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1. Introduction
In RAN2#77 several contributions were submitted for background traffic. Based on [1] after discussions following agreements were made [2]:
	Agreements
1
The existing DRX mechanism with proper settings is a good mechanism from UE battery power savings point of view but further comparison with IDLE mode power consumption may be needed. 

2
RAN2 should focus on signalling overhead optimisation aspects (IDLE<->CONNECTED transitions; mobility signalling; …).


So the first aspect of agreements clarifies that existing DRX mechanism is good from UE battery power saving point of view if DRX parameters are selected properly. In this document discuss how to achieve this objective? 

2. Discussion
From the agreements achieved in RAN2 #77 it is clear that existing DRX is good mechanism for UE battery power savings point of view even for background traffic. However key issue to be solved is how the appropriate DRX parameters are selected to achieve this objective? Based on discussion on [3] following general understanding exist among companies [2]:

	=>
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 signlaing overhead should be taken into account.


So to help eNB decide proper DRX settings based on current situation of the UE; assistance information provided by the UE to the network is considered useful. However it is FFS what can be useful assistance information from UE to eNB? Given below is list of some of the possible assistance information which UE can send to eNB. Justification is provided for each possibility of information element as possible candidate for UE assistance information.

List of assistance information,

Possibility 1: Type of applications currently running: 

There can be several types of applications running in the UE. Behaviour of applications are very diverse now itself and it is not hard to predict that going forward this diversity can further increase. Although for our study purpose in RAN2 we have classified applications in active application, background applications (heavy or light) etc. It is not possible to make exhaustive list for types of classification. Standardisation effort required now and in future to accommodate new applications the usefulness of this information as UE assistance information is quite low. 

Proposal 1: Usefulness of type of applications currently running as UE assistance information to derive proper DRX parameters is quite low. So this information should not be considered as possible candidate for UE assistance information.

Possibility 2: Packet inter-arrival rate

We have analysed traces for several applications for last 3-4 meetings. It is well known that different applications have very different characteristics for packet arrival. Packet inter-arrival rate has direct impact of UE power consumption and hence for DRX settings. This information is known to the eNB as well even if Deep Packet Inspection is not used, because eNB scheduler is very well aware how particular UE has been scheduled in DL and UL? However when UE moves from connected to idle and then again to connected (after sometime) it is possible that eNB doesn’t have proper estimate of this parameter as UE might have moved to other eNB by that time. Packet inter-arrival rate can be one possible candidate as UE assistance information; but first of all packet inter-arrival rate just as one parameter might not be sufficient as it doesn’t give very clear picture about distribution. Also there can be several other cross layer information (from application layer to lower layer) which are known only to UE. Cross layer information along with complete view of packet arrival distribution can be better utilised at UE to derive DRX parameters than at the eNB. 

Proposal 2: Cross layer information along with complete view of packet arrival distribution can be better utilised at UE to derive DRX parameters than at the eNB. So this information should not be considered as possible candidate for UE assistance information.

Possibility 3: Suitable DRX configuration

As UE is in the best position to know what all applications are running, what is the packet arrival distribution can be as well as other cross layer information so UE can derive most suitable DRX configuration and send this as UE assistance information to eNB. eNB can consider this suggestion and accordingly set the DRX configuration for the UE. When situation changes UE can send other DRX configuration as UE assistance information. However as very well highlighted in [4] the problem associated with this approach is; what if the DRX configuration suggested by UE is not at all tested and hence not supported by eNB? In that case this assistance data can’t be of any use and wastes the signalling. 

Observation 1: if the DRX configuration suggested by UE is not at all tested and hence not supported by eNB? In that case this assistance data can’t be of any use and wastes the signalling. 

Possibility 4: Suitable DRX configuration from List of Supported DRX configuration

To handle the problem associated in possibility 3 above it is proposed in [4] that eNB provides a list of DRX configurations it supports and UE selects and suggest one of the configuration which is most suitable based on current mix of running applications to eNB. eNB takes this  suggestions into account and configures the UE with appropriate (either same as UE indicated or modified based on final decision of eNB) DRX configuration. This is good baseline approach as it takes UE local knowledge and eNB status into account to reach at appropriate DRX configuration. 

