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Introduction
In RAN1#95 meeting, some details on UE adaptation to the traffic and power consumption characteristics were discussed and some potential UE adaptation options on time/frequency domains had been identified to be further studied, some agreements were achieved as follows[1]:
	Agreements:
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  -
· Mulitple CORESET/search space configurations 
· Configuration of different PDCCH periodicities with dynamic signaling
· Adaptation of CORSET/search space configuration – DCI/timer/HARQ-ACK based indication 
· Dynamic/semi-persistent CORSET/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 
Other power saving schemes for the reduction of PDCCH monitoring and blind decoding are not precluded.
Agreements:
[bookmark: _GoBack]The UE power saving schemes for the UE adaptation in frequency domain for further study are as follows, 
· BWP -  UE adaptation to different BWP
· RS to assist UE channel tracking and measurements to assist BWP switching  
· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching
· Association of BWP and DRX configuration
· CA/DC – 
· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 
· Adaptation of PDCCH monitoring/search space on activated SCell 
· Power adaptation based on the operation in a group of cell in power efficient way
· CSI/RRM measurements and beam management at non-active SCell
Other power saving schemes with UE adaptation in frequency domain are not precluded.



[bookmark: _Ref494215420]In this contribution, we further discuss the details of UE adaptation options on PDCCH monitoring in time/frequency domain for power saving purpose, mainly focus on:
· Power saving signal triggering PDCCH monitoring
· Adaptation of PDCCH monitoring/search space on activated SCell 
· Quick SCell activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 
· CSI/RRM measurements and beam management at non-active SCell

Discussion
Power saving signal triggering PDCCH monitoring
Power saving signal can be used to trigger PDCCH monitoring, but network overhead and UE power consumption will increase if power saving signal need to be transmitted and detected before every PDCCH monitoring occasion.
So power saving signal design can be optimized, such as:
· Time domain resource of power saving signal is explicitly configured with a gap between the end of power saving signal duration and the boundary of the slot which contains PDCCH monitoring occasion.
· Time domain resource of power saving signal can be activated to be valid periodically. The valid period is based on the period of PDCCH monitoring, i.e., the detection cycle of power saving signal is associated with PDCCH monitoring. (i.e., the period of power saving signal may be several times bigger than PDCCH monitoring period)
· UE consecutively detects power saving signal according to a default period or the period of the first PDCCH monitoring until UE receives a power saving signal, then UE will detect next power saving signal based on the new valid period.


Figure1 power saving signal triggering PDCCH monitoring
Compared with power saving signal before every PDCCH monitoring occasion, the above solution can be considered to reduce UE power consumption and system overhead.
Proposal 1: Time domain resource of power saving signal can be activated periodically to reduce UE power consumption.

Power saving in CA 

Generally, NR UE configured with CA operation can support large bandwidth to boost the transmission peak data. SCells configured by NW can be activated and deactivated through MAC-CE or SCellDeactivationTimer based on actual traffic requirement. According to the spec [2], SCell is activated via MAC-CE, when a UE receives an activation command in slot n, the SCell is activated in slot n +. After the SCell is activated, the UE is required to monitor SCell PDCCH along with related to CSI measurement and reporting. NW selects the few best SCells with the best CQI for scheduling data. The latency for activating a SCell and initial CQI estimation/reporting is very high, therefore, it is not efficient to quickly activate SCells to offload bursty traffic.
In addition, the design motivation for SCell activation and deactivation was for power saving, however, due to high latency for activating a SCell, network tends to activate SCells and leaves them activated even if there is low traffic load. When the traffic load is low, the UE can only be scheduled on one of the serving cell, e.g., the Primary serving cell, continuously monitoring for grant in SCell may waste UE’s power. For the purpose of power saving, it is beneficial to fast deactivate the SCells. 
Some potential options had been identified to be further studied as follows, we discuss the remaining issues.
Adaptation of PDCCH monitoring/search space on activated SCell
Cross-carrier scheduling from PCell
When CA is configured, a UE may be scheduled over multiple serving cells simultaneously. Cross-carrier scheduling with the Carrier Indicator Field (CIF) allows the PDCCH of a serving cell to schedule resources on another serving cell but with the following restrictions:
-	Cross-carrier scheduling does not apply to PCell i.e. PCell is always scheduled via its PDCCH;
-	When the PDCCH of a SCell is configured except for a LAA SCell, cross-carrier scheduling for uplink transmission and downlink transmission does not apply to this SCell i.e. it is always scheduled for uplink transmission and downlink transmission via its PDCCH;
-	When the PDCCH of a SCell is not configured, cross-carrier scheduling for uplink transmission and downlink transmission applies and this SCell is always scheduled for uplink transmission and downlink transmission via the PDCCH of one other serving cell.


