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A WID on power saving enhancements for NR was approved at RAN plenary#86 [1], including the following objectives on power saving for connected mode UEs:
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.

In RAN1#102e, some candidate power saving schemes were identified in the feature lead summary [4] document that could be further considered, however a conclusion on this list was not reached at the meeting. The list included the following potential techniques:
· Adaptation of PDCCH monitoring behaviours  
· Search space set group switching 
· PDCCH skipping which indicate to change PDCCH monitoring behaviour, e.g., 
· to monitor PDCCH or to skip monitoring PDCCH, 
· to skip PDCCH monitoring for a certain duration,
· to adapt to different PDCCH parameters
· search space set level activation/deactivation
· Dynamic adaptation to the maximum number of MIMO layers within the active BWP
· Decoupling non-fallback DCI for DL and UL scheduling, i.e., configure different SS for each, adaptively monitoring non-fallback UL DCI by SR
· Extend RB sets adaptation for PDCCH monitoring in frequency domain to licensed band
· [Relaxing PDSCH processing time]
· Multi-PDSCH/multi-PUSCH scheduling
· WUS for short DRX


Triggering schemes for DCI-based power saving adaptation during DRX active time were also considered in RAN1#102e. These schemes included the following:
· Scheduling DCI
· The indication of PDCCH monitoring behaviour adaptation can be
· Explicit/implicit indicated by scheduling DCI
· Joint indication of the PDCCH monitoring adaptation with
· cross-slot scheduling defined in Rel-16
· Scell dormancy
· [SS set group switching defined in Rel-16]
· The scheduling DCI for indicating PDCCH monitoring behaviour adaptation can be 
· DCI format x_1
· DCI format x_2
· Enhancement for retransmission handling
· Apply adaptation only after HARQ ACK condition is fulfilled
· Apply adaptation right after DCI indication but start timer(s) to handle retransmission if required
· Non-scheduling DCI
· Group common DCI , e.g., SS set group switching defined in Rel-16
· Explicit indicated by DCI
· Joint indication of the PDCCH monitoring adaptation with
· cross-slot scheduling defined in Rel-16
· DCI format 2_6 to indicate adaptation of the PDCCH monitoring during active time, and it should extend DCI with ps-RNTI is received during active time
· Extension of DCI format 2_6 to indicate adaptation of the PDCCH monitoring during next DRX cycle in the active time
· Unicast non-scheduling DCI, e.g., DCI format 0_1 and 1_1 for case 2 dormancy indication
· Timer based adaptation to adapt PDCCH monitoring behavior, including skipping or monitoring set adaption, 
· UL transmission, e.g., SR / CG

This document provides our views on PDCCH skipping-based techniques and on triggering methods for adaptation during the active time. 

PDCCH-skipping based techniques
We classify PDCCH-skipping techniques as being either short term or long term.
Short term PDCCH skipping Short term PDCCH skipping could be used to allow the UE to not monitor PDCCH for a few subframes. We envisage that short term PDCCH skipping would be instigated by short term decisions by the scheduler. For example, the scheduler could determine that there is no data in the buffer for the UE and thus allow the UE to skip monitoring PDCCH for some subframes. Alternatively, there may be data in the buffer for the UE, but the scheduler is scheduling other UEs. In this case, the scheduler could estimate when the UE would once again be scheduled (e.g. when the UE would come to the front of a round-robin scheduling queue) and allow the UE to skip monitoring PDCCH until the UE is likely to be scheduled again.
Short term PDCCH skipping could be more flexible than applying a fixed DRX cycle, allowing the gNB to dynamically control when the UE can skip monitoring PDCCH (rather than the more rigid PDCCH monitoring occasions that are associated with DRX functionality).

Long term PDCCH skipping Long term PDCCH skipping can be used to change the PDCCH monitoring behavior over a longer time period than for short term PDCCH skipping. For example, if the gNB is aware of the traffic type that is being scheduled to the UE, the gNB could adapt the UE’s PDCCH monitoring behavior to better align with the traffic type. Figure 1 illustrates adaptation of the PDCCH monitoring behavior to the traffic type being scheduled.
The figure shows a PDCCH monitoring configuration, “config 1”, which would be appropriate for one traffic model (e.g. FTP-like traffic), and another PDCCH monitoring configuration, “config 2”, which would be appropriate for another traffic model (e.g. HTTP-like traffic). These two traffic models could for instance be supported by a wearable “smartwatch” device, where a music-file download appears like FTP traffic and a fitness application appears like HTTP traffic. After some of the data packets of the traffic stream have been transmitted (and assuming the gNodeB is aware of the traffic type, e.g. via deep packet inspection or QCI), the gNodeB sends a DCI to the UE to indicate whether to apply “config 1” PDCCH monitoring (e.g. if the traffic is FTP) or to apply “config 2” PDCCH monitoring (e.g. if the traffic is HTTP).
As can be seen from the above description, the long term PDCCH monitoring behavior can be adapted  based on the traffic type. Through this, the unnecessary energy cost of PDCCH channel monitoring can be reduced. The control of the PDCCH monitoring can be done per UE by the base station, and the network can tailor a monitoring configuration based on the current UE traffic pattern. The power saving performance of such a scheme was analysed and the results were noted in TR38.840 [2], where it was noted that a power saving gain of 48% was observed for the given evaluation assumptions. Further details on the evaluation are available in [3].



