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Discussion and Decision

1 Introduction
RAN2#77 concluded following about the UE assistance information:

Assistant information provided by the UE to the network is considered useful but further discussion is required to decide e.g. which information should be provided. Cases where multiple applications are running on a smartphone should be taken into account. Resulting signalling overhead should be taken into account.

In [1] the performance results for network signalling as well as UE power consumption give guidance what would be the settings for DRX and release timer in order to achieve optimum performance for network (signalling load) and UE (power consumption). The question is whether the network has sufficient information of the terminal usage and data characteristics of data generated by application(s). 
This paper discusses the alternatives for UE assistance information, how to send them to the network and how the information could benefit configurations for power saving at the UE and the network operation in terms of signalling load and radio resource usage.
2 Discussion

2.1 UE assistance information
The main requirement for any additional reporting shall be that it provides new information for the network, the information cannot be measured or estimated by the network, or, that the UE has best and most accurate knowledge about the information.
Proposal 1: The UE assistance reporting shall be limited to information that is either new or cannot be measured/estimated by the network, or the UE has best or most accurate knowledge about.

Table 1 lists candidates for information and that UE could report in order to achieve optimized power saving and what the network can utilize while optimizing the network performance, i.e. signalling load and usage of radio resources. The assumption is that the connection control and the configurations are kept under the network control. The UE reported information would help in making the right decisions for configurations and connection control.
Table 1: Alternatives for UE assistance information

	#
	UE assistance information
	Purpose
	Details
	Advantages / Disadvantages

	1
	UE activity
	To help to set RRC release time, DRX configuration, PUCCH and other UE specific configuration affecting power saving and performance
	UE provides information whether the traffic is or is not from an unattended phone with applications not in “active” phase.

Activity status is determined based on user activity (device unattended or not), UE knowledge of running applications and their requirements (e.g., background/low latency). 
	+ enables UE specific power vs. performance optimization
+ Enables NW optimization by de-prioritizing UE e.g. by releasing RRC connection or PUCCH resources. 
+ NW is aware if packet delay is important factor to make decisions for UE specific configuration

	2
	Inter Arrival Time of traffic data
	To help set RRC release timer and DRX cycle.
	UE can report IAT associated with the UE activity to eNB. Determination of IAT could be left up to UE implementations.
	+ Enables optimized NW signalling load optimization and UE power saving.

- Attended device IAT is difficult to provide, because IAT depends on the actions of the user and the nature of active application.

	3
	UE mobility
	To help set RRC release timer and DRX cycle
	UE reports idle mode mobility state information to eNB
	+ NW would be aware of  UE mobility state information from idle mode.
-+ Idle mode MSE is maybe not directly comparable with connected mode (needs study)

- mobility in idle is very different from connected mode

 

	4
	DRX configuration
	To suggest proper DRX configuration from eNB 
	UE indicates its preferred/suggested DRX parameters to eNB
	+ enables optimized UE power saving
- UE and eNB can have different optimization targets

	5
	UE Power saving profile
	To help to set RRC release time, DRX, PUCCH and other UE specific configuration affecting power saving and performance
	UE indicates its preference on power saving vs. performance trade off. Based on UE knowledge of running applications and their requirements, OS preferences, battery status etc.
	+ enables accurate UE-specific power vs. performance optimization (e.g. power saving that affects performance is used only when necessary)

+ enables joint NW and UE optimization based on real UE specific needs

+ no need to signal multiple pieces of information separately, therefore less signaling overhead




From the UE and especially end user point of view, it is obvious that the power saving shall be prioritized when the terminal is not in active use. It can be assumed that average user’s device is unattended most of the time. Smart phones, however, will generate traffic also during that time. Hence, it would be good for the network to know when the power saving shall be the priority. When the user starts actively use the terminal, the performance, i.e. QoS and QoE, shall be the primary target and power saving has less importance. There will be other than radio parts using power, display, application processor, etc., which may contribute most to the overall power consumption.
The UE assistance indicating ‘UE activity’ (case #1) would be beneficial for the network control in order to be able to distinguish the terminal usage scenarios and to determine what should be optimization target. This cannot be measured or estimated e.g. from the generated traffic as it may ‘look’ basically the same in case the traffic is only background traffic or in case the user is actively using certain application(s). Hence, this information fulfils the requirement of Proposal 1. The UE activity status could indicate UE’s preference for power saving or performance. Hence, the UE activity status can be interpreted as the UE request for specific optimization (e.g. minimized power consumption or maximized performance). It can also be interpreted as request for connection release if that is considered by the network to be the best approach for power saving, and, that the connection release would be optimal from the network perspective too. Hence, the activity status indication could be used in similar manner as fast dormancy in UTRAN. The information need not be sent regularly, but only when the state changes, or it can be triggered by a certain event. 
As shown in [10], both DRX and state control can be considered by the network as alternatives for UE power saving. In best case the UE power consumption can be essentially the same as in idle with longer DRX cycles. Naturally the network may take the other optimization targets into account when selecting between the configuration options.

