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1 Introduction
In RAN#84 meeting, the WID for power saving is updated based on the results of RAN2 study, and the following is the objective for the WI [1].
	4) 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 this paper, we will further discuss the UE assistance information and the reporting for UE power saving from RAN2 perspective.
2 Discussion
The following assistance information for UE power saving will be discussed in this contribution:

· PPI in legacy LTE

· C-DRX configuration

· BWP configuration

· SCell configuration

How to report the assistance information is also discussed.
2.1 Assistance information for UE power saving

PPI in legacy LTE

In LTE, powerPrefIndication (PPI) is introduced to indicate the UE prefers a configuration for power saving, the value lowPowerConsumption indicates that is primarily optimised for power saving, otherwise the value is set to normal. However, regarding complex configurations and diverse services in NR, one bit PPI seems not sufficient. More explicit and useful information should be provided to gNB for configuration optimization. We analyse the UE assistance information for C-DRX, BWP and SCell configuration in details below.
Proposal 1: More explicit parameters the UE desires as the assistance information is reported to the network instead of inheriting PPI.
C-DRX configuration

In both LTE and NR, it is up to network to configure the DRX parameters for the UE. Generally the network would decide the DRX parameters based on the QCI/5QI of the services ongoing by itself. This of course can guarantee the service performance for the UE, however, it can’t match the UE’s preference all the time. In deployments, in a cell there could be a large number of UEs with different application types and different traffic characteristics. It would be difficult or complex for gNB to acquire service characteristics and decide which set of C-DRX parameters is optimized for each connected mode UE without UE’s help. Therefore in reality the parameters for C-DRX configured by gNB may not be optimized per UE basis. If gNB acquires the assistance information on C-DRX configuration from the UE, it would be helpful for gNB to adjust the configuration per UE basis.
UE can report its desired values of DRX parameters to gNB, such as the DRX cycle, the length of On Duration, the length of Inactivity Timer, etc. In LTE, for one of the TMD solution in IDC, DRX related assistance information can be reported by UE including drx-CycleLength, drx-Offset and drx-ActiveTime. In addition, for delay budget reporting, UE can indicate the preferred amount of increment/decrement to the connected mode DRX cycle length with respect to the current configuration. Similar parameters can be used for power saving, e.g. the preferred DRX parameters or preferred increment/decrement with respect to current DRX parameters.
Observation 1: It would be helpful for gNB to acquire the UE desired parameters on C-DRX configuration (e.g. the length of DRX cycle, and/or the length of On Duration, and/or the length of Inactivity Timer).
BWP configuration

The large BW implies a higher UE power consumption for both the RF and baseband parts. Similar to CA, although the gNB can always know the BWP configuration of the UE, and the gNB is able to indicate the UE to work on a BWP that matches the UE traffic, the gNB cannot know whether UE needs to save power (e.g. the gNB doesn’t know the UE battery level), also the gNB cannot know the implementation of the UE RF frontend. 

The RF component of the UE usually has several levels of working bandwidth, which may be for example 10MHz, 20MHz, and 50MHz. When the UE is configured with a BWP whose bandwidth is larger than 10MHz, smaller than or equal to 20MHz, the power consumption of RF component may be the same since in all the cases the working bandwidth of the RF component keeps unchanged. If the UE is working on a BWP of 20MHz and just indicates that it needs to save power and reduce the bandwidth, the network may adjust the UE active BWP with a bandwidth of 15MHz, although the bandwidth is scaled down, the power consumption decrease is not significant from the UE perspective. In this case, the UE can report its desired bandwidth of the active BWP is 10MHz to the network, which means that if the network cannot configure a bandwidth that is equal to or smaller than 10MHz, then the network does not need to change the bandwidth at all.
Therefore, it is desirable that the UE reports its desired BWP index (i.e. the one out of the configured BWPs) and/or BWP configuration (i.e. the bandwidth of the active BWP) in UE assistance information.
Observation 2: It would be helpful for gNB to acquire the UE desired parameters on BWP configuration (e.g. the BWP index, and/or the BWP configuration).
SCell configuration
In CA scenario, the operations of activation/deactivation of SCells are done by the gNB in some sense independently of the UE power status, UE characteristics or UE implementation. The power consumption increases if more number of SCells is configured or larger aggregated bandwidth is configured. In order to save power, UE can report desired number of SCells and desired aggregated bandwidth, so that gNB can implement the appropriate activation/deactivation of carriers. In overheating, it is agreed that UE can report the number of maximum SCells and the maximum aggregated bandwidth the UE prefers to be configured when the UE experiences internal overheating. Such indications can be reported for the purpose of power saving.