[bookmark: _Ref528921594]Figure 1 – DCI control of long term PDCCH skipping

We think that there are use cases for both short-term PDCCH skipping and long term PDCCH skipping. Hence we make the following proposals on types of PDCCH skipping technique that RAN1 should consider further.
Proposal 1. RAN1 considers short term PDCCH skipping, where the UE does not monitor PDCCH for a few subframes and once the PDCCH skipping is complete, the UE returns to monitoring PDCCH.
Triggering schemes for power saving adaptation
Long term PDCCH skipping techniques are potentially best indicated by DCI, since the UE and gNodeB need to have the same understanding of PDCCH monitoring behavior over multiple subframes and the adaptation to the PDCCH monitoring behavior may be involved (e.g. the PDCCH monitoring behavior consists of a pattern of PDCCH monitoring that needs to be signaled, rather than just skipping PDCCH monitoring for a few subframes).
Formatting of the DCI signaling for power save
As indicated in the previous section, an adaption of power saving via adjustments triggered by DCI is proposed. The DCI based signalling for triggering UE power saving settings, for example the PDCCH monitoring pattern for long-term PDCCH skipping, enables the network to quickly adjust the parameters for the UE to save power when feasible.

DCI formats should be kept small, and therefore the configuration options via DCI based adaptation needs to be implemented using only a few bits of signalling. Explicit signalling of parameter selections for power saving may lead to large numbers of bits, e.g. if several parameters for power saving should be signalled.
We propose higher layer signalling to be used for determining a set of different configurations (combinations of parameter values) for the UE. The DCI can then be used to trigger switching/selecting one of these pre-configured configurations using only a few bits of signaling. For example, referring to Figure 1, the UE could be configured with different sets of ‘t1’ and ‘t2’ values that control the PDCCH monitoring behavior (e.g. one set of ‘t1’ and ‘t2’ values, config1, that is suitable for FTP traffic and a second set of t1’ and ‘t2’ values, config2, that is suitable for HTTP traffic) and a bit in the DCI could be used to switch between application of config1 and config2.

Proposal 3: Allow higher layer signalling to pre-configure parameter sets for the UE, such as different PDCCH skipping configurations, where the DCI can be used to trigger use of one of those pre-configured parameter sets.
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Timer based adaptation to PDCCH monitoring behaviour
Timer-based adaptation of PDCCH monitoring behavior can also be considered.
For short-term PDCCH skipping techniques, the UE could start to skip a pre-configured number of PDCCH monitoring occasions once there had been inactivity / activity for a certain number of subframes. For example, if the UE had not been scheduled for N subframes, the UE could be triggered to skip monitoring PDCCH for a number of subframes on the assumption that there is a low level of traffic activity. In a counterexample, if the UE had been scheduled consecutively for M subframes, the UE could be triggered to skip monitoring PDCCH for a different number of subframes on the assumption that a round robin scheduler was going to stop scheduling the UE in question and move to schedule a different UE.
For long term PDCCH skipping techniques, the PDCCH monitoring behavior could be adapted as a function of how many “PDCCH skipping cycles” the UE had performed. For example, with reference to Figure 1, if the UE had not been scheduled with PDCCH in one of the earlier ‘t2’ PDCCH monitoring bursts, it could monitor fewer PDCCH in the later ‘t2’ PDCCH monitoring burst, on the assumption that the UE is increasingly unlikely to be scheduled as time progresses.

Proposal 4: RAN1 considers timer-based adaptation to PDCCH monitoring behavior, including skipping or monitoring set adaptation.

Conclusions
Proposal 1. RAN1 considers short term PDCCH skipping, where the UE does not monitor PDCCH for a few subframes and once the PDCCH skipping is complete, the UE returns to monitoring PDCCH.
Proposal 2. RAN1 considers long term PDCCH skipping, where the UE PDCCH monitoring behavior is adapted accorded to an ON / OFF pattern over multiple subframes.
Proposal 3: Allow higher layer signalling to pre-configure parameter sets for the UE, such as different PDCCH skipping configurations, where the DCI can be used to trigger use of one of those pre-configured parameter sets.

Proposal 4: RAN1 considers timer-based adaptation to PDCCH monitoring behavior, including skipping or monitoring set adaptation.
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