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Abstract of the contribution: This contribution proposes a scope for Rel-16 WI on UE Power Saving for NR.

1 Overview
In RAN #83 meeting, UE power saving WI was approved for Rel-16 [1]. With RAN2 work pending (i.e. study ongoing) it was then agreed to further update the scope of the WI in RAN #84 meeting:
	The objectives are subject to further update in RAN#84.  The update will be based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study.


To guarantee successful feature completion, the WI update should consider the following:
-
Limited TU budget: Up to 1 TU per meeting per WG as planned in [1]
-
RAN2 SI results, as captured in R2-1908509 [2]
-
RAN1 progress [3]

 REF _Ref9867622 \n  \* MERGEFORMAT [4] and remaining recommendations in TS 38.840 [5]
In this contribution, we discuss the above considerations and suggest an update to the WI accordingly.
2 Discussion
2.1 TU Budget

For the 2H 2019, up to 1 TU is planned per meeting per WG to accomplish the core part of NR UE power saving for Rel-16 [1]. The WI scope should be carefully refined, such that items with the following properties be prioritized:
- 
Degree of consensus: Item(s) with either consensus or high level thereof; and 

-
Power saving benefit: Item(s) that demonstrate solid power saving gain for a wide range of applications; and 

-
Specification impact: Item(s) with power saving benefit and minimum spec impact.
In addition, under the above conditions, the workload among WGs should preferably be distributed.

The agreed items in RAN #83 follow the above principles:

1.
PDCCH-based power saving signal/channel: High consensus and applicable to various power saving schemes 

2.
Cross-slot scheduling: High consensus, limited specification impact

3.
Switch delay and interrupt time for the adaptation to max. MIMO layer number: Distributed work load to RAN4
Proposal 1: The Rel-16 NR UE power saving WI should focus on consensual solutions that demonstrate solid power saving gain for a wide range of applications, with minimal specification impact, and preferably distributed workload across WGs, in order to ensure successful standardization with limited TUs.

2.2 RAN2 SI Results
Based on [2], the following can be summarized from RAN2 conclusions:
	Power saving schemes
	Recommend?
	WI scope
	Work load

	PDCCH-based power-saving signal/channel 
	Yes
	FFS complete UE behaviors regarding DRX wakeup signaling
	Med

	MIMO layer adaptation
	Yes
	FFS per-BWP MIMO layer configuration 
	Low

	Fast RRC state transition
	Yes
	FFS UE release assistance
	Low

	RRM measurement relaxation
	Yes
	FFS criteria prioritizing 1) UE is not at cell edge and 2) UE is stationary or low mobility
	Med

	Power saving in CA/DC
	Conditional
	Enhancements to Rel-15 DRX procedure can be discussed further in the WI phase, if they do not violate the general principle of single DRX configuration per MAC entity.
	High with per-SCell control

	DCI-based PDCCH monitoring skipping
	Left to the plenary
	The final recommendation on whether to support the DCI-based PDCCH monitoring skipping scheme, and with or without DRX, in the WI is left to the plenary
	RAN1

	Power saving for paging procedure
	Left to the plenary
	The final recommendation on whether to support extending the DRX cycle length to 10.24s in idle and inactive mode in the WI is left to the plenary
	Low

	UE assistance information
	Further evaluate
	FFS mobility history information, power preference indication, UE's preferred information related to C-DRX, BWP and SCell configurations
	High with all topics



Observation 1: From RAN2 SI conclusions, the following are recommended with solid scope for WI: 

	PDCCH-based power-saving signal/channel 
	FFS complete UE behaviors regarding DRX wakeup signaling

	MIMO layer adaptation
	FFS per-BWP MIMO layer configuration 

	Fast RRC state transition
	FFS UE release assistance

	RRM measurement relaxation
	FFS criteria prioritizing 1) UE is not at cell edge and 2) UE is stationary or low mobility




For power saving in CA/DC, reducing SCell PDCCH monitoring and EN-DC power consumption is targeted for WI, subject to the general principle of single DRX configuration per MAC entity [2]. For a CC group of a common MAC entity, common UE DRX behavior across the CCs is expected. To reduce SCell PDCCH monitoring power consumption, a common wakeup signaling outside Active Time that can cancel PDCCH monitoring for all activated CCs when there is no data is clearly beneficial. However, the need for additional flexibility to separate wake-up for each SCell is not clear. For a service with small data amount, deactivating unnecessary SCell(s) and applying a common wakeup signal can already optimize the power consumption for data transmissions.

