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Introduction
[bookmark: _Toc525997561]In 3GPP TSG RAN #80 meeting, a New SID: Study on UE power saving in NR was approved [1]. In RAN1 #95, the agreements of potential techniques for UE power saving were achieved as follow [2].  
	Agreements:
RAN1 to study further following:
· UE switching to micro sleep after PDCCH reception 
· Cross-slot scheduling    
·  Minimum K0 > 0 and aperiodic CSI-RS triggering offset is not within the duration - UE could switch to micro sleep right away after PDCCH reception – no addition PDSCH and CSI-RS signals reception within the given duration (e.g. the same slot)
· It is known to the UE at PDCCH decoding
· Extended micro sleep time and reduce the PDCCH processing in reducing UE power consumption 
· FFS: whether minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing 
· Same slot scheduling 
· Adaptation of TDRA configurations to achieve UE power saving – ensure the gap between PDCCH reception and PDSCH transmission known to the UE
· Adjustment of TDRA configuration
· Selection of TDRA entry in the TDRA table (e.g. K0 > 0)
· Note: cross-slot scheduling could be incorporated in the TDRA configuration
· FFS: Power model for TDRA power saving scheme
· Multi-slot scheduling – PDCCH decoding in one slot (e.g., one DCI, multiple DCI) supports scheduled PDSCH/PUSCH transmission over multiple slots.     
· Achieving UE power consumption reduction by potentially skipping PDCCH monitoring at subsequent slots of PDSCH/PUSCH transmission.     
· Other approach(es) not precluded
Agreements:
For power saving scheme with UE adaptation to the DRX operation for further study
·  UE adaptation of its behavior to the DRX operation for UE power consumption reduction
· Power saving signal as the signal for the indication whether to wakeup or not before or at the beginning of DRX on duration
· At least for the indication of PDCCH monitoring

· Preparation period in advance of DRX on, e.g., to perform channel tracking, CSI measurements, beam tracking, in preparation for the PDCCH decoding 
· Go-to-sleep signaling as the indication allowing UE going back to sleep state
· Constraints on scheduling DCI during DRX_on

· Dynamic DRX configuration – parameters could be dynamic adapted to the traffic arrival
· Dynamic selection of DRX configuration from multiple DRX configurations to adapt to the traffic arrival
· Adaptive parameters setting of one DRX configuration 
Other power saving schemes with UE adaptation to the DRX operation are not precluded.
Note: UE background processing, e.g.,periodic RRM/CSI measurements, beam management, RLM, time/frequency tracking,  needs to be studied in accordance to UE adaptation to DRX operation.
Agreements:
The UE power power saving schemes for the UE adaptation in frequency domain for further study are as follows, 
· BWP -  UE adaptation to different BWP
· RS to assist UE channel tracking and measurements to assist BWP switching  
· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching
· Association of BWP and DRX configuration
· CA/DC – 
· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 
· Adaptation of PDCCH monitoring/search space on activated SCell 
· Power adaptation based on the operation in a group of cell in power efficient way
· CSI/RRM measurements and beam management at non-active SCell
Other power saving schemes with UE adaptation in frequency domain are not precluded.
Agreements:
RAN1 to further study the following, 
· The power saving schemes of indicated processing time of K0, K1, K2 and aperiodic CSI-RS offset in advance allows the UE in staying low power consumption state for the UE power saving.  
· Other schemes are not precluded
Agreements:
The power saving schemes to reduce PDCCH monitoring and blind decoding for further studies are as follows,
· Triggering of PDCCH monitoring – dynamic trigger through L1 signal/signaling
· Power saving signal triggering PDCCH monintoring
· Go-to-sleep signaling to skip PDCCH monitoring
· PDCCH skipping - 
· DCI based indication  for PDCCH skipping (e.g., indication in DCI content, new SFI state).
· L1 signal/signaling (other than DCI) based triggering  -
· Mulitple CORESET/search space configurations 
· Configuration of different PDCCH periodicities with dynamic signaling
· Adaptation of CORSET/search space configuration – DCI/timer/HARQ-ACK based indication 
· Dynamic/semi-persistent CORSET/search space on/off
· Adaptation between DRX onduration timer and inactivitytimer
· Separated PDCCH monitoring of DL and UL
· L1 signaling triggering to assist  UE in reducing the number of PDCCH blind decoding – 
· Reduced PDCCH monitoring on SCell (including cross carrier scheduling)
· Network assistance –  RS is dynamically transmitted based on the need to assist UE performing synchronization, channel tracking, measurements and  channel estimations before PDCCH decoding 
Other power saving schemes for the reduction of PDCCH monitoring and blind decoding are not precluded.
Agreements:
The UE assistance information for the power saving schemes for further studies are as follows,
·  UE assistance information/feedback to assist network in configurations for UE adaptation
· UE preferred processing timeline parameters, e.g., K0, K1, K2 values
· UE preferred BWP information/configuration
· UE preferred antenna configuration, including MIMO layers, antenna panel awareness information
· UE assistance/feedback on the DRX configurations/parameters
· UE preferred BWP provided to assist network in BWP switching
· UE request on SCell/SCG activation/de-activation/configuration
· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding
Other UE assistance information for the power saving schemes is not precluded.


