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Introduction
In the previous meeting, power saving techniques were discussed in a more detailed level. The agreements captured in the appendix were achieved to identify some candidates for UE traffic adaptation [1].
In this contribution, views on UE traffic adaptation to efficiently make use of the UE battery are provided.
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Discussion

On adaptation to DL scheduling timing for cross slot scheduling
Based on the current agreed power model, cross-slot scheduling power consumption for a TB is PDCCH-only * 0.7 + PDSCH-only = 70 + 280 = 350, while PDCCH + PDSCH in a slot is 300. Hence for a single scheduling, cross-slot scheduling is not an efficient way for power saving. Even though UE can go to micro-sleep after PDCCH reception, it is not a better option than utilizing self-slot scheduling and making UE sleep earlier.
On the other hand, if UE is configured to monitor PDCCH anyway in a relatively longer period, cross-slot scheduling can reduce the PDCCH monitoring power consumption by skipping buffering the data part. For example, to monitor PDCCH in 10 slots, cross-slot scheduling uses 700 units while normal same-slot scheduling uses 1000 units. However, it is also a controversial point that why gNB needs to keep UE in a long period and only schedules the UE in a small portion of active period. A smarter gNB willing to peruse lower UE power consumption should perform better traffic adaptation.
In our opinion, the main benefit brought by cross-slot scheduling comes from the possibility of aggregating multiple TBs into one slot to reduce the UE active time. For example, if two TB are scheduled with cross-slot scheduling in the PDSCH in the same slot, the power consumption is 70 + 70 + 280 = 420, while the same slot scheduling is 300 + 300 = 600. In this example, even UE buffers both control and data parts in each slot but cross-slot scheduling is assumed, the power is 100 + 100 + 300 = 500, which is still more efficient than same slot scheduling. The benefit can become more obvious along with more TBs are aggregated within a slot.
Hence the power saving obtained by cross-slot scheduling is mainly because it provides tools for gNB to perform proper scheduling. 
Observation 1: Cross-slot scheduling is beneficial for power saving. By proper implementation of gNB scheduler, the data transmission can be aggregated into smaller number of slots, which is the main enabler of saving power consumption. 
Regarding the power saving comes from the skipping buffering data part REs and extended micro sleep time, it can be further optimized if the latency requirement can be satisfied in general. In this case, it is assumed that the UE is not intended to operate short latency traffic and PDCCH/PDSCH decoding speed can be relaxed. Therefore, in the condition that the gNB can know the traffic characteristic and make good scheduling prediction, skipping PDSCH RE buffering and extending micro-sleep can be discussed and considered.
In addition, for cross-slot scheduling, to acquire the benefit the UE behaviour should be clarified:
1. For minimum K0 > 0, the UE can skip the PDSCH part buffering in the slots configured for PDCCH monitoring. The K0 value determines how fast UE is required to process PDCCH. A larger K0 value can relax the processing capability and lower the chipset voltage and frequency (DVSF). For each scheduling, the actually used K0 between PDCCH and PDSCH indicated by gNB depends on the packet scheduling aggregation strategy and traffic latency requirement. As shown in Figure.1, the K0 values are 4, 3, and 2 for PDCCH #1, #2 and #3 respectively. For PDCCH #4 and #5, the K0 values are 2 and 1.
2. It is a separate discussion point that whether the UE can also skip the PDCCH monitoring in a certain period after it detects a PDCCH. As shown in Figure.1, even after UE have detected PDCCH#3, it can also continue monitor PDCCH in Slot#n+3 and Slot#n+4. Since the PDCCH monitoring skipping may have impact on the flexibility of aggregating multiple scheduled TBs and the achievement of latency requirement, it is not necessary to coupled cross-slot scheduling operation with PDCCH monitoring skipping.
Proposal 1: UE switching to micro-sleep and skipping PDCCH monitoring should be decoupled with functionality of cross-slot scheduling. The PDSCH buffering skipping can be enabled if the UE and gNB have aligned understanding of the minimum K0 within a certain period.
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On adaptation to DL scheduling timing for multi-slot scheduling
If the gNB has good knowledge of traffic profile and is able to arrange scheduling decision early enough, multi-slot scheduling can effectively save the power consumption of PDCCH buffering and blind decoding. Due to gNB scheduling implementation decision, the PDSCH scheduling are spread in multiple slots. Although this is not as efficient as put more data transmission in smaller number of slots, the gNB has implementation freedom to perform such scheduling, which has already taken into account the traffic needs. Then the PDCCH monitoring skipping can be considered in some or all of these scheduled slots to save power. 
However, since cross-slot and multi-slot scheduling can be possibly utilized together, it is desirable to have unified UE behaviour design for PDCCH monitoring skipping.
Proposal 2: PDCCH monitoring skipping used in cross-slot and multi-slot scheduling should have unified design.

