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1. Introductions
After RAN1 #98bis, there is an email discussion on Rel-16 RAN1 UE features[1]. In this contribution, we will discuss the other issues and UE features for power saving, and give the suggested revisions for UE features for power saving.
2. Discussions 
2.1. Other issues for Rel-16 UE power saving
In the power saving TR 38.840 [2], the following and the observations from simulation results are given.
	The UE assistance information for any UE power saving scheme is for UE to provide the assistance information to the network in configuration for UE adaptation to achieve power saving gain. UE assistance information reported by UE for power saving is a UE recommendation and the network shall make the final decision on whether and how to use that information.
The UE assistance information for the power saving schemes for further studies are as follows,

·  UE assistance information/feedback to assist network in configurations for UE adaptation

· UE preferred processing timeline parameters, e.g., K0, K1, K2 values

· UE preferred BWP information/configuration

· UE preferred antenna configuration, including MIMO layers, antenna panel awareness information

· UE assistance/feedback on the DRX configurations/parameters

· UE preferred BWP provided to assist network in BWP switching

· UE request on SCell/SCG activation/de-activation/configuration

· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding
Observation:

· Some UE assistance information has been used by the power saving schemes to adapt to the traffic resulting in power saving gain.  Power saving schemes including UE assistance information in the evaluation show power saving gain of 9%-45% for UE adaptation to BWP switching, 4%-80% for UE adaptation to DRX operation, and 5%-43% for SCell operation.   


Some of the above UE assistance information is already agreed in Rel-16. However, the following UE assistance information is not supported in Rel-16. We think they are beneficial for UE power saving and therefore need to be supported.  

· UE preferred PDCCH monitoring parameters, e.g., PDCCH monitoring periodicity

· UE preferred BWP information/configuration

· UE request on SCell/SCG activation/de-activation/configuration
Proposal 1: 
The following UE assistance information need to be supported in Rel-16.

· UE preferred PDCCH monitoring parameters, e.g., PDCCH monitoring periodicity

· UE preferred BWP information/configuration

· UE request on SCell/SCG activation/de-activation/configuration
2.2. RAN1 UE features for power saving
In [1], the draft UE features for power saving are captured as follows.
	Features
	Index
	Feature group
	Components
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Mandatory/Optional

	19.UE Power Saving
	19-1
	DRX Adaptation
	(1) PS_offset for the detection of  DCI format 3 with CRC scrambling by PS-RNTI before DRX ON duration

(2) DCI format 3_0

(3) Indication of UE wakeup or not

(4) Indication of UE dormancy-like behavior


	[Per UE]
	[Mandatory without capability signalling]

	
	19-2
	Cross Slot Scheduling
	(1) Enhancement of DCI format 0_1 and 1_1

1) DCI Indication of minimum scheduling offset
	[Per UE]
	Optional with capability signalling

	
	19-3
	Maximum MIMO Layer Adaptation
	1) Maximum MIMO layer per DL BWP
	[Per UE]
	Optional with capability signalling

	
	19-4
	UE assistance information
	(1) Preferred c-DRX configuration

(2) Preferred aggregated bandwidth

(3) Preferred SCell configuration

(4) Preferred MIMO configuration

2) Release Request
	[Per UE]
	Optional with capability signalling

	
	19-5
	RRM measurement relaxation
	1) Relaxation of intra and inter-frequency RRM measurements of neighboring cells in RRC_IDLE/Inactive
	[Per UE]
	Optional with capability signalling


Feature 19-1:  DRX Adaptation

(1) PS_offset for the detection of  DCI format 3 with CRC scrambling by PS-RNTI before DRX ON duration

(2) DCI format 3_0

(3) Indication of UE wakeup or not

(4) Indication of UE dormancy-like behaviour 
Feature 19-1 should be optional with capability signaling, but not mandatory without capability signaling. Because all Rel-16 features should be optional. 
Components 4, i.e., Indication of UE dormancy-like behaviour depends on whether CA is configured or not. That is, DRX Adaptation with the first three components can be configured with or without CA. DRX Adaptation with all the four components can be configured only for CA. So Components 4 should be separated in another row indicating a new feature. The new added UE feature can be in either power saving WI or in MR-DC WI.
Proposal 2: Regarding Feature 19-1, 
· It should be optional with capability signaling, not mandatory without capability signaling.

