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Abstract of the contribution: This paper proposes to optimize UE power consumption by using longer than current DRX cycles in RRC connected mode.
Introduction
The agreed key issue of UE power consumption optimizations calls for solutions that further reduce terminal energy consumption beyond the current limits of the standard. The connected mode DRX approach already exists as a way to reduce terminal energy consumption while the terminal is not transmitting or receiving data. However, the connected mode DRX is currently limited to a maximum DRX period of 2.56 seconds. We propose here to extend this by allowing longer DRX periods in connected mode. Furthermore, we present a model and analysis of longer DRX cycles and possible achievable gains. Our results are based on a technology prediction for a possible 2015 MTC device. The analysis is based on assuming the UE stays in RRC_CONNECTED mode.
Discussion
Allowing for longer DRX periods in connected mode allows the terminal to switch off its radio transmitter and receiver for longer periods of time, and during these periods the terminal can significantly reduce its power consumption. This is especially useful for MTC use cases where the terminal has only infrequent data to send or receive and it is silent in between, e.g. for sensor types of devices. It is possible to define connected mode DRX periods as long as several minutes. 
Even with long DRX periods, the terminal can initiate uplink transmission at any time. On the other hand, downlink packet transmission may experience a delay up to the value of the DRX period. However, many MTC applications do not have strict delay requirements for downlink initiated communications, and thus even long values of DRX periods are possible. 

Model and analysis of longer DRX cycles

We model a low mobility and battery-operated MTC device having four operational parts each having a power consumption parameter. The base assumption in the model is that the UE is able to switch off unneeded parts whenever possible. 

· Transmitter (TX) chain, 
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· Receiver (RX) chain, 
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· Base power consumption including a low power coarse clock, 
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· High power clock, 
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Based on the four operational parts we divide the energy consumption into four different periods: synchronization and active periods where the RX, base and high power clock parts are on, transmission period where TX, base and high power clock parts are on and sleeping period where only the base part is on. Parameter values envisioned for a 2015 MTC device are presented in Table 1. Base part is on during the whole operating lifetime of the device. TX part is only used during uplink transmissions and RX part is on during DRX active time, synchronization period and other possible periods requiring listening of the downlink channels. The time parameters are averaged to include all possible traffic received or transmitted (i.e., all possible signalling on PDCCH/PUCCH, reading of reference symbols and measurements, etc.). 

Table 1. Parameters used in the model.

	Power parameter
	Value
	Time parameter 
	Value
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	500 mW
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	50 ms
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	150 mW
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	10 ms 
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	0.03 mW
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	10 mW
	
	


Based on the presented parameters and the model we can evaluate the total energy consumption and calculate the possible battery lifetime of the device.

Impact of longer connected mode DRX cycles

We assume the device sends uplink data every 768 seconds, stays in connected mode in between, and can be configured to use any DRX cycle length up to 768 seconds between the two uplink transmissions. Figure 1 depicts the relative energy consumption and gain in battery lifetime when compared to the values obtained using the current maximum DRX cycle length, 2.56 seconds. [image: image12.emf]0 50 100 150 200 250 300 350 400
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Figure 1. Energy consumption and battery lifetime of DRX cycle lengths compared to cycle length of 2.56 s.

The results show that extending the maximum allowable DRX cycle to several minutes would bring substantial gains in energy consumption and battery lifetime. With the used parameters, we see that, for example, using DRX cycle of two minutes would extend the battery lifetime almost 15 times compared to consumption when using a 2.56 s cycle length. In absolute terms, at 2.56 second cycle length standard AAA battery (capacity 6500 J or 1200 mAh @ 1.2V) would last approximately 2 months, while with 384 second cycle length the lifetime would be almost 18 times that, i.e., over 2 years 8 months.

Note that if the power consumption parameters are optimized further (i.e., the power consumption becomes lower), the achievable gains will be even greater. For example, if  
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 would be lower, let’s say 0.001 mW, the battery lifetime with 384 cycle would be 30 times that of with 2.56 cycle length.

The effect of lengthening the data inter arrivalperiod (768 s in Figure 1) is depicted in Figure 2 where we have plotted the relative power consumption (compared to interarrival period of 32 s) with DRX cycles of 2.56, 128 seconds and finally DRX cycle length equal to the interarrival period. The last case would mean there are only data transmission events without any DRX active time in between two transmissions. 
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Figure 2. Power consumption with different data interarrival periods compared to period of 32 s. 

Figure 2 shows that the average power consumption converges with long enough interarrival periods. In absolute value, the convergence with DRX cycle t is to 
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. Also, we see that with DRX cycle length of 128 seconds, we are quite close to the lowest possible power consumption we can obtain. This means that the gains achieved by using DRX cycles of, let’s say, hours, would not yield significant gains compared to that of using cycles of several minutes long. 

