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Introduction
In RAN #80, UE power saving SI has been approved [1] with following objectives:
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
i. (Note: existing UE capabilities are assumed for UE processing timeline)
ii. Network and/or UE assistance information
iii. 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  

In this contribution, we discuss on candidate techniques for power saving. 
Discussions
In Rel-15, NR has introduced bandwidth part (BWP) framework which allows power saving by adapting operating bandwidth, PDCCH monitoring periodicity, and minimum cross-slot scheduling offset. However, the following aspects could be studied further for better power saving opportunities in Rel-16.
Adapting number of active RF chain
A UE may be equipped with one or more RF chains to support multi-antenna supports, number of carriers, and/or power mode. UE power consumption level is significantly impacted by the number of active RF chains. Considering that 4Rx has been agreed as a baseline UE receiver for the most of NR frequency bands for sub-6GHz, reducing number of Rx antennas (e.g., 2Rx) could lower power consumption and applicable if the UE is still in coverage and QoS is satisfied.
Since the use of reduced number of Rx antennas will result in the coverage loss for downlink channels, a UE should report measurements for each supporting the number of active Rx antennas so that a gNB can decide which number of active Rx antenna can operate in the current coverage level. In addition, switching the number of Rx antennas will impact the coverage of search spaces considering that the aggregation levels and the number of decoding candidates per aggregation level could be configured for each space. Therefore, the search space configurations could be changed based on the number of Rx antennas used.
As the RF chain should be activated when the number of Rx antennas gets increased, a gap should be supported when the number of Rx antennas is changed.
Proposal 1: study following standards impacts for the number of Rx antenna adaptation:
· Measurement/reporting per the number of active Rx antennas supported
· Coverage level adaptation of PDCCH based on the number of active Rx antennas
· A gap for switching between different number of active Rx antennas
· UE capability signaling of supporting reduced number of active Rx antennas

Use of a low power consumption receiver with a limited capability
A UE can be implemented with an additional receiver which consumes much lower energy even in active time with a limited capability. For example, a receiver which is optimized to receive a narrow-band wake-up signal only could be used during idle mode to detect a wake-up signal until it activates the regular receiver to monitor PDCCH. 
Also, a receiver which is only capable to receive up to QPSK modulation order can be used for power saving since limiting maximum modulation order can reduce the power consumption significantly. In general, the RF components (e.g., mixer, PLL, synthesizer) are optimized to meet the EVM requirements of the maximum modulation order and higher maximum modulation order requires higher power consumption in RF front-end. Therefore, a UE could operate with the receiver supporting QPSK as a maximum modulation order when a UE is in a limited coverage scenario or a UE is monitoring PDCCH without active data transmission if a network allows. Since a UE will never be scheduled with a higher modulation order in a limited coverage scenario and the UE could receive all downlink signals with a lower power consumption, using a receiver with a limited maximum modulation order could help power saving significantly.
Proposal 2: study the use of a low power consumption receiver with a limited capability and switching between regular receiver with a full capability and low power consumption receiver

Adaptation of PDCCH monitoring behavior
A UE receiver may operate with multiple power states based on the status such as active, deep sleep, light sleep, and micro sleep as a simplified model although the actual power states implemented could be much more complicated. The simplified model for the power states has been used in 3GPP and seems to be a good starting point for the discussion in this SI. In general, active power state consumes much higher power as compared with sleep states. Therefore, reducing active time could help power saving significantly.
Based on the search space configurations and DRX configuration, the active time during which a UE is transmitting or receiving a signal could be determined. For example, if a short PDCCH monitoring cycle is configured for a search space, power consumption could be increased due to a longer active time. Note that if majority of data for a UE is based on a burst traffic, a short PDCCH monitoring cycle will increase power consumption unnecessarily as the UE will monitor PDCCH without any grant in most cases. On the other hand, a long PDCCH monitoring cycle may increase latency since a UE may not have opportunities to be scheduled frequently. In Rel-15, PDCCH monitoring cycle could be switched dynamically with a BWP switching as a gNB can configure search spaces independently for each BWP. However, supporting of PDCCH monitoring behavior switching within a same BWP may be beneficial as the number of BWPs in a carrier is limited to 4 and the BWPs could be used for other purposes (e.g., multiplexing of different traffic types). 
Therefore, switching between different PDCCH monitoring cycles or activating/deactivating of one or more search spaces in a same BWP with a signaling faster than RRC could be studied in Rel-16 for power saving. The following candidate techniques could be considered during the SI:
· Wake-up signal (WUS) and/or Go-to-Sleep signal (GOS) for monitoring one or more search spaces with DRX operation
· Fast switching periodicity of a search space or activation/deactivation of a search space when burst traffic arrives 

Proposal 3: study adaption of PDCCH monitoring behavior in a same BWP with a signaling faster than RRC