In this contribution, the deployment scenarios for power saving is discussed. And, aspects of potential techniques for slot scheduling, DRX configuration, frequency domain, antenna domain, reducing PDCCH monitoring and UE assistance information are discussed. 
Discussion on Deployment Scenario
As in [2], there are many potential techniques are agreed for UE power saving. In order to mitigate influence to legacy NR system, gNB should have the flexibility to select some suitable power saving techniques out of all candidates according to the current situation. Furthermore, in order to adapt to traffic, channel and interference variation, gNB also should be able to select suitable parameters for different potential techniques of power saving. Therefore, some suitable potential techniques should be selected flexibly and conditionally by gNB to minimize the influence to the legacy system. For example, the functionality of DRX is one technology to reduce power consumption in Rel-15, and the functionality of DRX is configured by gNB. That is to say, gNB can decide whether to perform DRX functionality. Naturally and similarly, the potential techniques of power saving may obey the rule. Therefore, the functionality of Rel-16 potential techniques should be configurable for gNB, and gNB have the flexibility to decide whether these potential techniques are used or not. 
Observation 1: Potential power saving techniques might be configurable for gNB. And, they should provide enough flexibility and configurability for gNB to minimize the influence to existing NR system.
The potential techniques should not modify the existing specification too much. If compatibility between the existing specification and power saving scheme is not good, the potential techniques may be very difficult to be agreed albeit they have power saving gain. And, the potential technique for power saving may be configurable and the decision to use or not is made by gNB. And, gNB takes an overall consideration of system capability more than UE power consumption. If there is any potential risk (such as, system blocking or throughput reduction or coverage reduction or larger network latency) for power saving scheme, it might be abandoned by gNB for insurance purposes. Therefore, the potential techniques should detail their principles and consider their influences on specification and existing network carefully. 
Observation 2: For insurance purposes, a single power saving technique might be abandoned by gNB if there is potential risk. 
Proposal 1: The potential techniques should detail their principles and consider their influences on specification and existing network carefully.  
[bookmark: OLE_LINK2]Some of potential power saving techniques can work in combination with each other (or bundling for a power saving mode). If the power saving functionality is configured by gNB, the associated power saving techniques will be used. For example, BWP enhancement for power saving mode, it includes not just fast activation / deactivation of BWP, but other techniques like time domain scheduling, DRX configuration and UE assistance information. Once gNB schedules the low power BWP, it will enable the associated power saving techniques. 
Proposal 2:The combination of potential techniques might be considered for power saving.  
It can be easily seen that the reduction in UE power consumption may have a trade-off with latency and hence may cause latency issue. Therefore, power saving schemes with large latency is not suitable for the scenario with stringent latency requirements, such as URLLC. And, more strict latency requirement may be targeted in Rel-16 URLLC. If the factors such as base-band processing, RF retuning time, queuing time and so on were taken into account, it would be more difficult to fulfil the requirement. An example for DRX configuration enhancement for power saving, the power consumption is reduced at the some cost of latency. And, for other potential techniques such as frequency domain for power saving, considering the switching time from inactive state or dormant state if introduced to active state, it may be hard to satisfy the requirement of URLLC. 
Observation 3: If the power saving techniques with additional time latency are supported for power saving, it would be more difficult to fulfil stringent latency requirement for scenarios, such as URLLC.
Proposal 3: The power saving schemes should be carefully considered in scenario with stringent latency requirement, such as URLLC.

