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1 Introduction

One important characteristic of a mobile device is to have the possibility to be always connected without recharging the battery several times per day. It is therefore considered important to provide the UE with opportunities to save battery e.g. by temporarily disabling its receiver chain. On the other hand it is also necessary to ensure high performance (low latency) and to limit the signaling load. 

In this document we analyze the difference in UE power consumption in RRC Connected and IDLE mode and we discuss whether the network has sufficient information available to trade UE power consumption against performance and signaling overhead. 
2 Discussion
The power consumption of a smartphone constitutes from many factors. E.g., the peak consumption of the camera comprises as much as half of the battery consumption if used all the time. However, camera consumption is not necessarily correlated with radio consumption and is therefore not considered further.

If both transmitter and receiver are on, peak consumption of this part is typically around half of the total consumption of the device (the other half is consumed by the display and other components). However, battery consumption in this state depends on many factors such as the data rate and frequency of transmissions. It is assumed that power usage increases both for transmitter and receiver side for each Mbps. In other words, there is some variation depending on the application used.
2.1 Power consumption in RRC Connected and IDLE

The power consumption for an LTE UE in IDLE mode is, from a modem perspective, not necessarily lower than in RRC Connected mode. This is primarily due to that connected mode DRX offers the same DRX cycles as available for the IDLE mode paging DRX cycle. Also, CSI reporting and sounding reference symbols are suppressed while the UE is not in Active Time and it is possible to configure the periodicities of SRS and CSI so that they do not coincide with the on-Durations. Therefore, we assume that there is no significant difference in the power consumption in RRC Connected and IDLE mode per se. 
However, a UE in RRC Connected mode is subject to network controlled mobility which requires that UE provides RRM measurements to the eNB when approaching the coverage border. The transfer of these measurements as well as the subsequent signaling for performing the actual handover consumes energy. Furthermore, it increases the signaling load on the RAN as well as on the core network and should therefore be minimized. And even if a UE in RRC Connected mode is not moving, it consumes network resources at least in terms of C-RNTI and context handling in the eNB. 

On the other hand, also the transitions between IDLE and RRC Connected modes imply signaling that increases the load in radio- and core network as well as increases the UE’s battery consumption. Furthermore, the transition from IDLE to RRC Connected mode increases the latency perceived by the user. 

Therefore, it is not necessarily preferable to quickly and frequently release a UE to IDLE neither is it acceptable to keep all UEs always RRC Connected. The decision whether and when to release a UE’s RRC Connection is rather a trade-off among battery consumption, performance and signaling due to mobility and state changes. 

Proposal 1 Acknowledge that differences in UE power consumption between IDLE and CONNECTED mode primarily depends on the mobility level while being RRC CONNECTED and the amount of state transitions between IDLE and RRC Connected.

2.2 RRC State Handling in the eNB

As explained above, signaling for a UE in RRC Connected mode is to a large part due to mobility. A UE that moves quickly and at the same time is not transmitting / receiving any data should preferably be released to IDLE whereas a UE that does not move very much can typically remain RRC Connected. 
As part of the handover procedure, the source eNB informs the target eNB about UE history (see 36.423 and 25.413) which comprises information about the recently visited cells and the time it stayed there. Based on this information the eNB can determine the expected amount of handover related signaling when keeping the UE RRC connected. Of course the network is also well aware of its own load in terms of signaling traffic and the number of RRC Connected UEs handled in the eNB. Also the traffic generated by a UE can be observed and used to predict (estimate) its activity in the near future. 
We think that the network can, based on the information it has available, perform a rather good trade off and decide which UEs to keep RRC Connected and which ones to release to IDLE. 
One uncertainty is certainly the prediction of upcoming traffic. If the UE would have a better picture of the traffic to be expected in the near future, it could be beneficial to provide that information to the eNB. However, if such indications turn out to be wrong (e.g. new data arrives shortly after the UE indicated that no more data is to be expected) the functionality becomes useless or may actually result in more signalling and higher battery consumption. The eNB would have to deploy safety mechanisms to detect such faulty indications and not react upon those. 
We can conclude that both from the network and the UE perspective, not only the power consumption in a certain state is important, but also associated signalling costs. 
Proposal 2 For evaluations on improvements for diverse data applications the following KPIs should be considered (in addition to e.g. service quality): Cost of HO + Cost of state switches + Battery consumption
3 Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1
Acknowledge that differences in UE power consumption between IDLE and CONNECTED mode primarily depends on the mobility level while being RRC CONNECTED and the amount of state transitions between IDLE and RRC Connected.
Proposal 2
For evaluations on improvements for diverse data applications the following KPIs should be considered (in addition to e.g. service quality): Cost of HO + Cost of state switches + Battery consumption
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