but also needs to consider the configuration parameters in frequency domain, time domain, spatial domain and so on. To ensure that the power efficiency of NR UE is not worse than that of LTE, the study item description of UE power saving in NR was agreed, and the objectives are as follows [1]:
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)
i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics
2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
3)  Study the enhancement of higher layer procedures for UE power saving   [RAN2]
a) Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure
b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  
It can be observed that the power saving techniques in different RRC modes and different domains are included in the SID. To evaluate the potential techniques, power consumption model and simulation assumptions are discussed in this contribution.
 Deployment scenario
The UE power efficiency is always of high importance. In NB-IoT/MTC evolution, PSM, eDRX and WUS were adopted to improve UE power efficiency. In NR, it was decided to support up to 100 MHz Carrier BandWidth (BW) in FR1 and 400 MHz in FR2. The wider BW requires higher power consumption and UE processing capability for both RF and baseband. In this regard, BWP and cross-slot scheduling are introduced. Switching BWP by DCI, higher layer parameters and timer are supported in Release 15. The RF tuning time associated with the BWP switching is considered in RAN4 specification. For cross-slot scheduling, the configurable parameter k0 which is the time offset between the DCI and the scheduled PDSCH is equals or greater than zero. To reduce the power consumed by PDCCH decoding without grant, PDCCH monitoring periodicity can also be configured. 
It can be easily seen that the reduction in UE power consumption may have a trade-off with latency and hence cause a risk of latency issue especially in the scenario with stringent latency requirements, such as URLLC, especially when time-domain power saving techniques are applied. In [2], the latency of different numerology and scheduling are calculated. The UP latency of 1 ms could be barely met in some cases. However, more strict latency requirement is targeted in Release 16 URLLC. If these factors such as k0, RF retuning time, queuing time and so on were taken into account, it would be more difficult to fulfil the requirement in scenarios demanding stringent latency.。
Observation l: If the power saving techniques with additional time offset were applied, it would be more difficult to fulfil the requirement in scenarios demanding stringent latency.
To enhance coverage,  it is required that for some NR operating bands, e.g. n7, n38, n41, n77, n78, and n79,  the UE shall be equipped with 4Rx ports as a baseline [3]. Therefore, the power saving techniques in spatial domain should be carefully designed as well without significant coverage or performance decrease.
Proposal 1: The power saving techniques should be carefully designed and applied to keep a low latency, coverage and performance impact on the existing network and UE.
Evaluation methodology
Evaluation metrics
As it is mentioned above, the power saving techniques have the benefits of reducing UE power consumption, but may also bring about some additional disadvantages. Therefore, we need to have a comprehensive evaluation and understanding of the impact introduced by the power saving techniques. Some metrics listed below can be taken into consideration.
Power saving gain: Similar to NB-IoT, the power saving gain can be calculated by a power consumption model.
Impact on existing network and UE: The power saving techniques should be backward compatible. The influences on the existing network and UE, such as latency, throughput, and system overhead and so on, need to be considered when we design a power saving technique.
Performance and impact of power saving signal/channel/procedure: The power saving signal/channel/procedure is one of the candidate that could be used to reduce power consumption, such as by decreasing the opportunity of decoding DCI without grant. If a dedicated signal/channel/procedure is applied, the performance metrics such as miss detection probability, false alarming rate, etc., need to be evaluated. If the legacy signal/channel/procedure is used, the analysis and evaluation on the potential ambiguity at UE and network side is necessary.
Proposal 2: Power saving gain, the impact on existing network and UE, performance and impact of power saving signal/channel/procedure should be taken as metrics for power saving techniques evaluation.
Power consumption model
According to the SID [1], the potential power saving techniques could be proposed from the perspective of BWP/CA configuration, MIMO related parameters, scheduling timing, DRX parameters, PDCCH monitoring reduction, power saving signal/channel/procedure and so on. To have a quantitative comparison of different power saving proposals, a power model is needed. The operating states incorporated in the power model should be representative. Therefore the model can be used as an effective and simple method to evaluate the UE power consumption. In addition to the power model proposed in [4], some operating states in RRC_CONNECTED states should be added. Herein the proposed operating states of the power model for NR UE are as follows:
Deep sleep
Deep sleep is an important and power efficient state for UE. During this state, most of the functions are off and some basic processing units like clock is in service. The proportion of time duration and power consumption of transition from or to deep sleep is non-negligible which increase the cost. UE have the opportunity to enter into deep sleep state if the parameters are properly configured. 