Discussion on power saving from adaptation aspects
Micro sleep after PDCCH reception
[bookmark: OLE_LINK4]After PDCCH monitoring, whether UE can switch into micro sleep as soon as possible depends on the time-domain scheduling by gNB. If cross slot scheduling is configured by gNB, UE has the chance to go into sleep for power saving. Notice that, however, gNB transmits data with cross slot scheduling doesn’t mean that UE can go into micro sleep. UE must know in advance that it is granted with cross slot scheduling. 
Cross slot scheduling 
In NR Rel-15, the operation of cross slot scheduling for PDSCH have been supported, which is defined by the parameter of k0. Any value of {0,..,32} can be set for k0 in PDSCH-TimeDomainResourceAllocation IE. If the value of k0 is larger than zero, the PDSCH will arrive for k0 slots after PDCCH reception, which can be called cross slot scheduling. Otherwise, if the value of k0 is equal to zero, the PDSCH and PDCCH will be allocated at the same slot (same slot scheduling). Several PDSCH-TimeDomainResourceAllocation IEs are defined and included in a parameter of PDSCH-TimeDomainResourceAllocationList IE. If all the values of k0 are configured larger than zero in the PDSCH-TimeDomainResourceAllocationList IE, UE can make assumptions that it is configured for cross slot scheduling and UE can stop receiving the remaining OFDM symbols of the slot for reducing power consumption. Figure 1 shows an example of cross scheduling of PDSCH with k0=2 slots. And, UE can go into micro sleep between the PDCCH and PDSCH if it knows in advance that it is granted with cross slot scheduling. Meanwhile, the parameter of k2 for PUSCH can be set larger than zero for cross slot scheduling of PUSCH, and the parameter of k1 for PDSCH to HARQ. 
In NR Rel-15, cross slot scheduling for downlink or uplink has been supported. And, gNB is able to set a proper time domain scheduling parameter by balancing power saving gain with latency/throughput requirement based on the traffic characteristics or UE types (URLLC, eMBB, mMTC). The simulation result for cross scheduling for PDSCH is shown in figure 3 (UE knows in advance that it is granted with cross slot scheduling). It can be seen that power saving gain of about 25% is obtained. According to the same principle, the scheduling for slot offset for PUSCH (k2) and PDCCH to HARQ (k1) may also achieve power saving. 
Observation 4: Cross slot scheduling for downlink and uplink have been supported for NR Rel-15. UE can reduce power consumption by knowing cross slot scheduling in advance .  
A threshold value can be configured, where only the value of k0 larger than or equal to the threshold value can be used for slot offset. Therefore, UE knows cross slot scheduling configured by gNB in advance. UE can go to micro sleep after PDCCH OFDM symbols reception. 
[image: ]
Fig 1 Example of cross scheduling of PDSCH
Proposal 4: Cross slot scheduling can be considered for UE power saving.

Centralized scheduling
If the data streams from different services or applications need to be transmitted synchronously for a UE, they can be scheduled by one PDCCH, which can be named as “multi-slot scheduling”. Or, in order to improve the performance of communication coverage, multiple PDSCHs carrying the same transport block are scheduled by one single PDCCH, which can be named as “slot aggregation scheduling”. We can call both as centralized scheduling. With the centralized scheduling, UE needs to detect and receive only one PDCCH which may be helpful for power saving. An example for multi-slot scheduling for different services is shown in Fig 2, wherein 3 PDSCHs are scheduled by a PDCCH at slot 0. The data transmitted on PDSCH 0 in Fig 2 may be for URLLC service, and the data transmitted on PDSCH 1 and PDSCH 2 in Fig 2 may be for eMBB service. Since just one PDCCH is processed, power consumption might be reduced. 
[image: ]
Fig 2 Example of multi-slot scheduling
The simulation results for cross-slot scheduling and multi-slot scheduling are provided in Fig 3. The simulation assumption is described in [3]. Power saving gain of about 25% is obtained for cross slot scheduling compared with baseline. Power saving gain of about 1% is obtained for multi-slot scheduling compared with baseline. For multi-slot scheduling, aspects of DCI, DMRS and HARQ should be carefully considered. 


Fig 3 Simulation results of cross-slot scheduling and multi-slot scheduling
Observation 5: Power saving gain of about 25% is obtained for cross slot scheduling compared with baseline. Power saving gain of about 1% is obtained for multi-slot scheduling compared with baseline.