Impact of idle to connected transition

Comparing the usage of connected and idle mode with the same DRX periods while the terminal does not have data, the energy consumption figures for the terminal are expected to be rather similar. This is due to the fact that it is the time, during which the terminal may switch off its transmitter and receiver units, which is the most important factor in reducing the energy consumption (see also the eDDA TR 36.822).  The actual overhead of packet transmission may differ between the two cases: in case the terminal is in idle mode, it first has to perform signalling to become connected to be able to transmit or receive data, while in connected mode this signalling may be avoided. 

When comparing idle and connected modes using the same DRX settings, in idle mode the consumption is somewhat larger because of the transition from idle mode to connected mode before the uplink transmission is possible. With the used parameter settings, for DRX cycle lengths more than 100 seconds the increase in energy consumption would be around 20 %. For shorter DRX periods the increase is smaller as the energy consumption of DRX active periods dominate that of transmission period. For cycle lengths less than 30 seconds the difference is less than 10 %.  

Longer DRX impact on mobility

Introduction of longer connected mode DRX periods might impact mobility procedures. Keeping the current measurement procedures has the consequence that it will take a longer period of time before a measurement report will be triggered by the terminal. For fast moving terminals, the terminal may have already moved to a new cell before the measurement report is triggered, and a radio link failure may then occur. To avoid this, the connected mode long DRX setting can be applied only for terminals which do not move, or move only slowly and infrequently. The network may use past terminal history data and/or subscription information to find a suitable DRX setting for a terminal. 

The restriction to use connected mode long DRX values only for slow moving terminals may exclude a few use cases with fast moving devices, but it is expected that a significant majority of MTC applications will be in the slow moving segment. Even if the terminals move, some of these terminals may be slow moving while they send or receive data. Then, if a terminal is determined to move fast, it is still possible to transition the terminal to idle mode. Hence, it is expected that all use cases can be covered with appropriate usage of long connected and/or idle mode DRX settings. 

Alternatively, also mobile terminals may be considered. It is FSS how this would impact the core network. The 3GPP RAN WGs would need to evaluate the current mobility procedures to see if there is impact on core network.

Conclusions
The achievable gains in energy and power consumption by using longer DRX cycles are significant. Our results also indicate that after certain point, further extending the cycle length is not necessary. The results presented in this paper and other scenarios we have evaluated suggest that using cycles of up to several minutes would be a good compromise between energy saving and the responsiveness of low mobility MTC devices.
An advantage of the connected mode long DRX approach is that the specification impact is low; this fits into the existing system architecture, and the long DRX impact is focused on the RAN where these longer timer settings need to be implemented. Some core network impacts are foreseen to be able configure the longer cycles only for certain types of terminals. Furthermore, some core network impacts due to mobility are possible, if so indicated by the 3GPP RAN WGs.  
Proposal

It is proposed to add the following to TR 23.887 ver 0.3.0
Begin Change
7.1.3.x
Solution : Long DRX cycles in connected mode

7.1.3.x.1
General

The solution described in this clause addresses the key issue “UE Power Consumption Optimizations.”

Allowing for longer DRX cycles in connected mode allows the terminal to switch off its radio transmitter and receiver for longer periods of time, and thus reduce its power consumption. This is especially useful for MTC use cases where the terminal has only infrequent data to send or receive and it is silent in between, e.g. for sensor types of devices. It is possible to define connected mode DRX periods as long as several minutes.

Long DRX cycles in connected mode are enabled in UTRAN/E-UTRAN by providing new values and/or parameters for long DRX cycles in RRC/MAC in a backwards compatible way. That is, UEs not requiring low power consumption are not impacted.
This solution assumes the long DRX cycle value is selected locally in the UTRAN/E-UTRAN, but RAN would need to evaluate whether there is a need to standardise some additional means as outlined in solutions described in sub-clause 7.1.3.2.
When applying a longer DRX cycle value, the inactivity timer for releasing the RRC connection should be adjusted accordingly.
NOTE1:
The need for modifying mobility measurement procedures and core network mobility handling during long connected mode DRX cycles would depend on 3GPP RAN WGs analysis on the topic. 
Editor’s Note:
How to achieve overload control when applying long DRX cycles in connected mode is FFS e.g. RAN barring mechanisms are only applied in idle mode.
7.1.3.x.2
Impacts on existing nodes and functionality

The system impact is focused on the RAN (i.e. including the UE on Access Stratum layer), e.g. RAN need to ensure that UE gets aware of SIB changes etc. 
The CN impacts may be:

-
depending on which mechanisms to use in configuring the long DRX setting e.g. for certain types of UEs;

-
In case mobile UEs are considered, it is FSS how this would impact the core network. 
The 3GPP RAN WGs would need to evaluate the current procedures to see if there is impact on core network.
7.1.3.x.3
Solution evaluation

The achievable gains in energy and power consumption by using longer DRX cycles are significant. After a certain point, further extending the cycle length is not necessary. Using cycles of maximum up to several minutes would be a good compromise between energy saving and the responsiveness of low mobility MTC devices.
Keeping the UE for a long time in connected mode would decrease the signalling load, but it would increase the memory usage in eNB (i.e. for keeping UE context and for storing DL packets including MT-SMS).
Further evaluation of this solution should be done by RAN.
End of Changes
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