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1. Introduction
[bookmark: _GoBack]At the RAN1#102-e meeting, the techniques for extension to DCI-based power saving adaptation were discussed and RAN1 made following agreements [1].
	Agreements:
· Reusing power model in TR38.840 for evaluation of DCI-based power saving adaptation schemes.
· Note: company reporting additional power model for missing state or update is not precluded.

Agreements:
· Company should report assumptions used for periodic measurement activities for the Rel-17 DCI-based power saving adaptation evaluation.
· The periodic activities defined in TR38.840 can be reused.
· Measurement for RLM/BFD every C-DRX cycle can be optionally modelled

Agreements:
· The performance metrics described in TR38.840 section 8.2 is reused for power saving evaluation of Rel-17 DCI-based power saving adaptation during ActiveTime.
· The following Rel-15 / 16 features is recommended of the power consumption as reference for baseline. Company can report the feature(s) being used in the baseline.
· DRX
· C-DRX cycle 40msec for VoIP
· 10ms IAT, 8ms On-duration
· Assume max two packets bundled
· C-DRX cycle 160msec for FTP
· Alt 1: 20 msec IAT, 8ms On-duration
· Alt 2: short DRX
· 20 ms [or 40ms as optional] IAT, 8ms On-duration
· 20 ms for short DRX cycle, 4 cycles
· Note: 100 msec IAT, 8ms On-duration can also be used with sufficient justifications that available Rel-15/16 Techniques being used to reduce UE power saving
· DCP for DRX adaptation,
· DCP offset  to DRX ON = 2 ms, other values are not precluded
· Cross-slot scheduling adaptation
· Minimum K0 can be adapted from 0 to 1 for FR1, 0 to [4] for FR2
· BWP switching, including
· MIMO layer adaptation,
· Max # of MIMO layer can be adapted from 4 layer to 2 layer for FR1, 2 layer to 1 layer for FR2
· PDCCH monitoring period adaptation
· PDCCH monitoring period can be adapted from per slot monitoring to X slot monitoring
· X = [2] for FR1 and [8] for FR2
· Bandwidth adaptation
· Bandwidth can be adapted from 100MHz to 20MHz for FR1,FFS for FR2
· Note: 
· BWP transition time type 2 is assumed, BWP transition duration is
· 5 slot @ 30kHz SCS for FR1, 
· 18 slot@120kHz SCS for FR2
· the slot-average power level for BWP transition duration is according to TR38.840
· BWP transition time type 1 can be optional modelled
· BWP switching is Y (ms) after last packet/data burst. 
· Y = [8], other values are not precluded
· Whether BWP switching is modeled depends on the assumed UE capability and evaluated schemes.
· Scell dormancy assumption for CA capable UEs
· FR1 & FR2: SCell dormancy with [160 ms] periodic CSI measurement and reporting
· Other settings
· CA assumption if configured for CA capable UEs
· For FR1, FFS
· For FR2, 4*100MHz can be considered.
· Assumptions for scheduler
· For FR1, no restriction on the beam assumptions being used in each slot
· For FR2, up to each company, e.g., gNB equally schedule the slots for UEs targeting to different beams. 
· Note: the assumptions does not necessary mean to restrict or precluded any implementation. Other assumptions are not precluded and can be reported by companies.
· Company to report the used assumption for the interruption and also power savings impact due to presence/absence of interruptions .

Agreements:
Legacy traffic models in TR38.840 can be considered for Rel-17 DCI-based power saving adaptation evaluation, other traffic models can be optionally modelled and company report which traffic model(s) is used.

Draft LS is approved (with generic RAN2 action), with final LS in R1-2007419.



In this contribution, we discuss on the extension to Rel-16 DCI-based power saving adaptation.