DRX configuration
DRX (Discontinuous Reception) operation is used in both LTE and NR for power saving. The DRX operation aims to skip the PDCCH monitoring occasion of no uplink/downlink grant and reduce the unnecessary power consumption. During DRX operation, UE is able to enter in deep sleep state for long inactive (off-duration) time or light sleep for short inactive time. And, UE needs to wake up to monitor the channel at active state (on-duration). DRX parameters includes following fields : DRX HARQ RTT timer for DL, DRX HARQ RTT timer for UL, DRX inactivity timer, DRX long cycle start offset, DRX on-duration timer, DRX retransmission timer for DL, DRX retransmission timer for UL, DRX short cycle timer, DRX short cycle, DRX slot offset. 
An example of DRX operation is shown in Fig 4 with DRX parameters of {drx-InactivityTimer = 3 ms, drx-onDurationTimer = 2 ms, drx-ShortCycle = 5 ms, drx-LongCycleStartoffset = [10 ms, 0 ms], drx-ShortCycleTimer = 6}. For the slot location of {0, 0}, a UL/DL scheduling is granted. Then, a drx-InactivityTimer is triggered and last for 3 slots (drx-InactivityTimer = 3 ms). UE keeps monitoring the PDCCH until the Inactivity Timer expires. When the drx-InactivityTimer expires, the UE can go into sleep state and power consumption reduction can be achieved. A drx-onDurationTimer is configured for each DRX cycle. As shown in Fig 4, the DRX operation starts from slots of {0, 0} with cycle of 5 slots (drx-ShortCycle = 5 ms). During the drx-onDurationTimer period, a UE shall monitor the PDCCH. A long DRX cycle will be triggered after 6 short DRX cycles (drx-ShortCycleTimer = 6). The “Inactivity Timer” shall be restarted when there is a new data transmission or UL/DL scheduling. 
[image: ]
Fig 4 Example of C-DRX operation
The duty ratio of onDurationTimer and drx-InactivityTimer may directly affect the UE active time and power consumption. For small duty ratio of onDurationTimer and drx-InactivityTimer, it brings about low power consumption for most PDCCH monitoring occasions could be skipped while it may result in transmission latency. Conversely, large duty ratio of onDurationTimer and drx-InactivityTimer leads to more power consumption. Fig 5 shows some simulation results for different configuration of onDurationTimer, DRX cycle and drx-InactivityTimer. For power saving, gNB should carefully configure the DRX parameters for UE according to the characteristics of traffic. Some values of DRX parameters are shown in Table 1. 
Table 1 Values of some DRX parameters
	Items
	Values

	drx-onDurationTimer
	1 ms, 2 ms, 3 ms, 4 ms, 5 ms, 6 ms, 8 ms, 10 ms, 20 ms, 30 ms, 40 ms, 50 ms, 60 ms, 80 ms, 100 ms, 200 ms, 300 ms, 400 ms, 500 ms, 600 ms, 800 ms, 1000 ms, 1200 ms, 1600 ms

	drx-InactivityTimer
	0 ms, 1 ms, 2 ms, 3 ms, 4 ms, 5 ms, 6 ms, 8 ms, 10 ms, 20 ms, 30 ms, 40 ms, 50 ms, 60 ms, 80 ms, 100 ms, 200 ms, 300 ms, 500 ms, 750ms, 1280 ms, 1920ms, 2560ms

	drx-LongCycleStartoffset
	10 ms (0..9), 20 ms (0..19), 32 ms (0..31), 40 ms (0..39), 60 ms (0..59), 64 ms (0..63), 70 ms (0..69), 80 ms(0..79), 128 ms (0..127), 160 ms (0..159), 256 ms (0..255), 320 ms (0..319), 512 ms (0..511), 640ms (0..639), 1024 ms (0..1023), 1280 ms (0..1279), 2048 ms (0..2047), 2560 ms (0..2559), 5120 ms (0..5119), 10240 ms (0..10239)

	drx-ShortCycle
	2 ms, 3 ms, 4 ms, 5 ms, 6 ms, 7 ms, 8 ms, 10 ms, 16 ms, 16 ms, 20 ms, 30 ms, 32 ms, 35 ms, 40 ms, 64 ms, 80 ms, 128 ms, 160 ms, 256 ms, 320 ms, 512 ms, 640 ms

	drx-ShortCycleTimer
	0..31



It takes long time and occupies more transmission resources for RRC signaling configuration. Because of UE with traffic condition changing frequently, DRX parameters may not be configured by RRC signaling timely. Therefore, the existing DRX configuration in Rel-15 might not meet different requirements for NR scenarios, such as fast switching for different UE traffic (stringent latency for URLLC and relaxed latency for eMBB). Since the PDCCH is monitored only at on duration state, it results in transmission latency. For the DRX enhancement in Rel-16, dynamic indicator for DRX parameters can be further studied, such as configured/switched by L1 signaling and other flexible DRX indications. And, power saving signal can be considered for DRX operation. 
Observation 6: The existing DRX configuration in Rel-15 may not meet different requirements for NR, such as stringent latency for URLLC and relaxed latency for eMBB. 