Observation 2: For power saving in CA/DC, the need for additional flexibility to separate wake-up for each SCell is not clear. For a service with small data amount, deactivating unnecessary SCell(s) and applying a common wakeup signlaing can already optimize the power consumption for data transmissions.


During DRX Active Time, it is beneficial to reduce PDCCH monitoring in PCell and SCell(s) when there is no data activity. The current DRX framework can achieve such power saving by MAC-CE go-to-sleep with a short cycle DRX. If onDurationTimer for short cycle can be optimized separately, the power saving benefit can be maximized. Such enhancement can also achieve the targets of both power saving in CA/DC and DCI-based PDCCH monitoring skipping.

Observation 3: During DRX Active Time, enhancement to short cycle DRX can achieve the targets of both power saving in CA/DC and DCI-based PDCCH monitoring skipping, without adding an extra L1 mechanism.

To reduce EN-DC power consumption, being able to align the UE wake-up timing for LTE and NR is most important. While the effort of network-based coordination across eNodeB(s) and gNodeB(s) is substantial, UE assistance can relieve the burden by suggesting a DRX setting for NR that helps to align UE wake-up timing to LTE. To further exploit UE knowledge for optimizing the power consumption of user applications, UE assistance information of preference related to C-DRX, BWP and SCell configurations can be required.

Observation 4: UE assistance information of preference related to C-DRX, BWP and SCell configurations can be utilized by the network to align UE NR C-DRX timing to LTE in EN-DC and to optimize the power consumption of user applications.

To consolidate the RAN2-led items, the following proposals are suggested due to their clear power saving benefit and limited specification impact.
Proposal 2: RAN2 to enhance short cycle DRX for power saving in PCell and SCell(s) during DRX Active Time

Proposal 3: Extending the DRX cycle length up to 10.24s is supported in Rel-16

Proposal 4: Per-BWP configuration for maximum number of MIMO layers is supported for Rel-16
With these proposals, the items for RAN2 and RAN4 can be set as specific as below, which ensures the feature completion under the limited TU budget.
Proposal 5: For WI scope update of UE power saving in NR, include the following RAN2 led items:

· Specify DRX enhancement for UE power saving [RAN2]
a)  Specify wakeup signaling impact to DRX 

b)  Specify enhancement to DRX short cycle

· Specify the relaxation and adaptation of RRM measurement period [RAN2, RAN4]

a) Specify the criteria and methods for relaxed neighbor-cell monitoring [RAN2]

b) Specify extended measurement period(s) [RAN4]

· Specify UE assistance information for power saving [RAN2]

a) UE preference of transitioning out of RRC_CONNECTED state

b) UE preference related to C-DRX, BWP and SCell configurations

Proposal 6: Revise the RAN4 led item agreed in RAN#83 as follows:

1) EvaluateSpecify the required switching and interruption times for UE dynamicBWP-based adaptation to the maximum number of MIMO layers [RAN4]
2.3 Update of RAN1 Items 
In RAN1, specification of Rel-16 cross-slot scheduling is essentially done [3]

 REF _Ref9867622 \n [4]. The application delay for the L1-based adaptation and the interaction with other power-saving adaptations, e.g., BWP switching are pending. For PDCCH-based power saving signal/channel, the framework is agreed, where new DCI and new RNTI are introduced outside DRX Active Time and enhancement to existing scheduling DCI is targeted during DRX Active Time [4]. The power saving schemes to complete the designs in DCI content(s) and the related procedure(s) are pending.
Observation 5: For UE power saving WI, the RAN1 led item agreed in RAN#83 for RAN1 is essentially completed, awaiting further confirmation on the power saving schemes to be triggered.


With the below agreement in RAN1 #97 [4], one can consolidate the power saving schemes to be indicated by the PDCCH-based power-saving signal/channel:
	Agreements:

Outside Active Time, the PDCCH-based power saving signal/channel is configured for triggering UE to or not to monitor the subsequent ON duration(s) 

· FFS a single vs. multiple durations, particularly checking consistency with RAN2 agreements

Further study in the new DCI how to potentially indicate at least the following techniques (subject to further WID update):

· Indicating UE to use the aperiodic RS

· Aperiodic CSI-RS 

· Aperiodic SRS

· TRS

· Triggering aperiodic CSI report

· Cross-slot scheduling

· Rel-15 DCI-based BWP switching

The power saving techniques can be explicitly included in the DCI contents or implicitly indicated by other techniques (e.g., BWP switching).