Observation 3: It would be helpful for gNB to acquire the UE desired parameters on SCell configuration (e.g. the number of SCells, and/or the aggregated bandwidth).
In summary, one bit PPI couldn't provide enough information for the network to decide what configuration the UE really want to adjust and thus it is unrealistic for the UE to get response from the network. Even if the PPI can be extended to two or more bits, the information is still limited. So instead of inheriting PPI in NR for UE power saving, we prefer to let the UE to report more explicit configurations it is desired as the assistance information to the network.
Proposal 2: The UE assistance information includes UE preference on C-DRX, BWP and SCell configuration, the following parameters are considered:
· For C-DRX configuration, UE desired lengths of DRX cycle, and/or the length of On Duration, and/or the length of Inactivity Timer
· For BWP configuration, UE desired BWP index and/or the BWP configuration

· For SCell configuration, UE desired number of SCells, and/or the aggregated bandwidth
2.2 Assistance information reporting

powerPrefIndication in LTE is reported in UE assistance information message. Delay budget report and overheating assistance information in NR have been agreed to be included in the UEAssistanceInformation message also. Similarly, the UEAssistanceInformation message can be used to report assistance information for power saving as well.

[image: image1.emf]UE Network

RRC reconfiguration

UEAssistanceInformation 


Figure 1 Reporting in UE Assistance Information

Proposal 3: The UE assistance information on C-DRX configuration, BWP configuration or SCell configuration can be reported in UEAssistanceInformation message.

The UE assistance information in proposal 2 can be 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 reducing the signaling overhead as well as avoiding the potential inconsistent assistant information among different parameters. 
Table 1: Example of “power profile” based assistance information

	
	C-DRX parameter 1 (e.g. DRX cycle)
	C-DRX parameter 2 (e.g. inactiveTimer)
	Maximum of DL MIMO layers
	Maximum of UL MIMO layers
	…

	UE power profile #1
	
	
	
	
	

	UE power profile #2
	
	
	
	
	

	UE power profile #3
	
	
	
	
	

	UE power profile #4
	
	
	
	
	


Proposal 4: The power saving parameters in proposal 2 is configured by the network by means of UE “power profile” and the UE only reports a “power profile index” in UE assistance information.
3 Conclusion

In this paper we discuss UE assistance information for power saving, and have the following observations and proposals:
Observation 1: It would be helpful for gNB to acquire the UE desired parameters on C-DRX configuration (e.g. the length of DRX cycle, and/or the length of On Duration, and/or the length of Inactivity Timer).
Observation 2: It would be helpful for gNB to acquire the UE desired parameters on BWP configuration (e.g. the BWP index, and/or the BWP configuration).
Observation 3: It would be helpful for gNB to acquire the UE desired parameters on SCell configuration (e.g. the number of SCells, and/or the aggregated bandwidth).
Proposal 1: More explicit parameters the UE desires as the assistance information is reported to the network instead of inheriting PPI.

Proposal 2: The UE assistance information includes UE preference on C-DRX, BWP and SCell configuration, the following parameters are considered:

· For C-DRX configuration, UE desired lengths of DRX cycle, and/or the length of On Duration, and/or the length of Inactivity Timer
· For BWP configuration, UE desired BWP index and/or the BWP configuration

· For SCell configuration, UE desired number of SCells, and/or the aggregated bandwidth
Proposal 3: The UE assistance information on C-DRX configuration, BWP configuration or SCell configuration can be reported in UEAssistanceInformation message.

Proposal 4: The power saving parameters in proposal 2 is configured by the network by means of UE “power profile” and the UE only reports a “power profile index” in UE assistance information.
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