2. Discussion
2.1. PDCCH skipping along with cross-slot scheduling
In Rel-16, a minimum scheduling offset of K0/K2 was introduced for enhancement on cross-slot scheduling, and the minimum scheduling offset can be indicated by DCI from RRC configured candidate values. When the minimum scheduling offset is indicated by DCI, the actual scheduling offset K0/K2 equal to or larger than the corresponding minimum scheduling offset can be indicated by DCI from RRC configured candidate values. Cross-slot scheduling provides power saving gain by ensuring the sufficient time for PDCCH processing before starting the subsequent PDSCH reception. Because of this, after PDCCH reception UE can sleep without starting PDSCH reception/buffering. Also, in case of cross-slot scheduling, the UE power consumption can be reduced by relaxing the PDCCH processing based on the value of the minimum scheduling offset. However, the typical PDCCH monitoring periodicity seems every slot, and then the benefit of cross-slot scheduling would diminish since the UE needs to wake up to monitor next PDCCH occasion within the duration between PDCCH and PDSCH, and the parallel PDCCH processing may occur if the time for the relaxed PDCCH processing time is more than 1 slot. Basically, cross-slot scheduling would be applied on the condition that power saving is prioritized, e.g., low traffic amount for the UE. Also, even when there is burst traffic for the UE, the data scheduling for the UE might occur once in several slots depending on the number of UEs within the cell. In such cases, PDCCH monitoring in every slot might not be reasonable. Thus, PDCCH skipping along with cross-slot scheduling should be considered so that the benefit of cross-slot scheduling can be maximized.
Observation 1: PDCCH skipping along with cross-slot scheduling can maximize the benefit of cross-slot scheduling.

As mentioned above, assuming the UE monitors PDCCH in slot n, when the UE tries to monitor PDCCH between slot n and slot (n + the value of the applicable minimum scheduling offset), the UE sleep will be disturbed and the UE cannot relax PDCCH processing sufficiently. Thus, PDCCH skipping for a duration of the applicable minimum scheduling offset from PDCCH monitoring occasion should be supported.
Proposal 1: PDCCH skipping for a duration of the applicable minimum scheduling offset from PDCCH monitoring occasion should be supported.

[image: ] 
Figure 1: PDCCH skipping along with cross-slot scheduling

2.2. Enhancements on search space set group switching 
In Rel-16, a search space set group switching by DCI format 2_0 or implicit way was introduced in NR-U WI. Based on the scheme, the parameters related to PDCCH monitoring, e.g., periodicity, can be dynamically changed, and similar scheme should be beneficial for licensed bands as well. In NR-U feature discussion in Rel-16, it has not been decided whether or not search space set group switching can be applied to licensed bands as well. If search space set group switching cannot be applied to licensed bands in Rel-16, search space set group switching should be applied to licensed bands in Rel-17. In addition, the enhancements on search space set group switching for licensed bands should be studied.
Proposal 2: Enhanced search space set switching should be applied to licensed bands.

Although explicit indication only by DCI format 2_0 is possible in the Rel-16 search space set group switching, it does not make sense in licensed bands. At least regular scheduling DCI, i.e., DCI format 0_1 and 1_1 should be able to indicate search space set group switching for licensed bands.
Proposal 3: DCI format 0_1 and 1_1 can indicate search space set group switching.

Several opportunities to change the configuration of search space set, e.g., PDCCH monitoring periodicity, can be considered, e.g., end of the traffic, expiration of the timer from last data arrival, entering CDRX states and so on. However, the Rel-16 search space switching only supports switching between two search space set groups. Thus, if more flexible change of the configuration of search space is enabled, power saving gain should be increased by appropriate adaptation of PDCCH monitoring. One approach is search space set level activation/deactivation, and the number of search space sets can be narrowed down step by step.
Proposal 4: Based on search space set group switching, some mechanism providing more flexibility on adaptation of the parameters related to PDCCH monitoring should be considered.
Proposal 5: Search space set level activation/deactivation should be considered.

3. Conclusion
In this contribution, the extension to Rel-16 DCI-based power saving adaptation was discussed. Based on the discussion, the following observation and proposals were made:
Observation 1: PDCCH skipping along with cross-slot scheduling can maximize the benefit of cross-slot scheduling.
Proposal 1: PDCCH skipping for a duration of the applicable minimum scheduling offset from PDCCH monitoring occasion should be supported.
Proposal 2: Enhanced search space set switching should be applied to licensed bands.
Proposal 3: DCI format 0_1 and 1_1 can indicate search space set group switching.
Proposal 4: Based on search space set group switching, some mechanism providing more flexibility on adaptation of the parameters related to PDCCH monitoring should be considered.
Proposal 5: Search space set level activation/deactivation should be considered.
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