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1. Introduction
In RAN2#71bis, [1] proposed the UE could send a request to go to “power saving mode” if it does not expect more UL and DL data and it’s up to the eNB whether to ignore the UE, send it to Long_DRX or send it to RRC_Idle.

In this contribution, we investigate the potential gain of such scheme in terms of battery power consumption. We used two very simple real-life traffic logs and simulate the energy consumption based on different values of the inactivity timer.

2. Simulation Assumptions and Results
The first log is from a 45s web browsing session and the second log is from a 235s instant messenger that was running in the background with no user interaction (basically some keep-alive app messages once every 30s or so). We simulated the inactivity timer but did not simulate any of PHY/MAC layer, DRX on/off duration, any signalling overhead of transitioning in and out of DRX. We assume the UE is in one of the three states below at any given time:

1)  Active transmission/reception (called “active”)

2)  PDCCH monitoring only (called “monitor”)

3)  Long DRX (called “DRX”)

We assume the (relative) power consumption associated with each state as follows:

1)  Pactive = 100%

2)  Pmonitor = 60%

3)  Pdrx = 10%

Next we assume whenever there is UL or DL packet, the UE goes to the “active” state and start the inactivity timer. When there is no active transmission/reception of a packet, the UE goes to the “monitor” state. When the inactivity timer expires, the UE goes to the “DRX” state.
We plot the energy consumption gain in % and the number of “active/monitor” to “DRX” transitions using Inactivity timer = 2.56s as the base case (worst case scenario for energy consumption). In this way, the energy gain represents the upper bound of energy gain and the number of “active/monitor” to “DRX” transitions represents the signalling overhead of transitions based on proposal [1]. Web browsing results are shown in Figure 1 and Instant Messenger results are shown in Figure 2 .
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Figure 1 Web Browsing Energy Saving and Overhead as a function of the Inactivity Timer
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Figure 2 Instant Messenger Energy Saving and Overhead as a function of the Inactivity Timer
As expected, as the inactivity timer decreases, the energy saving increases but at the same time the signalling overhead (per proposal in [1]) increases as well. Since we did not model the signalling overhead, the above plot would over-estimate the energy saving when the inactivity timer is very small (e.g., < 0.5s), in which case signalling overhead require non-negligible energy.
However, when the inactivity timer > 0.5s, the signalling overhead is moderate (once every 4.5s to 26s) and the relative gain in energy is 45% to 25% for this trace of web browsing the instant messenger, respectively. Although the above two logs can hardly represent all data traffic, they do provide some insights into energy savings of DRX.
We made the following observations:

1)  Energy saving is very sensitive to the value of the inactivity timer. Using a proper value is critical to energy saving.
2)  Reducing the inactivity timer from 2.56s does offer significant power savings
3) As the inactivity timer value decreases, more power can be saved up to some point. However, assuming the DRX cycle is ~640ms (to obtain similar power consumption as idle), if there is DL data that arrives during Long DRX, that packet will be delayed for maximum of 640ms, which is clearly unacceptable. That also means eNB cannot be too aggressive to target too small an inactivity timer value.
Proposal 1: Discuss the above results and see if enhancement in addition to Release 9 is worth it or not.

3. Discussion

We believe that Release 9 offers a good framework to address power savings that could be realized by inactivity timer and DRX. However, we also note the following limitations:
· It requires extra eNB intelligence to set the inactivity timer properly. Also, it is not very clear if there is even a pattern when the packets are aggregated from multiple apps running concurrently. The DL packet delay will become unacceptable if the eNB is too aggressive and targets too small the inactivity timer and if a DL packet happens to arrive during the Long DRX.
· It requires a learning phase (hence a delay) at the eNB to infer the traffic profile and to set appropriate Inactivity Timers in the UE

· In most situations, the Application/UE knows that no more data is expected 
To overcome the above, we believe in general that UE involvements will help. For example, the proposal in [1] allows the UE to request for transition to Long DRX (if ordered by the eNB) as soon as possible with minimal signalling overhead, which will save power aggressively. This has similar effect of moving to the smaller inactivity timer region without incurring potential excessive delay of DL packets as long as the UE uses care concluding it’s expecting no more DL packets before sending the request. However, we need to study the signalling overhead of such proposal further, which is not included in this contribution.
Proposal 2: Some further improvements on power saving can be realized by involving the UE in the decision to enter the Long DRX.
4. Proposals
In this contribution, we presented some simulation results to illustrate potential power saving of the existing DRX framework. We pointed out existing framework’s assumptions of eNB tracking and setting the inactivity timer properly to take full advantage f energy savings offered by DRX. We also listed some benefits of proposal in [1] that involves the UE. We made the following two proposals.
Proposal 1: Discuss the above results and see if enhancement in addition to Release 9 is worth it or not.

Proposal 2: Some further improvements on power saving can be realized by involving the UE in the decision to enter the Long DRX.
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