Fig 5 Simulation of CDRX configuration
Proposal 5: DRX enhancement should be studied for UE pwoer saving for Rel-16.

Frequency domain
The maximum bandwidth for NR is 100MHz for FR1 and 400MHz for FR2. Bandwidth parts (BWP) operation has been introduced and supported for NR in Rel-15. Up to 4 BWPs for uplink or downlink can be semi-statically configured for a UE. Different numerology configurations are set for each BWP and the BWP can be dynamically indicated with the use of DCI . BWP operation is an efficient and mature power saving technique in Rel-15. 
Observation 7: BWP operation is an efficient and mature power saving technique in Rel-15. 
The simulation results of different bandwidths versus packet sizes are shown in Fig 6 with simulation assumption in [3]. According to the simulations, for different packet size, the bandwidth for lowest power consumption are different. Such as, when the packet size is less than about 0.25 M Bytes, the bandwidth of 10 MHz has lowest power consumption. And, when the packet size is larger than about 0.25 M Bytes, the bandwidth of 20 MHz has lowest power consumption. In general, smaller bandwidth has better power saving gain for different size of packets.  However, the power consumption does not depend solely on the bandwidth, e.s.p, for large packet, where longer transmission duration will cost more power. 

Fig 6 Simulation results of BWP
Observation 8: Small bandwidth has better power saving gain. 
For UE power saving, smaller bandwidth of BWP can be further studied for Rel-16 and it can be treated as default BWP. Then, since UE is scheduled within a smaller bandwidth when it falls back on default BWP, the power consumption for UE may decrease. Lots of very small data packets are transmitted for current popular applications, such as WeChat. The BWP with very small bandwidth is very suitable for these type of applications and low power consumption might be achieved. Therefore, it is possible to define a power saving BWP. For power saving BWP, its bandwidth is small, cross slot scheduling and long DRX cycle can be configured. 
Proposal 6: BWP enhancement can be studied further for power saving, such as default BWP enhancement, or power saving BWP. 
According to NR Rel-15, the BWP adaptation timing mechanism and the DRX operation work independently. When the UE enters the off duration state according to the periodic configuration, the BWP adaptation timer may not expire at this time, such that the UE still works within the active BWP. Although the off duration state of DRX is started, the BA timer continues. After the BA timer expires, the UE switches from the active BWP to the default BWP. Before entering the next on duration, the BA timer has expired already. Then, the UE has to switch to an active BWP during the on duration. The switching will bring transition delay as shown in Fig 7. 

[image: ]
Fig 7 DRX operation timeline and BWP operation timeline
The independent operation of the BA timing mechanism and the DRX mechanism will bring inflexibility of the BWP handover and affect the power saving effect at UE. A mutual coupling relationship can be considered between a DRX and a BA timing, which can reduce the transition delay in some scenario. In the off duration, some unnecessary BWP switching can be avoided by adjusting the BA timing. The UE can work on an active BWP when it enters in an on duration.
Observation 9: The independent operation of BWP adaptation and DRX will bring inflexibility of the BWP switching and UE power consumption. 
Therefore, for power saving for UE, the BA timing of UE can be suspended during DRX off duration. On one hand such operation will not bring obvious power consumption. On the other hand such operation can increase the time that UE can stay in active BWP during the period of DRX off-duration. Once again into the DRX on-duration, UE will work directly in the active BWP, and avoid switching from PWS BWP to active BWP, and eliminate the time and power cost of BWP switching.  
The DRX’s on duration and off duration are switched according to a high-layer configuration. Fig 8 illustrates an exemplary relationship between a BA timer and DRX operation. When the UE can go to sleep at an off duration. At this time, the UE may not perform data transmission, and thus does not have power consumption of data transmission.  Therefore, there is almost no difference in power consumption between working within an active BWP or working within a default BWP. When the UE is at an on duration, the power consumed by UE to work on the active BWP will be much greater than the power consumed on the default BWP. The original intention of the BA timing mechanism is to prevent the UE from working on the active BWP when there is no transmission requirement, and to reduce the power consumption by switching to the default BWP. For example, the UE increases the BA timer on a first frequency range (FR1) at intervals of 1 ms or increases the BA timer on a second frequency range (FR2) at intervals of 0.5 ms.
However, when the UE is at an off duration, the power consumption between the active BWP and the default BWP do not differ too much. Compared with the UE in the on duration, the desire or requirement for the UE to save power by switching to the default BWP is not so strong. The increasing rate or running speed of the BA timer can be appropriately slowed down in the off duration, such that the UE is on the active BWP for a longer time. For example, the UE increases the timer at intervals of N*1ms on FR1 or increases the timer at intervals of N*0.5ms on FR2, where the value of N can be configured by a high layer signaling or fixed to a constant, as shown in Fig 8. 
Compared with the BA timer with a normal speed increment, the UE can directly work within the active BWP when the UE enters the on duration after the off duration. This saves the time and power consumption for switching from the default BWP to the active BWP. At the same time, this avoid a situation when a too long off duration for DRX is configured so that the UE cannot enter the default BWP for a long time. Therefore, at off Duration, slowing down the BA timer’s increasing speed can provide a better power saving.