Reduction of transition time
When configured to operate in C-DRX, the UE still needs to maintain AFC in order to be able to decode the PDCCH at the beginning of a DRX on-period. In LTE where DRX operation follows similar principles, the UE can use PSS/SSS and CRS for coarse AFC. The PSS/SSS are present once per 5ms interval. The CRS are present in at least 2 OFDM symbols per subframe. In NR, the UE can use the SSB or a configured and activated CSI-RS resource set for the purpose of AFC. In NR cells intended for initial access, SSB is present at least once every 20ms. SSB may be transmitted with much reduced periodicity up to every 80 or 160 ms on NR SCells.  The TRS may be configured and activated for the UE to aid AFC. The TRS if configured uses as a non-zero power CSI-RS resource set with a TRS period of 10, 20, 40 or 80 ms. TRS occupies 3 REs per RB and uses 2 OFDM symbols out of 14 in 2 consecutive timeslots. A reduced density TRS is also configurable. 
When the NR UE attempts to decode the PDCCH in the first timeslot of a DRX on-period, it can exploit any RS contained inside the RBs of the active BWP for the purpose of AFC only after the reception of the first timeslot has started. This is different in LTE where a device can achieve coarse AFC prior to the start of PDCCH decoding by means of CRS on the first one or two OFDM symbols of any subframe. An NR UE may need to wake up in-between the C-DRX on-durations to maintain coarse AFC when the use of SSB is configured. The power consumption overhead due to maintenance of AFC by the NR UE cannot be neglected in C-DRX. Ideally, a device configured in C-DRX should wake up as little as possible in-between its DRX on-duration windows, therefore, any receiver on-time due to RRM measurements, beam management or AFC maintenance should be minimized. In our view, introduction of a re-synchronization signal (RSS) transmitted to the UE just prior to the start of the DRX on-period should be considered. An RSS can re-use the R15 TRS through configuration of an aperiodic TRS resource set. 
Proposal 4: study to use re-synchronization signal (RSS) transmitted just prior to the start of DRX on-period to reduce transition time from sleep state

Adaptation of operating bandwidth
A narrower operating bandwidth in a carrier requires less power consumption at a UE receiver since it can relax the sampling rate and clock speed. 
In Rel-15 NR, bandwidth part (BWP) framework has been introduced for power saving purpose as well as supporting different types of traffic and numerologies in the same carrier. A dynamic adaptation between a wideband BWP (e.g., full carrier bandwidth) and a narrow BWP based on the traffic load may help reducing UE power consumption. The wideband BWP can be used when a UE needs a peak throughput performance and the narrow BWP can be used if the traffic for the UE is latency tolerant and peak throughput is not needed.
Therefore, Rel-15 BWP operation should be the baseline for any potential enhancement of operating bandwidth adaptation in Rel-16. 
Proposal 5: Rel-15 BWP operation should be the baseline for any potential enhancement for power saving in Rel-16

Adaptation of number of carriers
R15 supports carrier aggregation with Scell activation/deactivation as adaptation mechanism. In R15, Scell activation/deactivation is based on MAC CE. It has been suggested during R15 discussions that faster adaptation could be possible with a DCI-based mechanism. However, this needs to be evaluated in the context of the overall Scell activation latency whose requirements (specified in 38.133) are now available. The specification shows that the latency requirement is the sum of 3 components (THARQ, Tactivation_time and TCSI_reporting). Of these 3 components, only THARQ could be reduced by a DCI-based mechanism and it should be expected to be 4 ms or less depending on the UE capability for PDCCH-to-HARQ latency. On the other hand, the Tactivation_time component depends on the SMTC periodicity and is more than 8 ms in the best case. The TCSI_reporting delay depends on the CSI resource periodicity and should add at least a few ms to the overall latency. 
Based on this, it appears that the gains from changing the triggering mechanism of Scell activation are limited unless additional improvements can be identified that would reduce the other latency components (e.g. new state in which Scell is already measured similar to Dormant Scell state introduced in LTE).
Proposal 6: Rel-15 Scell activation/deactivation should be the baseline for any potential enhancement for adaptation of number of carriers in Rel-16.

Conclusion
In this contribution, we discussed on the UE adaptation techniques for power saving. From the discussions, we propose the following: 
Proposal 1: study adaptation of active RF chains and potential standards efforts
Proposal 2: study the use of low power consumption receiver with a limited capability and potential standards efforts
Proposal 3: study adaption of PDCCH monitoring behavior in a same BWP with a signaling faster than RRC
Proposal 4: study to use re-synchronization signal (RSS) transmitted just prior to the start of DRX on-period to reduce transition time from sleep state
Proposal 5: Rel-15 BWP operation should be the baseline for any potential enhancement for power saving in Rel-16
Proposal 6: Rel-15 Scell activation/deactivation should be the baseline for any potential enhancement for adaptation of number of carriers in Rel-16
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