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1
Introduction
A critical issue for LTE system is to provide users with fast response times and notion of “always on” operation. In this respect, effective mechanisms need be in place to ensure efficient power saving for the UE; e.g. efficient discontinous reception and transmission schemes (DRX/DTX). Many different options and complexities for DRX/DTX exist and further there is a compromise among system efficiency and UE power consumption to be considered. The list of specific issues include (1) from which layers the DRX/DTX parameters can be controlled, (2) which network entity/entities is in control of DTX/DRX, and how often DRX/DTX parameters need to be able to change. 
When discussing different options for power saving, it is important that we define a frame-work for benchmarking such schemes. In this contribution, we propose a framework for benchmarking different DRX/DTX concepts. More specifically, we provide a reference simulation model for the UE radio power consumption which we are looking forward to discussing in 3GPP. Further, we propose gain metrics that need be considered such that both system and single-user aspects are considered. 
3
A Possible Power Consumption Model
UE power consumption patterns depend significantly on the actual implementation of the terminal hardware. Hence, a reference model for use in 3GPP need be generic enough to capture the basics of the hardware. In this setup, we specifically consider the RF modem power consumption and thus exclude baseband processing, display operation, application, etc. We understand that other aspects are very important but for the specification of DRX/DTX we focus on the radio part. We also understand that e.g. baseband part’s power consumption depends on the data rate but as we overall consider the performance versus number of bits received, we discard this aspect in the model.

Finally, we focus on “receiving aspects”; e.g. power related to reading downlink control information (e.g. allocation information for both uplink and downlink), receiving data, etc. In uplink, the power consumed is related to also sending scheduling requests, other control, and data. Separete modelling of these aspects are considered in a future contribution, but a key to ensuring low power consumption in uplink is to ensure high link efficiency for control channels as well as for data. In downlink, the UE needs to be active also when there is no data to receive to receive important lower and higher layer control.
We propose a general state model for the UE power consumption as shown in Figure 1. Primarily, we identify three states of the UE: Active (where UE reads allocation information every TTI and is ready to transmit/receive upon scheduling), light sleep, and deep sleep. We have used two different types of “sleep” states since when DRX/DTX is longer, the UE may be able to power down more hardware than if the DRX/DTX period is shorter. For each of the three states, we identify and average power consumption when in that state. For deep and light sleep, we denote this power consumption as PD and PL respectively. The active state has been divided into two different modes depending on whether the UE is receiving downlink data during that TTI (and thus needs to read the complete TTI information) or not. Those two modes are dented as PA+D and PA-D respectively. Further, the transition time (and associated power consumption) among the different states is considered by separate parameters. E.g. the transition from deep sleep to light sleep is denoted by transition time DD2L and associated average power consumption during transition time being PD2L. Same is true for other state transitions. It is assumed that transitions between light sleep and deep sleep are not needed (due to fast possible transition directly from active to deep sleep. Further, the transition direcly from deep sleep and active (with and with no data rx) is modelled through the light sleep intermediate step.
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Figure 1. Possible state model for UE power consumption pattern depending on its DRX/DTX state.


As there will likely be a difference in time resolution between above state diagram and the simulator timing, it is suggested to let all transition times above be an integer number of sub-frames (or even TTIs) and then just scale the associated power accordingly. This may improve the adoption of the model into the existing link and system simulators used for LTE evaluation.
Assessing multi-user and single-user aspects
As mentioned, the DRX/DTX concept needs to facilitate an efficient tradeoff among system (and multi-user) performance and single-user performance. If the DRX/DTX concept is not attractive from a multi-user viewpoint (e.g. facilitates sufficient scheduling and adaptation flexibility), then we may risk that the system cannot afford to provide the UE with significant power savings. Further, if the system spectral efficiency us impaired, this loss is reversed back to the individual users that then need be awake for longer periods of time to receive the same fixed data amount.

Hence, evaluation of proposed DRX/DTX concepts should be studied at system level where both aspects are taken into account. Some proposed metrics include:
· Single user throughput (and possibly latency) performance versus the average UE power consumption (for fixed traffic model).

· System capacity performance; e.g. in number of supported users and average throughput for some pre-defomed QoS criteria.

Further, the impact of associated control signaling errors (for each proposed DRX concept) needs to be taken into account in the assessment; e.g. using a statistical model. We look forward to discussing evaluation ideas within 3GPP.
Conclusions

In order to find the best compromise between complexity and system as well as link performance, we need to provide system level assessment of candidates for DRX/DTX. We propose here a baseline model for general discussion within 3GPP. The model includes a parameter set that can be commonly agreed. Further, we have proposed various gain metrics to ensure that both multi-user and single-user aspects are considered when simulating DRX/DTX concepts. We have stressed that also required control signaling (including errors) is considered in such evaluations.