On adaptation to the DRX operation
Before entering the DRX_ON period, power saving signal can be used for indication on UE behavior whether to perform PDCCH monitoring. 
In case of mis-detection happens for the power saving signal, the UE default behavior should be clarified. In our opinion, the UE should monitor PDCCH following the legacy behavior with DRX configuration. This relaxes the reliability of power saving signal and provides more flexibility to gNB. Otherwise, if UE default behavior is not to wake up and skip PDCCH monitoring during DRX_ON, network always needs to send power saving signal and high reliability is needed. Correspondingly, the UE behavior indication in the power saving signal should be designed by “allowing UE to sleep” principle instead of “mandating always monitoring”. If UE is required to monitor all the PDCCH occasions during DRX_ON, network can choose not to transmit the power saving signal at all.
Proposal 3: UE default behavior of mis-detection of power saving signal should be monitoring the PDCCH during DRX_ON. The indication by power saving signal should be designed by “allowing UE to skip” principle. The details on skipping operation and other functionalities can be further studied.

If the UE is required to start monitoring PDCCH during DRX_ON, the preparation in advance of DRX_ON is in general beneficial to make UE ready earlier for further traffic scheduling. This can save the UE total active time. The preparation could include channel tracking (including AGC/AFC), CSI measurement, beam tracking and so on. Regarding the SSB and RS resources used for the channel tracking and measurement during the preparation period, network should configure these channels close and properly aligned with intended wake-up timing. A sensible network configuration should allow UE to have implementation flexibility on the long-term frequency and timing tracking, e.g. for UEs without DRX configuration or for UE’s to receive system information even in DRX_OFF. Thus, these signals should be always available regardless of the need of traffic adaptation for power saving.
On the other hand, to make the network obtain channel conditions faster to shorten the total active period, the CSI reporting and SRS triggering can be considered before or at the beginning of DRX_ON period by the indication of power saving signal.
Proposal 4: The SSB and RS resources should be assumed available by the UE in the preparation period before DRX_ON for channel tracking, CSI measurement, beam tracking and so on. This is achievable by framework of legacy SSB and RS configurations. These signals should be always available regardless of the need of traffic adaptation for UE implementation flexibility of channel tracking. The triggering of CSI report and SRS for earlier channel status awareness for gNB can be considered by indication in power saving signal.

Due to that different traffic can have different arrival profile and different latency requirement, more flexible and dynamic DRX adaptation can be beneficial. This can be considered together with the procedures of other UE assistance information reporting, which have some relevance with the traffic characteristics and scheduling prediction.

On adaptation in frequency domain
Although the frequency domain adaptation was identified to be studied, the trade-off between benefit and impact of adaptation among different BWP and CC should be justified. For intra-CC frequency domain adaptation, dynamic BWP switching is available already from Rel.15. The interaction between UE and gNB on the request/suggestion and conformation also needs some study, e.g. how UE can identify the most appropriate BWP. Therefore, careful analysis should be carried out. 
For inter-CC frequency domain adaptation, activation/deactivation of the carrier in NR Rel.15 is MAC based. In our view, single wideband carrier with multiple BWPs and multiple narrower carriers where total BW is same as single wideband case should achieve similar order of the power consumption gain. Therefore, it is worth to consider L1 based activation/deactivation. 
Proposal 5: For intra-carrier frequency domain adaptation, it needs careful study on scenarios and use cases for power saving purpose as BWP adaptation is available. For inter-carrier frequency adaptation, it is worth to study L1 based activation/deactivation.