Consequently, the following proposal is suggested for updating the RAN1 led item:
Proposal 7: For WI scope update of UE power saving in NR, revise the RAN1 led item as follows:

1) Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 

a. Specify the power saving techniques with power saving signal/channel [RAN1]
i. Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED

ii. Specify DCI content(s) for UE adaptation with respect to DRX wakeup signaling, BWP operation, cross-slot scheduling, and for triggering DL/UL RS and CSI reporting via PDCCH-based power saving signal/channel

b. Specify the procedure of cross-slot schedulingthe power saving techniques triggered by power saving signal/channel [RAN1]
i. Note: The procedure(s) is in addition to Rel-15 cross-slot scheduling procedure(s)
c. Specify the performance requirement on PDCCH-based power-saving signal/channel [RAN4]

 
Note that RAN4 performance requirement can start in next year, thus not consuming any TU from the core part.
3 Summary
In this contribution, we discuss the update of UE power saving WI scope, aiming successful feature completion under limited TU budget (up to 1 TU per meeting per WG). In particular we have:
Proposal 1: The Rel-16 NR UE power saving WI should focus on consensual solutions that demonstrate solid power saving gain for a wide range of applications, with minimal specification impact, and preferably distributed workload across WGs, in order to ensure successful standardization with limited TUs.

Observation 1: From RAN2 SI conclusions, the following are recommended with solid scope for WI:
	PDCCH-based power-saving signal/channel 
	FFS complete UE behaviors regarding DRX wakeup signaling

	MIMO layer adaptation
	FFS per-BWP MIMO layer configuration 

	Fast RRC state transition
	FFS UE release assistance

	RRM measurement relaxation
	FFS criteria prioritizing 1) UE is not at cell edge and 2) UE is stationary or low mobility


Observation 2: For power saving in CA/DC, the need for additional flexibility to separate wake-up for each SCell is not clear. For a service with small data amount, deactivating unnecessary SCell(s) and applying a common wakeup signlaing can already optimize the power consumption for data transmissions.

Observation 3: During DRX Active Time, enhancement to short cycle DRX can achieve the targets of both power saving in CA/DC and DCI-based PDCCH monitoring skipping, without adding an extra L1 mechanism.

Observation 4: UE assistance information of preference related to C-DRX, BWP and SCell configurations can be utilized by the network to align UE NR C-DRX timing to LTE in EN-DC and to optimize the power consumption of user applications.

Proposal 2: RAN2 to enhance short cycle DRX for power saving in PCell and SCell(s) during DRX Active Time

Proposal 3: Extending the DRX cycle length up to 10.24s is supported in Rel-16

Proposal 4: Per-BWP configuration for maximum number of MIMO layers is supported for Rel-16

Observation 5: For UE power saving WI, the RAN1 led item agreed in RAN#83 for RAN1 is essentially completed, awaiting further confirmation on the power saving schemes to be triggered.
Finally, combining Proposals 5, 6 and 7 the suggested WI scope update is summarized as follows:

1) Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 

a. Specify the power saving techniques with power saving signal/channel [RAN1]
i. Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED

ii. Specify DCI content(s) for UE adaptation with respect to DRX wakeup signaling, BWP operation, cross-slot scheduling, and for triggering DL/UL RS and CSI reporting via PDCCH-based power saving signal/channel

b. Specify the procedure of cross-slot schedulingthe power saving techniques triggered by power saving signal/channel [RAN1]

i. Note: The procedure(s) is in addition to Rel-15 cross-slot scheduling procedure(s)
d. Specify the performance requirement on PDCCH-based power-saving signal/channel [RAN4]

2) EvaluateSpecify the required switching and interruption times for UE dynamicBWP-based adaptation to the maximum number of MIMO layers [RAN4]
3) Specify DRX enhancement for UE power saving [RAN2]
a.  Specify wakeup signaling impact to DRX 

b.  Specify enhancement for DRX short cycle

4) Specify the relaxation and adaptation of RRM measurement period [RAN2, RAN4]

a. Specify the criteria and methods for relaxed neighbor-cell monitoring [RAN2]

b. Specify extended measurement period(s) [RAN4]

5) Specify UE assistance information for power saving [RAN2]

a. UE preference of transitioning out of RRC_CONNECTED state

b. UE preference related to C-DRX, BWP and SCell configurations
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