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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 TR 38.840, RAN1 progresses on DCI-based PDCCH skipping are 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 RAN2#96bis meeting, RAN2 agree to study the impact of DCI-based PDCCH skipping and assuming it can be configured with or without DRX, as follows:
Agreement

1. RAN2 will study the RAN2 impact of DCI-based PDCCH skipping assuming that it can be configured with or without DRX.  
There is also an Email discussion on-going to select companies’ view.
In this contribution, we give our view on the DCI based PDCCH skipping and possible impacts to RAN2.
2 Discussion

2.1 DCI-based PDCCH skipping
In MAC specification, when UE receives a DRX Command MAC CE or Long DRX Command MAC CE, it will stops drx-onDurationTimer and drx-InactivityTimer:
1>
if a DRX Command MAC CE or a Long DRX Command MAC CE is received:

2>
stop drx-onDurationTimer;

2>
stop drx-InactivityTimer.

It should be noted that stopping drx-onDurationTimer and drx-InactivityTimer does not mean that UE stops PDCCH monitoring since UE would be still in DRX Active Time if other timers are running, e.g., drx-RetransmissionTimerDL or drx-RetransmissionTimerUL.
Observation 1 UE receiving Long/DRX Command MAC CE does not mean that UE stops PDCCH monitoring.

For DCI-based PDCCH skipping, it skips PDCCH monitoring for the indicated time duration (independent of DRX configuration as agreed) based on RAN1 design even during DRX Active Time.
Observation 2 UE receiving DCI-based PDCCH skipping, it will skip PDCCH monitoring for a duration which is indicated by DCI.

In RAN2#105bis meeting, it’s assumed that DCI-based PDCCH skipping can be configured with or without DRX. If DCI-based PDDCCH skipping is used without DRX, there should be no impacts to MAC layer since all the behaviours after receiving the L1 signaling is transparent to MAC.

Proposal 1 If DCI-based PDCCH skipping is configured without C-DRX, it has no impact on the MAC specification.

If DCI-based PDCCH skipping is configured with DRX, UE may receive the DCI-based PDCCH skipping during DRX Active Time. The Active Time may be due to the following timers are running:
-
drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer  is running; or

-
a Scheduling Request is sent on PUCCH and is pending; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble.

In our view, all the timers should keep running and the UE can still apply the indication of DCI-based PDCCH skipping to skip PDCCH monitoring for an indicated duration. This will make the DCI-based PDCCH skipping transparent to MAC specification, and the legacy DRX behaviour is not affected.
Proposal 2 If DCI-based PDCCH skipping is configured with C-DRX, when DCI-based PDCCH skipping is received, UE skips PDCCH monitoring for an indicated duration even if the UE is in DRX Active Time.

Proposal 3 If DCI-based PDCCH skipping is configured with C-DRX, when DCI-based PDCCH skipping is received, the legacy DRX behaviours are not changed.
Since DCI-based PDCCH skipping is firstly introduced in RAN1, RAN2 does not see impacts of this feature to MAC specification, so whether or not to support DCI-based PDCCH skipping is up to RAN1 discussion.
Proposal 4 RAN2 does not see impacts of DCI-based PDCCH skipping to MAC, it’s up to RAN1 discussion whether or not to support DCI-based PDCCH skipping.
2.2 DCI-based PDCCH monitoring period switching
RAN1 also discussed DCI-based PDCCH monitoring period switching:

· 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
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. In MAC specification, if UE is in DRX Active Time, UE needs to monitor PDCCH on all the configured search spaces, irrespective of the configured period of each search space. Based on the RAN1 conclusion from the TR, it seems the configured CORESET/search space can be dynamically controlled to be ON/OFF, however, from RAN2 point view, this feature has no impact on RAN2.
Observation 3 Dynamically switching PDCCH monitoring periodicity via L1 signalling has no impacts on RAN2. 

Proposal 5 RAN2 does not see impacts of DCI-based PDCCH monitoring period switching.
.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
UE receiving Long/DRX Command MAC CE does not mean that UE stops PDCCH monitoring.
Observation 2
UE receiving DCI-based PDCCH skipping, it will skip PDCCH monitoring for a duration which is indicated by DCI.
Observation 3
Dynamically switching PDCCH monitoring periodicity via L1 signalling has no impacts on RAN2.
Proposal 1
If DCI-based PDCCH skipping is configured without C-DRX, it has no impact on the MAC specification.
Proposal 2
If DCI-based PDCCH skipping is configured with C-DRX, when DCI-based PDCCH skipping is received, UE skips PDCCH monitoring for an indicated duration even if the UE is in DRX Active Time.
Proposal 3
If DCI-based PDCCH skipping is configured with C-DRX, when DCI-based PDCCH skipping is received, the legacy DRX behaviours are not changed.
Proposal 4
RAN2 does not see impacts of DCI-based PDCCH skipping to MAC, it’s up to RAN1 discussion whether or not to support DCI-based PDCCH skipping.
Proposal 5
RAN2 does not see impacts of DCI-based PDCCH monitoring period switching.


4 Annex
4.1 6.3
Higher layer procedures for the UE power saving schemes in RRC_CONNECTED

The higher layer procedure for the UE power saving schemes includes the required signalling and procedures (when needed) for the proposed power saving schemes in Section 5.   

The power saving signal/channel scheme for wake-up purpose is considered jointly with c-DRX and is only configured when c-DRX is configured. If the power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies. The higher layer procedure in support of the power saving signal/channel scheme for wake-up purpose should be studied for its adaptation to DRX operation (Section 5.1.4). 
When configured, the power saving signal/channel scheme for wake-up purpose is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
The higher layer procedure in support of DCI-based PDCCH monitoring skipping should be studied to achieve PDCCH monitoring/decoding reduction (Section 5.1.5). If enabled, it is assumed that DCI-based PDCCH monitoring skipping can be configured with or without DRX. If DCI-based PDCCH skipping is configured with C-DRX, when DCI-based PDCCH skipping is received, UE skips PDCCH monitoring for an indicated duration even if the UE is in DRX Active Time, and the legacy DRX behaviours are not changed.

The concept of a timer-based uplink BWP switching mechanism, similar to the current mechanism used for the DL BWP, is not supported in Rel-16.

Power consumption gains can be achieved in CA configuration by reducing PDCCH monitoring in SCells.

UE assistance for DRX configuration should be studied.
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