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Introduction
In RAN1 #94bis, the following has been agreed as a progress for the power saving techniques [1]:
Agreements:
At least the following power saving techniques are to be further studied (including detailed scheme, performance, complexity, overhead, etc.)
· Time domain 
· Cross-slot scheduling – enhancement from Rel-15
· Multi-slot scheduling 
· Slot aggregation– enhancement from Rel-15
· DRX configuration – C-DRX enhancement
· Dynamic Adaptation in configuration
· Adaptive parameters 
· Frequency domain 
· BWP – enhancement of dynamic switching from Rel-15
· RS (including SRS) configuration for channel tracking, CSI measurements etc.
· Efficient configuration/switching 
· Association with DRX
· CA/DC
· Quick activation/de-activation (e.g.,L1 signaling, MAC signaling) 
· Efficient configuration of SCell
· E.g., Power saving with CSI/RRM measurements and beam management only but no PDCCH monitoring before activation (SCell dormancy) 
· Antenna domain 
· Antenna adaptation
· Adaptation of number of panels/antenna with consideration of aspects, such as CSI measurements (for both Rx/Tx) 
· Adaptation multi-antenna processing 
· UE processing time 
· Adaptation in UE processing time 
· Timeline relaxing of UE processing 
· Reduce PDCCH Monitoring
· Reduced number of PDCCH processing
· Further reduce the number of PDCCH blind decoding 
· Adaptation in CORESET, search space, PDCCH candidate, AL, CCE, DCI formats/RNTI monitoring
· UE/Network Assistant Information 
· Adaptive configured parameters 
· Association with C-DRX
· Network assistance
· Decoupling of DL and UL grant 
· Configured RS for channel tracking and estimation 
· Assistant information for adaptation
· UE assistance:  UE assistant information/feedback used for adaptation in some domains
· Adaptation profile 

In this contribution, we further discuss on the power saving techniques identified.
Discussions
Adapting number of active RF chain
A UE is equipped with multiple RF chains to support DL multi-antenna operation and carrier aggregation. The instantaneous UE power consumption level is significantly impacted by the number of active Rx RF chains. Considering that 4Rx has been agreed as a baseline UE receiver for most of the NR frequency bands in FR1, reducing the number of Rx antennas used by the UE to demodulate DL signals and channels when possible (e.g., 2Rx) will lower the UE power consumption.
Temporarily reducing the number of Rx RF front-ends in use by the UE is particularly meaningful for RRC_CONNECTED mode in those time periods where the UE is not scheduled data. The UE decodes PDCCH using DCI Format 1-1 or the fallback Format 1-0. When reducing the number of activated Rx RF chains from 4Rx to 2Rx, a link penalty of 3-5 dB is incurred. For UEs in good or medium coverage conditions, PDCCH decoding will then only require a modest amount of repetition, e.g. increasing the aggregation level to ensure that PDCCH is decodable. For UEs at the cell edge, switching from 4Rx to 2Rx to demodulate the PDCCH is best avoided. The corresponding SINR loss will effectively result in the need for greatly increased PDCCH aggregation levels and/or repetition that becomes prohibitive. PDSCH reception by the UE should make use of all UE Rx RF front-ends. For the short-periods of time where there is much data scheduled for the UE by the gNB, the loss of spectral efficiency at system-level when using only 2Rx is best avoided. Sometimes only small amounts of data may be scheduled for a UE, here, the use of 2Rx for a PDSCH by the UE may not make a big difference in terms of number of spatial layers and MCS settings by the gNB given practical constraints on CSI reporting and latencies.  
In principle, two approaches are possible to adapt the number of active RF chains in the UE. One possibility is to leave it up to the UE implementation to dynamically adjust its number of active Rx RF chains. The other possibility is to allow some degree of network control over such a Rx RF adaptation feature. 
In our view, a network-controlled adaptation of the number of UE Rx RF chains is preferred. Since the use of reduced number of Rx antennas results in a coverage loss for DL control and data channels, the gNB must as a minimum be able to account for it in terms of semi-static link adaptation for PDCCH and for channel-dependent scheduling on PDSCH. Even more so, the gNB should be in the position to allow for UE Rx RF adaptation on a per-UE basis. Some UEs will easily benefit from reduced power consumption when only decoding PDCCH using 2Rx when their aggregation level is doubled. Other UEs will require a prohibitive amount of increase in the PDCCH aggregation level or repetition, so the gNB best disables RF chain adaptation for such a UE. Still other UEs may be able to receive small PDSCH allocations using only 2Rx. Similarly, PDCCH decoding and flexibility for scheduling multiple UEs is determined by CORESET and BWP configurations. Increasing PDCCH aggregation levels is more difficult when CORESET allocations are small and monitoring opportunities are short. 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 search 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

Adapting maximum modulation order
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.
In addition, when a gNB scheduler uses MU-MIMO operation, co-scheduled UEs for MU-MIMO operation will likely use lower modulation order as the transmission power will be shared among co-scheduled UEs and co-channel interference will lower effective SINR. Therefore, although the UE is not in coverage limited environment, it is highly likely to use limited maximum modulation order when the gNB uses MU-MIMO operation.
In order to help UE to switch to the lower power consumption mode with a limited maximum modulation order, a gNB should send an indication of the maximum modulation order (which is temporary for a time window) to be used for a PDSCH scheduling so that a UE can determine a receiver configuration which is consuming lower power.
Proposal 2: study to support a maximum modulation order restriction indication from a gNB to help a UE to use a lower power consumption mode
 
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 adaptation 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

Summary
In this contribution, we discussed on the power saving techniques. From the discussions, we propose the following: 
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
Proposal 2: study to support a maximum modulation order restriction indication from a gNB to help a UE to use a lower power consumption mode
Proposal 3: study adaptation 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
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