Figure2 cross-carrier scheduling SCell in PCell 
If all SCells are configured to be scheduled by PCell, when an amount of data packets arrive, network can send scheduling DCI in PCell to schedule resources on SCells and no PDCCH monitoring is needed on SCells. 
The Pros and Cons for cross-carrier scheduling from PCell are listed as follows:
	Cross-carrier scheduling from PCell

	Pros
	Cons

	+ It can avoid UE power consumption on PDCCH monitoring on SCells
+ No impact on existing spec
	- This approach is restricted to require only cross-carrier scheduling is configured for SCells, which is not flexible.
- Increase the PCell overload for SCells scheduling due to no PDCCH configuration on SCells



Observation1: Cross-carrier scheduling from PCell can avoid UE power consumption on PDCCH monitoring on SCells without impact on existing spec, but the flexibility of CA configuration is reduced and the PCell overload is increased.-
Explicit indicator from PCell on PDCCH monitoring on SCells
One solution is that UE can monitor PDCCH only on PCell at the beginning of each C-DRX cycle even if there are activated SCells. When a scheduling DCI is detected, that means the traffic arrives in the corresponding C-DRX cycle, the UE can monitor PDCCH for PCell and SCells for high data rate or throughput.
Because UE starts to monitor PDCCH on SCell only when the data is scheduled on PCell, it can reduce some unnecessary UE power consumption on PDCCH monitoringon SCell. However, if the traffic load is low for the UE, it is possible that only PCell is scheduled to server the UE, in this case, PDCCH monitoring on the un-used SCells still brings significant UE power consumption. 
Moreover, according to the agreements, power saving signal can be used to trigger PDCCH monitoring, it is applicable in SCell case as well. The UE can determine whether to perform PDCCH monitoring on the SCell by the indication of power saving signal. The power saving signal of the SCell can be configured on PCell or on the corresponding SCell, which can avoid unnecessary PDCCH monitoring on SCells. However, it is a tradeoff between resources overhead for power saving signal and UE power consumption.
To further reduce unnecessary power consumption on PDCCH monitoring on SCells, a new DCI-based indicator monitoring mechanism can be considered. The scheduling DCI transmitted on PCell can explicitly indicate whether or not the UE should monitor PDCCH on the corresponding activated SCell with PDCCH configuration. UE behavior on an activated SCell needs to be changed for this approach, only CSI measurement and reporting is necessary after the SCell is activated by NW. A UE starts to monitor PDCCH according to configured search space on the corresponding activated SCell only when the UE receives the scheduling DCI with the indicator to monitor PDCCH. 


Figure3 SCell configuration
For example, NW configures 3 SCells for UE, SCell2 is scheduled by SCell1. SCell1 and SCell3 have been activated through MAC CE approach. In a given time t1, NW can inform UE that SCell1will be scheduled, the UE should monitor PDCCH based on configured search space on SCell1 from time t1. In the given time t2, NW can inform UE that SCell1 and SCell3 will simultaneously serve the UE to improve throughput, the UE should monitor PDCCH on SCell1 and SCell3 from time t2. The NW can also inform UE to stop monitoring PDCCH when there is no data scheduling on SCell1 and SCell3 in time t3.


Figure4 PDCCH monitoring on SCell
NW can dynamically inform UE whether or not to monitor PDCCH on SCells, which can reduce unnecessary UE power consumption on SCells and make it more efficiently to adapt to traffic load variations. In addition, it can offload the overload of PCell with PDCCH configuration on SCell andthe reliability of the scheduling DCI is guaranteed from PCell with PDSCH feedback or PUSCH transmission.        
	Explicit indicator from PCell on PDCCH monitoring on SCells 

	Pros
	Cons

	+ Explicit indicator to PDCCH monitoring on SCells can reduce unnecessary UE power consumption on activated SCells
+ NW can dynamically inform UE whether or not monitoring PDCCH, which makes it more efficiently to adapt to traffic load variations
	- Require much work in new DCI design.
- Impact on UE behavior on activated SCell, no PDCCH monitoring is required before receiving DCI indicator


Observation2: Explicit indicator to PDCCH monitoring on SCell can avoid unnecessary UE power consumption on PDCCH monitoring on activated SCells, much work in new DCI design is required and UE behavior on activated SCell needs to be redefined.
Quick SCell activation/deactivation
Considering the MAC CE based SCell activation delay is very long, fast SCell activation/deactivation based on L1 signalling was proposed in last meeting. 