[image: ]
Fig 8 Enhancement for DRX timing and BWP adaptation timing
Proposal 7: Mutual coupling relationship between DRX operation and BWP adaptation timing should be studied further for power saving. 
Antenna domain
One technology requiring significant UE power consumption is MIMO operation. Several different aspects contribute to power consumption in MIMO operation including
· Multi-panel CSI/beam measurement: In NR beam management and CSI acquisition, UE may need to use multiple antenna panels to measure CSI or beam information. The utilization of multiple panels can enable beam sweeping across multiple UE panels. However, multi-panel measurement is not always needed. Using multiple UE antenna panels for beam measurement would cost large power consumption, and panel switching or multi-layer transmission is not always possible according to the channel variation. Therefore, it is not power efficient to keep all the UE panels on for beam measurement.
· Multi-layer data reception: Using multiple DL DMRS ports can enable multi-layer DL transmission for SU throughput performance. However, the DCI based port indication is adaptive to the channel variation and MU scheduling. gNB can schedule MU transmission with one layer for each UE in the MU group. Hence the multi-layer transmission is not always the best choice even the channel allows multi-layer. As the port indication is quite dynamic, UE may need to turn on all the Rx antennas even single-layer transmission is scheduled, which can cause large UE power consumption unnecessarily.
· Multi-port UL transmission: Similar to the above two aspects, in UL transmission, multiple SRS/DMRS ports would cause large UL transmission power consumption with limited performance gain sometimes. 
For the above power consumption aspects, it would be helpful to let UE turn off some antenna ports/panels. For example, gNB can inform UE to activate or de-activate some non-useful ports/panels through dynamic L1 or L2 signaling. Further, UE may need to report some information so that gNB can make a proper decision considering performance, power consumption and latency. If UE needs to activate some non-active ports/panels, the network needs to guarantee a tolerable latency for UE turning on some modules. In Rel-15 NR, the standard does not well support any scheme to enable UE or gNB to efficiently turn on-off or activate/deactivate any antenna group. It lacks coordination between UE and gNB for antenna panel/port activation/deactivation. It would be useful to study antenna group activation or deactivation mechanism in Rel-16.
Some simulation results for antenna domain are shown in Fig 9. Power saving gain is achieved by reducing the number of UE reception antennas. 

Fig 9  simulation results for antenna domain
Observation 10: Power saving gain is achieved by reducing the number of UE reception antennas. 
Proposal 8: The aspects of activating/de-activating some UE antenna panels/ports for CSI/ beam measurement, DL data reception and UL transmission can be studied.