· Components 4 (Indication of UE dormancy-like behaviour) should be separated in another feature. 
	19-1
	DRX Adaptation without Indication of UE dormancy-like behavior
	(1) PS_offset for the detection of  DCI format 3 with CRC scrambling by PS-RNTI before DRX ON duration

(2) DCI format 3_0

(3) Indication of UE wakeup or not

	19-1a
	DRX Adaptation with Indication of UE dormancy-like behaviour by WUS
	(1) PS_offset for the detection of  DCI format 3 with CRC scrambling by PS-RNTI before DRX ON duration

(2) DCI format 3_0

(3) Indication of UE wakeup or not

(4) Indication of UE dormancy-like behavior


Feature 19-2:  Cross Slot Scheduling

Cross Slot Scheduling is already supported in Rel-15. We need to differentiate Rel-15 Cross Slot Scheduling and R-16 Cross Slot Scheduling. So “Cross Slot scheduling enhancements” is suggested for Rel-16.
It is agreed that:

	For an activated BWP without the 1-bit indication received in DCI for adapting the minimum applicable value of K0 (K2) for the BWP when there are one or two RRC configured values for the BWP, e.g., due to BWP switching triggered by BWP timer expiration, etc., the value applied for the BWP before the 1-bit indication is received within the BWP is determined by
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured

FFS Value zero is a valid configuration for the minimum applicable K0/K2 value for the case when two RRC values are configured for the BWP


 So a new component (Fallback to default minimum scheduling offset for an activated BWP without the 1-bit indication received in DCI) is proposed to be added for Feature 19-2. 
Proposal 3: Update Feature 19-2 as follows:
	19-2
	Cross Slot Scheduling enhancements
	1) 1-bit Indication of minimum scheduling offset for DCI format 0_1 and 1_1

2) Fallback to default minimum scheduling offset for an activated BWP without the 1-bit indication received in DCI


Feature 19-3:  Maximum MIMO Layer Adaptation

For this feature, we suggest to add a new component: Dynamical switching maximum MIMO layer by DCI.

Proposal 4: Update Feature 19-3 as follows 
	19-3
	Maximum MIMO Layer Adaptation
	1) Maximum MIMO layer per DL BWP and dynamic switch of BWP with different maximum MIMO layers


Feature 19-4:
Feature 19-4 UE assistance information is a RAN2 issue.  (5) Release Request need to be separated from other components of Feature 19-4. Feature 19-4 need to be discussed in RAN2.
	19-4
	UE assistance information
	(1) Preferred c-DRX configuration

(2) Preferred aggregated bandwidth

(3) Preferred SCell configuration

(4) Preferred MIMO configuration

(5) Release Request


Proposal 5: Discuss Feature 19-4 in RAN2.
3. Conclusion

In this contribution, we discuss the other issues and UE features for power saving, and give the following proposals:
Regarding other issues for UE power saving,

Proposal 1: 
The following UE assistance information need to be supported in Rel-16.

· UE preferred PDCCH monitoring parameters, e.g., PDCCH monitoring periodicity

· UE preferred BWP information/configuration

· UE request on SCell/SCG activation/de-activation/configuration
Regarding UE features for UE power saving,

Proposal 2: Regarding Feature 19-1, 
· It should be optional with capability signaling, not mandatory without capability signaling.

· Components 4 (Indication of UE dormancy-like behaviour) should be separated in another feature. 
	19-1
	DRX Adaptation without Indication of UE dormancy-like behavior
	(1) PS_offset for the detection of  DCI format 3 with CRC scrambling by PS-RNTI before DRX ON duration

(2) DCI format 3_0

(3) Indication of UE wakeup or not

	19-1a
	DRX Adaptation with Indication of UE dormancy-like behaviour by WUS
	(1) PS_offset for the detection of  DCI format 3 with CRC scrambling by PS-RNTI before DRX ON duration

(2) DCI format 3_0

(3) Indication of UE wakeup or not

(4) Indication of UE dormancy-like behavior


Proposal 3: Update Feature 19-2 as follows:
	19-2
	Cross Slot Scheduling enhancements
	1) 1-bit Indication of minimum scheduling offset for DCI format 0_1 and 1_1

2) Fallback to default minimum scheduling offset for an activated BWP without the 1-bit indication received in DCI


Proposal 4: Update Feature 19-3 as follows 

	19-3
	Maximum MIMO Layer Adaptation
	1) Maximum MIMO layer per DL BWP and dynamic switch of BWP with different Maximum MIMO layers


Proposal 5: Discuss Feature 19-4 in RAN2.
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