Figure 5 PDCCH monitoring for L1 signaling based fast SCell activation/deactivation
Theoretically, L1 signaling activation delay is shorter than MAC CE signaling activation delay. However, it also requires some time for processing the command and if this approach is adopted, new DCI format similar as non-scheduling DCI can be needed. Due to no feedback loop back to NW for this approach, e.g. HARQ ACK, eNB cannot know whether the signaling was received successfully which impacts the reliability of L1 signaling. Some resolutions need to be considered. 
Moreover, after one or more SCells are activated, UE will perform CSI measurement and reporting with PDCCH monitoring for the SCell before NW schedules a SCell, so there is still some unnecessary UE power consumption on SCell PDCCH monitoring before NW receives CQI reporting. So, it may not be effective. 
	L1 signaling based fast SCell activation/deactivation

	Pros
	Cons

	+ SCell activation delay and UE power consumption on PDCCH monitoring in SCell are reduced
	- New DCI format for SCell activation/deactivation is needed.
- Impact the reliability of L1 signaling
- Still have some unnecessary UE power consumption on SCell PDCCH monitoring before NW receives CQI reporting



Observation3: L1 signaling based fast SCell activation/deactivation still causes some unnecessary UE power consumption on SCell PDCCH monitoring before NW receives CSI reporting, and has the problem on the reliability of L1 signaling without feedback.
CSI/RRM measurements at non-active SCell 
During SCell deactivated to activated transition interval, UE spends time on 
1) Configuring SCell RF components (which depends on UE RF Frontend Implementation) - 
2) For initial CSI measurement and CQI reporting. 
After SCell activation, eNB requires CQI feedback from UE before starting SCell scheduling. Initial CQI reporting for eNB initiating SCell scheduling is one key bottleneck of SCell activation delay. So the new SCell dormancy state was introduced in LTE, this state allows the CSI measurement and report without PDCCH monitoring on SCell, which reduces latency for quick scheduling of SCell through initial CQI estimation and report in advance and reduces the unnecessary power consumption on PDCCH monitoring on SCell.


Figure 6 PDCCH monitoring in SCell dormancy state
The Pros and Cons for introducing SCell dormancy state are listed as follows:
	SCell dormancy state

	Pros
	Cons

	+ SCell activation could be faster and NW schedules SCells earlier.
+ Potentially higher UE power consumption in domancy state than that in deactivated state and lower UE power consumption than in activated state
	- Require much work in fast state transitions between active state/deactivate state and the new state, MAC CE based or L1 signaling based
- MAC CE based SCell activation delay is long.
- L1 signaling based has reliable problem without feedback.



Observation4: SCell dormancy state enables fast SCell transition to PDCCH monitoring state and reduces UE power consumption on PDCCH monitoring on SCells. Fast state transitions between active state/deactivate state and the new state needs to be considered.
Based on the above discussion, it is necessary to study these methods to reduce power consumption in CA.
Proposal 2: It is necessary to study these methods to reduce power consumption in CA. 

Conclusion
We have the following proposals:
Proposal 1: Time domain resource of power saving signal can be activated periodically to reduce UE power consumption.
Observation1: Cross-carrier scheduling from PCell can avoid UE power consumption on PDCCH monitoring on SCells without impact on existing spec, but the flexibility of CA configuration is reduced and the PCell overload is increased.
Observation2: Explicit indicator to PDCCH monitoring on SCell can avoid unnecessary UE power consumption on PDCCH monitoring on activated SCells, much work in new DCI design is required and UE behavior on activated SCell needs to be redefined.
Observation3: L1 signaling based fast SCell activation/deactivation still causes some unnecessary UE power consumption on SCell PDCCH monitoring before NW receives CSI reporting, and has the problem on the reliability of L1 signaling without feedback.
Observation4: SCell dormancy state enables fast SCell transition to PDCCH monitoring state and reduces UE power consumption on PDCCH monitoring on SCells. Fast state transitions between active state/deactivate state and the new state needs to be considered.
Proposal 2: It is necessary to study these methods to reduce power in CA. 
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