Reducing PDCCH Monitoring
During the state of PDCCH-only monitoring, not only PDCCH blind decoding leads to power consumption, baseband procedure (synchronization / timing, DMRS, demodulation, etc) and radio frequency procedure (receiving, filtering, etc) also contribute the power consumption. In most cases, a UE wakes up with no data transferred and most of UE’s power is consumed by PDCCH monitoring only. The parameters in search space can be considered for UE power saving. Such as, the PDCCH monitoring slot periodicity and PDCCH monitoring slot duration. If the periodicity in monitoringSlotPeriodicityAndoffset IE in search space is large and the value of duration IE in search space is small, UE can skip most of PDCCH monitoring while resulting in negative effect of latency. Other parameters such as CORESET, PDCCH candidate, AL, CCE, DCI formats/RNTI monitoring can be used to reduce power consumption for PDCCH monitoring. In order to obtain more power saving gain by reducing PDCCH monitoring, they should be further studied jointly. 
Observation 11: PDCCH-only monitoring reduction can be achieved by appropriately configuring periodicity / duration of PDCCH in search space . 
The similar functionality as PDCCH monitoring reduction is also supported by DRX operation, as described in section 3.2. The PDCCH monitoring slot periodicity supported by monitoringSlotPeriodicityAndoffset IE ranges from 1 slot to 2560 slots for search space, while the cycle ranges from 2 ms to 10240 ms for DRX operation. And, the PDCCH monitoring slots duration supported by duration IE ranges from 2 slot to 2559 slots for search space, while the drx-onDurationTimer IE ranges from 1 ms to 1600 ms and drx-InactivityTimer IE ranges from 0 ms to 2560 ms for DRX operation. It is observed that the functionalities of DRX operation and search space are similar. Therefore, enhancement of search space configuration and DRX operation may be further studied. 
[bookmark: OLE_LINK1]Observation 12: The functionalities of DRX operation and search space are similar. 
Comparison between PDCCH monitoring skipping by DRX configuration and by search space configuration is shown in Table 2. It is observed that the latter has more power saving gain than the former. 

Table 2  Simulation results for PDCCH monitoring skipping (Average power consumption of 1 slot)
	
	Case 1
40-10-4
	Case 2
40-25-4
	Case 3
160-40-8
	Case 4
160-100-8
	Case 5
320-80-10
	Case 6
320-200-10

	Baseline(CDRX)
	26.25
	33.87
	21.01
	39.49
	26.52
	57.27

	PDCCH
	22.38
	22.38
	9.32
	9.32
	6.14
	6.14

	Power saving gain
	14.75%
	33.94%
	55.64%
	76.40%
	76.83%
	89.27%



Observation 13: PDCCH monitoring skipping by search space can achieves more power saving gain than by DRX operation. 

UE assistance information
[bookmark: OLE_LINK3]For UE with intensive traffic transmission, a short DRX cycle configured by RRC signaling can reduce transmission latency and improve DL data rate. For UE with sparse traffic transmission and low mobile speed who takes a long time interval from one to next DL data transmission, a short DRX cycle may increase unnecessary power consumption. In this way, DRX configurations / parameters configured by RRC signaling should align with the traffic condition of UE. Therefore, many configuration parameters for each potential technique called UE assistance information, can be reported to gNB or network for power saving purpose. An example of parameter configuration table shown in Table 3 includes the parameters such as DRX parameters, antennas, processing timeline, bandwidth and BWP information etc. Different parameter configuration combinations in Table 3 represent different traffic transmission states for UE. UE can select one parameter combination (or index) from the table to report its desired configuration information. Then gNB can easily get the UE’s traffic information, and has a appropriate decision to configure UE for power saving. 
Table 3  Example of configuration parameter table based on UE assistance information
	Index
	Configuration parameters

	
	DRX related parameters
	antennas
	Processing timeline
	......
	BWP related configurations

	0
	
	
	
	
	

	1
	
	
	
	
	

	...
	
	
	
	
	

	N
	
	
	
	
	



Observation 14: UE can save power by reporting preferred configuration information to gNB according to its own traffic condition.
Proposal 9: UE assistance information should be studied further for UE power saving.