The inter-arrival time (IAT) of packets or bursts (case #2) has already been discussed. To be the UE reported value, there should be some added value above that what the network can measure or estimate. UE has “visibility” applications and potential functions that manage the traffic over the radio interface. By this also the effects of multiple applications can be taken into account. Therefore, the reported IAT may be based on any UE internal information. The method how the reported IAT is determined shall be left the UE implementation.

It seems also beneficial to associate reported IAT with the activity state which will provide additional information how to use the IAT information, either power saving or prioritizing the performance. When the IAT is reported along with the activity state, implying that the terminal is not actively used and the traffic is generated by applications running in the background, it would be an indication about the UE’s wish to maximize the power saving. The connection control and the DRX configuration would then be done accordingly while taking into account also the need for signalling optimization.
As was seen from the results in [1] the UE mobility is one of the parameters that should be taken into account with smart phone optimization (case #3). The additional information that the UE has would be the idle state mobility, i.e. re-selections. Also the network may lose the UE history information after RLF or HO failure. Hence, the UE has a better view on the actual mobility. This would be especially the case with smart phones which may encounter frequent state changes and HOs would not be able to give a correct estimate about the UE mobility. However, also the UE estimate may not always be reliable either, so further investigations could be done how this may work in live networks. 
In the case #4 UE would suggest optimum parameter values for the DRX configuration. Similar proposal was discussed in [7]. There may, however, be cases where there is a conflict between the UE suggested DRX configuration and what the network would see as optimum for network performance. The issue could be alleviated by network providing a set of alternatives for DRX setting but that would result in additional complexity and standard modifications.

The case #5 has a slightly more general alternative. Here the UE would use the available information of e.g. running applications and their requirements as well as battery status and other such auxiliary information (not available to network) to form one common indication of UE’s preference between power saving vs. performance. UE essentially condenses this information into one power saving profile, which the network can use as an input when configuring RRC release time, DRX, PUCCH and other UE specific configuration affecting power saving and performance.
As summary, we think following information can be considered as eDDA enhancements and could provide new information and assistance for the network to make appropriate configurations in order to save the UE power too:

· UE activity

· IAT, preferably associated with the UE activity status
Activity status and IAT information could be used by NW for example in the following scenarios, but naturally final decision on using the information could be left totally up to network implementations:

· As a request for RRC connection release (similar way like fast dormancy functionality is used in UTRAN).
· As a request to configure longer connected mode DRX cycle

· As a parameter for making the decision whether the RRC connection could be beneficial to release
· As a parameter for making the decision whether PUCCH resource of the UE could be beneficial to release
· As a parameter adjusting the network release timer value

· As a parameter for making the decision whether to release RRC connection instead of performing handover procedure after measurement report (like discussed in [8])

· As a parameter for making the decision of configuring other UE specific configurations e.g. RLC/MAC/physical channel configurations
Proposal 2: RAN2 can discuss if following parameters are worth introducing as UE assistance information for eDDA: UE Activity state, IAT possibly associated with the activity state.
The additional signalling caused by sending the UE assistance information shall be controlled and limited. There could be time based limitations how often the information is sent. The network should be able to control the signalling so that it is able to limit or disable the UE assistance reporting at any time if so wished.
Proposal 3: RAN2 can discuss about the means how to limit and control the signalling caused by reporting of the UE assistance information.
3 Conclusion
Proposal 1: The UE assistance reporting shall be limited to information that is either new or cannot be measured/estimated by the network, or the UE has best or most accurate knowledge about.

Proposal 2: RAN2 can discuss if following parameters are worth introducing as UE assistance information for eDDA: 
· Activity state
· IAT possibly associated with the activity state.

Proposal 3: RAN2 can discuss about the means how to limit and control the signalling caused by reporting of the UE assistance information.
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