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1 Introduction
In this contribution, we discuss various aspects on the PDCCH monitoring reduction techniques and give our proposals. 
2 Discussion 

The motivation for PDCCH monitoring reduction
NR UE needs to support large system bandwidth, high peak data rate, low latency requirement. All these aspects bring in great challenge to the UE’s battery life. UE’s power saving techniques is needed to improve NR user experience.  

For UE in RRC connected state, PDCCH monitoring dominates the UE’s power consumption. In addition, most of the PDCCH monitoring occasions correspond to no data scheduling. Therefore, PDCCH monitoring reduction is an important direction to facilitate UE’s power saving.

During the study phase of power saving study item, various power saving techniques has been proposed and investigated. Wake-up mechanism, PDCCH monitoring periodicity adaptation, PDCCH skipping, DRX adaptation etc. could contribute to reduce the burden of PDCCH monitoring.    
Observation 1: PDCCH monitoring reduction is an important direction to facilitate UE’s power saving.

The characteristic of PDCCH scheduling GAP

Based on the study and the field test from LTE real deployment in [1], there are scheduling gaps between two consecutive scheduling during active time. For convenience, the statistical results on the scheduling gap are abstracted as follows in Figure 1.
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Figure 1 statistical results on the scheduling gap when UE is in active state

It can be seen from the results in Figure 1 that for nearly 80% of time there are scheduling gaps. And the gap length ranges from 1 slot to 69 slots while for most of cases the gap length is within the range from 1 slot to 30 slots.

There are several factors resulting in the scheduling gaps:

1) There is a scheduling queue due to multiple-users scheduling
2) The bursty characteristic of the traffic

3) Re-transmission of the data packet

If the PDCCH monitoring can be reduced or skipped during the scheduling gap, the UE’s power consumption could be reduced. 
Observation 2: There are dominant scheduling gaps between two consecutive scheduling during active time. 
PDCCH skipping 

PDCCH skipping techniques is one of the methods to reduce the PDCCH monitoring during the scheduling gap. It has been discussed and evaluated PDCCH monitoring skipping could bring in significant power saving gain as captured in TR 38.840. For a while the UE has no traffic or the UE’s data packet being processed in the scheduling queue, the gNB could indicate the UE to skip PDCCH monitoring for that time duration as illustrated in Figure 2. It is noted that the scheduler has enough knowledge and could decide how long the UE could skip the PDCCH monitoring. For example, it can be determined depending on UE’s traffic statistics, latency requirement or scheduling load of the cell. Such kinds of skipping indication can be carried by the scheduling DCI. 
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Figure 2: Indication to skip PDCCH monitoring
Observation 3: PDCCH skipping can be used to skip the PDCCH monitoring during the scheduling gap.

The power saving performance of PDCCH skipping
The performance of PDCCH reduction techniques have been intensively evaluated during the study item. For PDCCH skipping, Power saving gain in the range of 9%~83% is observed, with latency increase in the range of 0.1%~75% and overhead of 0% - 1% with one source showing 124% latency increase. Generally, the gain is higher for scenarios with CDRX configuration with larger DRX inactivity timer duration and for lower traffic load, and higher latency increase is associated with higher gain. 
Furthermore, as discussed above, PDCCH skipping tries to skip PDCCH monitoring during the non-periodic scheduling gap in the DRX active time and it can explore the sleeping opportunity as short as 1 slot. Therefore, additional power saving gain could be expected on top of DRX scheme which focus on the large scale power saving. RAN2 has also concluded that RAN2 has not identified that PDCCH skipping duplicate DRX functionality.

A study in [2] shows that PDCCH skipping could achieve additional power saving gain on top of C-DRX even when short DRX cycle is configured. 
Observation 4: PDCCH skipping has been proved its significant power saving gains during the power saving study item.

 Observation 5: PDCCH skipping could achieve additional power saving gains on top of the current C-DRX with/without short DRX cycle.
Specification and implementation effect

As discussed above, in order to support PDCCH skipping, a bit field to indicate the scheduling gap could be added into the scheduling DCI. The increased overhead is negligible, i.e., 1-2 bits in the scheduling DCI can indicate 2-4 gap lengths. In order to acquire the indication flexibility, the gNB can configure a set of gap lengths with RRC signalling and further indicate one of the gap lengths using the scheduling DCI.  
PDCCH skipping scheme may require the gNB to predict a reasonable PDCCH skipping gap, which can be determined sufficiently based on the following factors:
· DL/UL  scheduling queue length
· Traffic arrival statistics
· Scheduling Algorithm 
· Latency requirements
For example, the gNB has good knowledge of the DL/UL scheduling queue when there are multiple users served in the system. The gNB can easily determine when the UE would be scheduled again based on the scheduling load. As another example, the gNB could acquire the traffic arrival statistics of each UE. Depending on the traffic statistics characteristic, the gNB could determine reasonable PDCCH skipping gap length. Therefore, it can be expected PDCCH skipping would not result in significant higher complexity for the gNB.
The introduced scheduling latency could be under the control of the network by selecting proper skipping gaps. There will be no increase of power consumption for the gNB by the PDCCH skipping scheme. 
Observation 6: PDCCH skipping has minor specification impact and overhead.

Observation 7: PDCCH skipping would not result in significant higher complexity for the gNB.
3 Conclusion

In this contribution, we discussed various aspects on the PDCCH skipping and have the following observations:
Observation 1: PDCCH monitoring reduction is an important direction to facilitate UE’s power saving.

Observation 2: There are dominant scheduling gaps between two consecutive scheduling during active time.
Observation 3: PDCCH skipping can be used to skip the PDCCH monitoring during the scheduling gap.

Observation 4: PDCCH skipping has been proved its significant power saving gains during the power saving study item.

 Observation 5: PDCCH skipping could achieve additional power saving gains on top of the current C-DRX with/without short DRX cycle.
Observation 6: PDCCH skipping has minor specification impact and overhead.

Observation 7: PDCCH skipping would not result in significant higher complexity for the gNB.
Based on the above observations, it could be seen that PDCCH skipping which aims at explore the scheduling gaps for finer power saving is one promising tool to facilitate UE’s power saving. It can work well with other power saving techniques such as wake-up mechanism, cross-slot scheduling, MIMO layer adaptation, DRX etc.  However, during the RAN plenary meeting 84, PDCCH monitoring reduction hasn’t been captured in the updated NR power saving work item [3]. Companies will further discuss to include it in the next RAN plenary meeting. Based on the discussion above, we propose PDCCH skipping shall be specified in NR Rel-16.
Proposal 1: PDCCH skipping shall be specified in NR Rel-16.
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