Conclusion
The following observations and proposals have been made:
Observation 1: Potential power saving techniques might be configurable for gNB. And, they should provide enough flexibility and configurability for gNB to minimize the influence to existing NR system.
Observation 2: For insurance purposes, a single power saving technique might be abandoned by gNB if there is potential risk. 
Observation 3: If the power saving techniques with additional time latency are supported for power saving, it would be more difficult to fulfil stringent latency requirement for scenarios, such as URLLC.
Observation 4: Cross slot scheduling for downlink and uplink have been supported for NR Rel-15. UE can reduce power consumption by knowing cross slot scheduling in advance .  
Observation 5: Power saving gain of about 25% is obtained for cross slot scheduling compared with baseline. Power saving gain of about 1% is obtained for multi-slot scheduling compared with baseline.
Observation 6: The existing DRX configuration in Rel-15 may not meet different requirements for NR, such as stringent latency for URLLC and relaxed latency for eMBB. 
Observation 7: BWP operation is an efficient and mature power saving technique in Rel-15. 
Observation 8: Small bandwidth has better power saving gain. 
Observation 9: The independent operation of BWP adaptation and DRX will bring inflexibility of the BWP switching and UE power consumption. 
Observation 10: Power saving gain is achieved by reducing the number of UE reception antennas. 
Observation 11: PDCCH-only monitoring reduction can be achieved by appropriately configuring periodicity / duration of PDCCH in search space . 
Observation 12: The functionalities of DRX operation and search space are similar. 
Observation 13: PDCCH monitoring skipping by search space can achieves more power saving gain than by DRX operation. 
Observation 14: UE can save power by reporting preferred configuration information to gNB according to its own traffic condition.
Proposal 1: The potential techniques should detail their principles and consider their influences on specification and existing network carefully.  
Proposal 2:The combination of potential techniques might be considered for power saving.  
Proposal 3: The power saving schemes should be carefully considered in scenario with stringent latency requirement, such as URLLC.
Proposal 4: Cross slot scheduling can be considered for UE power saving.
Proposal 5: DRX enhancement should be studied for UE pwoer saving for Rel-16.
Proposal 6: BWP enhancement can be studied further for power saving, such as default BWP enhancement, or power saving BWP. 
Proposal 7: Mutual coupling relationship between DRX operation and BWP adaptation timing should be studied further for power saving. 
Proposal 8: The aspects of activating/de-activating some UE antenna panels/ports for CSI/ beam measurement, DL data reception and UL transmission can be studied.
Proposal 9: UE assistance information should be studied further for UE power saving.
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CDRX Cycle=160ms, ON Duration=10ms
ave. power/slot	
	(power units/s)	
4	10	20	30	40	50	60	80	100	10.5991046875	10.5991046875	14.6928678125	18.169405703125	21.75990703125	25.412495625	28.780102734375	35.056801640625	40.4573309375	Inactivity Timer (ms)

ave. power per slot (power units/slot)


CDRX Timer=160ms, InactivityTimer=10ms
ave. power/slot	
	(power units/s)	
4	10	20	30	40	50	60	80	100	9.282738046875	11.054168984375	17.0205484375	23.306609375	29.66099140625	35.9498859375	42.20729609375	54.80208125	67.43496796875	ON Duration (ms)

ave. power per slot (power units/slot)


InactivityTimer=10ms, ON Duration=10ms
ave. power/slot	
	(power units/s)	
40	60	70	80	128	160	256	320	38.1362165625	26.5578981413197	22.9038146875	20.02908796875	13.360690234375	11.054168984375	7.708926875	6.576226484375	CDRX Cycle (ms)

ave. power per slot (power units/slot)


BWP
10M	0.01	0.1	0.15	0.21	0.3	0.38	0.48	0.58	14.663	17.5589	19.0187	20.714	23.1322	25.1797	27.5512	29.9121	20M	0.01	0.1	0.15	0.21	0.3	0.38	0.48	0.58	17.4217	19.0704	20.2677	21.3792	22.8109	24.2287	25.9367	27.6035	40M	0.01	0.1	0.15	0.21	0.3	0.38	0.48	0.58	22.939	24.0848	24.6725	25.7678	26.8833	27.9043	28.9147	30.3954	80M	0.01	0.1	0.15	0.21	0.3	0.38	0.48	0.58	33.9737	34.856	34.856	35.7574	36.6736	37.5333	38.3788	40.1145	100M	0.01	0.1	0.15	0.21	0.3	0.38	0.48	0.58	39.491	39.491	40.5315	41.5937	41.5937	42.6741	43.6877	44.6843	packets size(Mbytes)

average power consumption of 1 slot








4 antennas	10M	20M	40M	80M	100M	17.5589	19.0704	24.0848	34.856	39.491	2 or 4 antennas adaptive to channel	10M	20M	40M	80M	100M	15.3111	16.6017	20.8656	30.0282	33.9566	bandwidth(Hz)

average power consumption of 1 slot





cross-slot scheduling and multi-slot scheduling
160-100-8
Baseline	40.5309

2packet	3packet	4packet	40.5309	41.5931	42.6735	multi	
2packet	3packet	4packet	40.2752	41.0829	41.8599	cross	
2packet	3packet	4packet	30.3434	31.4062	32.4786	
average power consumption  of 1 slot
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drx-InactivityTimer = 3, drx-onDurationTimer = 2, drx-ShortCycle = 5, drx-LongCycleStartOffset = {10, 0}, drx-

ShortCycleTimer = 6


