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1 Introduction

In SID RP-181463, the objectives for UE power saving in RRC Connected mode are as follows:

1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme

b) Study the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics

In the latest TR 38.840, some progresses on DRX adaptation have been made, as follows:
The UE power consumption can be reduced when the number of UE PDCCH monitoring occasions and/or the number of PDCCH blind decoding is reduced.  
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 monitoring

· 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  -

· Multiple CORESET/search space configurations 

· Configuration of different PDCCH periodicities with dynamic signaling

· Adaptation of CORESET/search space configuration – DCI/timer/HARQ-ACK based indication 

· Dynamic/semi-persistent CORESET/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 
In this contribution, we discuss the possible impacts of RAN1 DCI-based mechanism in skipping PDCCH monitoring (i.e. go to sleep) or switching PDCCH monitoring periodicity.
2 Discussion

2.1 DCI based PDCCH skipping
For go-to-sleep signalling, as captured in the TR, it’s an indication to allow UE to go to sleep immediately. Actually, in current MAC specification, go-to-sleep signalling is already supported, which are the DRX Command MAC and Long DRX Command MAC CE, as in following:

1>
if a DRX Command MAC CE or a Long DRX Command MAC CE is received:

2>
stop drx-onDurationTimer;

2>
stop drx-InactivityTimer.

In other words, when UE receives either the MAC CE, it stops both “drx-onDurationTimer” and “drx-InactivityTimer” so that UE does not monitor PDCCH if other timers are running. 

Observation 1 Go-to-sleep signalling is an indication from gNB for allowing UE to go to sleep immediately, which is similar to DRX Command MAC CE or Long DRX Command MAC CE. 

Another alternative besides the existing MAC CE method, the gNB could indicate the UE via DCI to skip PDCCH monitoring for a certain time as illustrated in the following figure:
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It’s beneficial for PDCCH monitoring adaptation, i.e., UE can skip PDCCH monitoring, when there is no traffic for the UE. It should be noted that network has full knowledge and could decide how long the UE can skip the PDCCH monitoring. 

Proposal 1 From RAN2 perspective, both DCI or MAC CE can be used for the UE to skip PDCCH monitoring, details are FFS.
2.2 Switching PDCCH monitoring periodicity
In current specification, CORESET is configured per BWP, and each CORESET is associated with one or several search space. Different search space may have different monitoring period depending on configuration.
RAN1 has discussed different options to adapt the PDCCH monitoring periodicity, as follows:

· Multiple CORESET/search space configurations 

· Configuration of different PDCCH periodicities with dynamic signaling

· Adaptation of CORESET/search space configuration – DCI/timer/HARQ-ACK based indication 

· Dynamic/semi-persistent CORESET/search space ON/OFF

· Adaptation between DRX ONduration timer and inactivitytimer

· Separated PDCCH monitoring of DL and UL
Among which, most of them are RAN2 transparent, i.e., no impacts to RAN2.
Observation 2 Dynamically switching PDCCH monitoring periodicity via L1 signalling has no impacts on RAN2. 

From RAN2 perspective, however, some enhancements can be considered, for example, timer based adaptation of CORESET/search space. Basically, in the current DRX configuration, the UE needs to monitor PDCCH on all the configured CORESET and associated search space if the UE in DRX active time. However, UE may not always detect PDCCH in each search space, so most of the PDCCH monitoring behaviour is waste of power.
Observation 3 UE may not always detect PDCCH in each search space, so most of the PDCCH monitoring behaviour is waste of power.
From another perspective, there may be multiple CORESET configured in one downlink BWP, in this case, drx-inactivityTimer may be triggered if UE detects PDCCH in one of them, however, it may not necessary for  the UE to extend the PDCCH monitoring in other CORESET.
Observation 4 Currently, extending PDCCH monitoring due to start/restart drx-InactivityTimer apply to all the configured search spaces.

One possible enhancement is to associate each configured CORESET with different drx-InactivityTimer, the procedure is:
· UE monitors PDCCH on all the configured CORESET in the common on duration period, this period can be decided on drx-onDurationTimer;

· If PDCCH is detected in one of the CORESET, the UE starts the corresponding drx-InactivityTimer;
· UE only monitor PDCCH on the corresponding CORESET associated with the triggered drx-InactivityTimer. 
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Proposal 2 Timer based PDCCH monitoring can be considered in RAN2.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
Go-to-sleep signalling is an indication from gNB for allowing UE to go to sleep immediately, which is similar to DRX Command MAC CE or Long DRX Command MAC CE.
Observation 2
Dynamically switching PDCCH monitoring periodicity via L1 signalling has no impacts on RAN2.
Observation 3
UE may not always detect PDCCH in each search space, so most of the PDCCH monitoring behaviour is waste of power.
Observation 4
Currently, extending PDCCH monitoring due to start/restart drx-InactivityTimer apply to all the configured search spaces.
Proposal 1
From RAN2 perspective, both DCI or MAC CE can be used for the UE to skip PDCCH monitoring, details are FFS.
Proposal 2
Timer based PDCCH monitoring can be considered in RAN2.
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