Light sleep
During light sleep, some of the baseband processing units are off. Compared with deep sleep, it is much easier to enter into and exit from light sleep state.  It consumes a comparable low power and is beneficial for UE to dwell.
PDCCH-only
PDCCH-only is the state that UE decodes PDCCH in RRC_CONNECTED mode without data grant. In the existing network, the configured CDRX cycle is short or inactivity timer is large to keep a low latency. It is observed in [5] that PDCCH-only state contributes more than half of the power consumption in LTE CDRX due to its large proportion in time scale. In NR, both same-slot and cross-slot scheduling are supported, i.e. k0 can be equal or larger than zero. The power consumption of PDCCH-only in NR could be reduced if cross-slot scheduling is properly used and also needs to be evaluated. Other factors such as BWP, CC, MIMO, etc. can be considered.
PDSCH reception
The corresponding PDCCH reception and processing, reference signal processing are included in the state of PDSCH reception. The PDSCH reception  in a certain unit (e.g. 1 ms) is the largest power consumer which certainly has the space for power reduction. As it is mentioned in the SID, the frequency, spatial, etc. domain could be exploited for power saving. The relation of  those parameters are unclear without experimental testing, it is improper to have a simple linear model. It is better to traverse  the frequency and spatial, parameters  etc in our power model. In this regard, we would be clear about the power saving gain of different settings.  If the testing results indicate a linear relationship, it can be incorporated in the power consumption model.
UL transmission
For uplink transmission, the MIMO related procedure,  like the CSI reporting, SRS and other reference signal processing, contributes a significant power consumption proportion.  Therefore, the UL transmission state should account the corresponding PDCCH reception and processing, uplink data transmission and MIMO related procedure,  like the CSI reporting and SRS.
Transition from/to deep sleep
In addition to the RRM measurement, ramp-up power, the transition from deep sleep needs synchronization.  Therefore, it takes longer time duration and larger proportion of power to transition from/to deep sleep which increase the cost of exiting from or entering into deep sleep.
Transition from/to light sleep
The time duration for light sleep is pretty short and UE keeps some baseband units working. Hence the transition from/to light sleep consumes less power than that of deep sleep. 
[bookmark: OLE_LINK3]SSB processing
The power consumed by paging and RRM measurement are included in the objectives. Both of them rely on SS/PBCH. Different from LTE, the sync-up in NR signal is sparser. If the paging or measurement occasion is not well matched with the SS/PBCH periodicity, UE would wake up more frequently. Therefore, the SSB processing is used to denote the power consumption in paging and RRM measurement.
Base on the analysis above, it is proposed to include deep sleep, light sleep, PDCCH-only, PDSCH reception,  UL transmission, transition from/to deep sleep, transition from/to light sleep and SSB based sync-up as the representative operating states in power model.
[bookmark: _GoBack]Proposal 3: It is proposed to include deep sleep, light sleep, PDCCH-only, PDSCH reception, UL transmission, transition from/to deep sleep, transition from/to light sleep and SSB processing as the representative operating states in power model.
Simulation
To have a comprehensive understanding of impact of the potential power saving techniques on the existing network and UE, it is better to have system and link-level simulation results. So the link-level simulation is mandatory to evaluate the performance of power saving signal/channel/procedure if it was proposed, and the system-level simulation should be used to identify the trade-off between power saving and other system metrics such as cell throughput, latency, coverage, etc.
Conclusion 
In this contribution, we discuss the power model and simulation and have the following observations and proposals:
Observation l: If the power saving techniques with additional time offset were applied, it would be more difficult to fulfil the requirement in scenarios demanding stringent latency.
Proposal 1:  The power saving techniques should be carefully designed and applied to keep a low latency, coverage and performance impact on the existing network and UE.
Proposal 2: Power saving gain, impact on existing network and UE, performance and impact of power saving signal/channel/procedure should be taken as metrics for power saving techniques evaluation.
Proposal 3: It is proposed to include deep sleep, light sleep, PDCCH-only, PDSCH reception, UL transmission,  transition from/to deep sleep, transition from/to light sleep and SSB processing as the representative operating states in power model.
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