Proposal 3: UE suggest suitable DRX configuration from a list of eNB provided DRX configurations as UE assistance data is good baseline approach as it takes UE local knowledge and eNB status into account to reach at appropriate DRX configuration. 
Possibility 5: UE speed 

It is shown that it is better to keep slow moving UEs into connected state for longer time as with appropriate settings power consumption can be reduced to good extent and the same time signalling related to connection open/close can be avoided. Since UE is slow moving in that case HO related signalling will be smaller. However if UE is fast moving UE the HO signalling will be substantial and such type of UEs should not be put into connected for longer. This information is available at eNB as well but when UE moves from connected to idle then this information might not be available to new eNB. Whereas UE can keep track of its mobility estimation even if it moving from connected to idle and then idle to connected in UE implementation manner. UE itself can use this information to select a suitable DRX configuration as mentioned in the possibility 4 given above but if this information is provided to eNB then eNB can also use it for signalling reduction purpose as well as deciding final DRX configuration based on suggestion DRX suggestion from UE. UE speed as estimated by UE can be useful assistance information specially for reducing signalling overhead.

Proposal 4: UE speed as estimated by UE can be useful assistance information specially for reducing signalling overhead.
Possibility 6: Connection release timer value

Connection release timer can have a direct analogy to UEs speed and mobility conditions. If UE is moving at high speed and if UE is in an area where there are many cells which will lead to many HOs, then it is better to have shorter connection release timer, else if UE is static/low speed and/or the area is having very few cells then it is better to have larger value for connection release timer value.

Typically connection release timer will be in seconds for example ranging from 2 to 30. For the UE to estimate the optimum connection release timer value, UE need to be aware of its mobility, i.e, the speed at which it is travelling and the cells density it is going to see for that many seconds. Though UE can perceive its speed, it is difficult for the UE to get an idea of the cell density it is going to see in the next few seconds of time.

Rather if the UE speed as discussed above is communicated to eNB and since eNB is aware of the cell planning and density based on the cell UE is eNB will be in a better position to estimate the connection release timer value. Also it is shown earlier that if proper DRX configurations are provided to UE then usually connection release timer has lesser impact on UE power consumption. 

Proposal 5: Connection release timer communicated by UE may not be much useful; rather if UE speed is communicated then eNB will be in a better position to estimate the connection release timer value.
Possibility 7: Battery level

UE battery level information at eNB can help eNB in determining the need for signalling or parameter optimization. If the battery is high eNB may be relaxed in making the optimizations, where as if the battery is low and eNB perform some optimizations so that UEs battery will last long. However there can be several cases of tradeoff between delays versus battery consumption: i.e. lower packet delay at the cost of more battery consumption or vice versa. It is not obvious that the network can determine this trade-off:

Situation 1: Maybe a user with high battery still wants to use as little as possible power because he/she knows he does not have charging possibility for next days.

Situation 2: Maybe a user with low battery still wants to have low delay because he/she wants to download the file as soon as possible because power charging is available whenever required.
Several scenarios exist when battery level indication is not much of a use at eNB. Rather than that propoer DRX selection is enough. 
Proposal 6: Several scenarios exist when battery level indication is not much of a use at eNB. Rather than that proper DRX selection is enough. So this information should not be considered as possible candidate for UE assistance information.
3. Conclusion

In this document we discussed some of the possible UE assistance information from UE to eNB to reduce battery power consumption and signalling load. We propose:

Proposal 1: Usefulness of type of applications currently running as UE assistance information to derive proper DRX parameters is quite low. So this information should not be considered as possible candidate for UE assistance information.
Proposal 2: Cross layer information along with complete view of packet arrival distribution can be better utilised at UE to derive DRX parameters than at the eNB. So this information should not be considered as possible candidate for UE assistance information.
Proposal 3: Suitable DRX configuration from a list of supported DRX configurations as UE assistance data is good baseline approach as it takes UE local knowledge and eNB status into account to reach at appropriate DRX configuration. 
Proposal 4: UE speed as estimated by UE can be useful assistance information specially for reducing signalling overhead.

Proposal 5: Connection release timer communicated by UE may not be much useful; rather if UE speed is communicated then eNB will be in a better position to estimate the connection release timer value.

Proposal 6: Several scenarios exist when battery level indication is not much of a use at eNB. Rather than that proper DRX selection is enough. So this information should not be considered as possible candidate for UE assistance information.
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