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1. Introductions
In RAN #84, an update WID on NR UE power saving was approved [1] with the following objectives for UE assistance information:
	1) Specify, if agreed, the mechanism to provide UE assistance information [RAN2, RAN1]:

· Study and select among the following UE assistance information for RAN2 by RAN#85:

power preferred information (baseline LTE PPI in a well-defined manner) and UE's preference on C-DRX, BWP and SCell configuration [RAN2].

NOTE: additional UE assistance information for RAN1-specific power saving techniques to indicate what setting of parameters related to this Work Item will lead to power savings for the UE can be included if agreed in RAN1.  


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.   


In RAN2#107 meeting, UE assistance information for power saving have been discussed and agreed:

Agreements:

-
UE assistance reporting follows Rel-15 UE assistance information procedure as a baseline.  The network can configure the UE to be able to report C-DRX UE assistance.  The UE reports only the configured UE assistance information that triggered the report. 

-
C-DRX configuration will be provided in UE assistance.   Include the following DRX configuration parameters in UE assistance: long DRX cycle, short DRX cycle, DRX inactivity timer, short DRX cycle timer. FFS DRX on duration and DRX start offset 

-
BWP and SCells UE assistance there is not enough consensus.  

-
LTE PPI is excluded from UE assistance 
In this contribution, we will discuss the content and signaling aspects for UE assistance information for the power saving schemes.
2. Discussion on UE assistance information for power saving
2.1. Content for UE assistance information
The following UE assistance information is discussed and captured in TR [2].

Reporting UE preferred processing timeline parameters, e.g., minimum K0/K2 values is beneficial for cross-slot scheduling power saving. For example, for some non-delay sensitive traffic, UE can report larger minimum K0/K2 values to enable cross-slot scheduling to save power and at the same time fulfill service requirements. 
In Rel-15, reducedMaxMIMO-Layers for FR1 and FR2 are introduced for overheating. It indicates the UE's preference on reduced configuration corresponding to the maximum number of uplink or downlink MIMO layers of each serving cell operating to address overheating. In Rel-16, UE report of reduced MIMO layer based on overheating framework can be further extended to apply to more use cases. For example, in low battery case, or for UE with high SINR and low data rate services, the UE can also report its preferred maximum MIMO layers to gNB to save power. gNB will decide the final configuration of maximum MIMO layers to this UE.
In early NR deployment, the typical PDCCH monitoring periodicity by search space configuration is one slot. That means UE need to monitor PDCCH in every DL slot. It is obvious that huge power consumption is wasted because most eMBB services does not need per slot PDCCH monitoring. Therefore it is beneficial for UE to report to gNB its preferred PDCCH monitoring parameters including PDCCH monitoring periodicity, according to UE battery status and traffic characteristic.
Proposal 1: The following UE assistance information should be supported: 
· UE preferred minimum K0 and K2 values
· UE preferred maximum MIMO layers
· UE preferred PDCCH monitoring parameters, e.g., PDCCH monitoring periodicity

2.2. CDRX UE assistance information
In last RAN2 meeting, it is agreed the CDRX UE assistance information includes the following DRX configuration parameters: long DRX cycle, short DRX cycle, DRX inactivity timer, short DRX cycle timer. FFS DRX on duration and DRX start offset. On duration has a tight relationship with long DRX cycle and short DRX cycle. For example, if UE report a very small long DRX cycle together with a very long on duration, in this case, UE cannot save power with this configuration. It is beneficial to report long DRX cycle and short DRX cycle together with the corresponding On duration to gNB, to achieve more power saving. 

Proposal 2: Support to include On duration in CDRX UE assistance information.

Regarding the detailed signaling of CDRX UE assistance information, the simple way is to report the values for each CDRX parameters, including long DRX cycle, short DRX cycle, DRX inactivity timer, short DRX cycle timer, etc. In TS38.331, for some parameter, there are lots of values. For example, there are 23 different values for drx-InactivityTimer, 24 values for drx-onDurationTimer and 20 values for drx-LongCycle. It cannot be guaranteed that all the UE reported CDRX parameters are reasonable and there is no conflict. In practical network deployments, the used CDRX configurations are limited. For example, the used long CDRX cycles for 4G deployment include 40ms, 160ms, 320ms, etc. There is also restricted values for other CDRX parameters used in 4G. Therefore it is better to also restrict the UE reported CDRX configurations. One example is shown in Table 1 below. gNB can configure several CDRX parameter sets and for each CDRX parameter set, gNB can configure different values for CDRX parameters. The different parameters values in one set align with each other. For example, it never happens that UE report a very small long DRX cycle together with a very long on duration. UE reports to gNB its preferred CDRX parameter set. Furthermore, UE can suggest to gNB the content in the table.

Proposal 3: gNB configures several CDRX parameter sets and for each CDRX parameter set, gNB can configure different values for CDRX parameters. UE reports to gNB its preferred CDRX parameter set.

Table 1. Configuration for UE reported CDRX parameter set (an example)

	CDRX parameter set
	long DRX cycle
	short DRX cycle
	DRX inactivity timer
	…

	0
	40
	NA
	4
	…

	1
	160
	NA
	20
	…

	2
	160
	20
	20
	…

	3
	320
	40
	40
	…

	…
	…
	…
	…
	…


2.3. UE power profile
The assistance information to facilitate UE adaptation can be reported to the network individually for each domain (e.g. time/frequency/antenna, etc). Alternatively, the UE assistance information can be designed such that the parameters for different domains are jointly reported from the UE by a concept of “UE power profile”. In this case the exact parameter associated with each UE power profile can be configured by the network and UE only need to report a preferred UE power profile index. Such design has merits in reduce the signaling overhead as well as avoiding the potential inconsistent assistance information among different parameters.  

Table 2: Example of “UE power profile” based assistance information

	
	CDRX parameter 1
	CDRX parameter 2
	Maximum DL MIMO layers
	Minimum k0/ k2
	…

	UE power profile #1
	
	
	
	
	

	UE power profile #2
	
	
	
	
	

	UE power profile #3
	
	
	
	
	

	UE power profile #4
	
	
	
	
	


Proposal 4: UE assistance information based on “UE power profile” can be beneficial for network to trigger the UE adaptation for power saving. Accordingly, network can configure power saving schemes/parameters by means of “UE power profile”.

3. Conclusion

In this contribution, we discussed the content and signaling aspects for UE assistance information for the power saving schemes and the following observations and proposals are given.
Proposal 1: The following UE assistance information should be supported: 
· UE preferred minimum K0 and K2 values
· UE preferred maximum MIMO layers

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

Proposal 2: Support to include On duration in CDRX UE assistance information.

Proposal 3: gNB configures several CDRX parameter sets and for each CDRX parameter set, gNB can configure different values for CDRX parameters. UE reports to gNB its preferred CDRX parameter set.

Proposal 4: UE assistance information based on “UE power profile” can be beneficial for network to trigger the UE adaptation for power saving. Accordingly, network can configure power saving schemes/parameters by means of “UE power profile”.
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