On PDCCH monitoring reduction
As mentioned above in DRX related discussion, one of the functionalities of power saving signal should strive for PDCCH monitoring reduction. Depending on the acquired traffic characteristics and requirement, gNB can selectively reduce the PDCCH monitoring efforts for UEs in different levels:
· The slot level indication. If gNB thinks no need to schedule UE in some or even all of the slots in DRX_ON duration, UE can be indicated by L1 signaling to skip some or all of the slots for PDCCH monitoring. The power saving signal can be used for the indication.
· CORESET/search space level configuration/indication. To further reduce the power consumption for PDCCH blind decoding, limiting the blind decoding opportunities by new configurations of CORESET/search space can be potentially considered. From the agreed power model P(α) = α ∙ Pt + (1 – α) ∙ 0.7Pt = 0.7Pt + α ∙ 0.3Pt, it can be seen that in a same slot scheduling, the reduction of factor α (which stands for the ratio of PDCCH candidates to the max number of PDCCH candidates) can achieve up to 30% power reduction. 
It is also noted that limiting the flexibilityof PDCCH blind decoding candidates can increase the blocking rate in system level. Hence the tradeoff of the network operation should be allowed by the design of flexible signaling structure, e.g. indication in the power saving signal can utilize both slot level and CORESET/search space level PDCCH skipping for lower power consumption but not causing increased blocking rate.
Observation 2: Limiting PDCCH candidates increases blocking rate. Thus monitoring reduction should be sufficiently flexible design to allow the network implementation tradeoff between power saving and blocking rate.

On gNB and UE assistance information
 The discussion of gNB and UE assistance information involves more detailed procedures on how and which information should be interacted between UE and network side. More detailed discussion can be found in our companion paper in [2].

Conclusions
This contribution provides our views on the UE traffic adaptation and power consumption characteristics.
As discussed, the UE power consumption is naturally linked to traffic characteristic and the time used to finish all the processing. To summarize the discussion, the following proposals are highlighted:
Observation 1: Cross-slot scheduling is beneficial for power saving. By proper implementation of gNB scheduler, the data transmission can be aggregated into smaller number of slots, which is the main enabler of saving power consumption. 
Proposal 1: UE switching to micro-sleep and skipping PDCCH monitoring should be decoupled with functionality of cross-slot scheduling. The PDSCH buffering skipping can be enabled if the UE and gNB have aligned understanding of the minimum K0 within a certain period.
Proposal 2: PDCCH monitoring skipping used in cross-slot and multi-slot scheduling should have unified design.
Proposal 3: UE default behavior of mis-detection of power saving signal should be monitoring the PDCCH during DRX_ON. The indication by power saving signal should be designed by “allowing UE to skip” principle. The details on skipping operation and other functionalities can be further studied.
Proposal 4: The SSB and RS resources should be assumed available by the UE in the preparation period before DRX_ON for channel tracking, CSI measurement, beam tracking and so on. This is achievable by framework of legacy SSB and RS configurations. These signals should be always available regardless of the need of traffic adaptation for UE implementation flexibility of channel tracking. The triggering of CSI report and SRS for earlier channel status awareness for gNB can be considered by indication in power saving signal.
Proposal 5: For intra-carrier frequency domain adaptation, it needs careful study on scenarios and use cases for power saving purpose as BWP adaptation is available. For inter-carrier frequency adaptation, it is worth to study L1 based activation/deactivation.
Observation 2: Limiting PDCCH candidates increases blocking rate. Thus monitoring reduction should be sufficiently flexible design to allow the network implementation tradeoff between power saving and blocking rate.
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Appendix - Agreements in the past meetings

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

Companies are enouarged to perform more analysis/evaluations for the above schemes
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.
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