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1 Introduction

Power consumption is important for devices using battery as the only power supply. Considering the expected growth of MTC communication where it is expected that communicating devices will be placed in locations so that charging or replacing batteries are no longer an option in a cost efficient manner. Due to this, targets of up to 10 years of battery lifetime may be placed on these MTC devices. 
This is an update of document GP-140910 that was presented at GERAN#64. Comments received focused on the impacts on the eDRX vs PSM energy consumption analysis that the failure of the short synchronization procedure will have. In this update the short synchronization will fail a certain percentage of the time and the long synchronization procedure will then be used. The impact on the energy consumption for eDRX vs. PSM is evaluated. Major updates are marked in red.
2 Background

There is a 3GPP GERAN specified solution for power consumption optimization called Power Saving Mode (PSM). PSM allows the device to save battery life by informing the network about the periodicity with which the device becomes reachable. Since a device in PSM has a limited interval of reachability determined according to when its ready timer is active, delivery of any mobile terminated traffic will be forced to wait until this limited interval of reachability occurs in the device. An increase in the reachability for a device in PSM can be made by increasing the RAU frequency or by increasing the rate at which the device sends periodic keep-alive messages (both will start the ready-timer in the device thereby making it accessible to the network). Increasing the RAU frequency or keep-alive transmission frequency are very energy consuming solutions to increase the reachability and thereby lower the latency for MTC devices.
An alternative, or perhaps complement, to the PSM is the extended DRX, eDRX, functionality, see [5]. The eDRX functionality will for a given reachability almost always consume less than the energy consumed by using PSM. This due to the energy saved when the device only needs to listen to paging instead of transmitting a keep-alive message or transmitting a RAU on a periodic basis. In the sections to follow the intention is to show the benefits of using eDRX as compared to PSM when considering energy savings and/or increased reachability.
The intent is also to show the impact of different methods for synchronization, different settings for the ready-timer including non-DRX timer and paging periodicity during DRX. 
3 Evaluation Assumptions
Energy calculations have been made for both PSM and eDRX in order to find and investigate differences and bottle necks. The reachability setup used for both PSM and eDRX in this evaluation can be seen in Figure 1. The values of energy consumed for the transmission and reception are taken from [2] and [3]. 
It is assumed that the same sync procedure prior to accessing the system is needed, i.e. either the concept of long sync have been used, (see [6]), or a shorter sync procedure is used which is executed prior to reading the paging channel in the network triggered case, or prior to accessing the RACH in the mobile autonomous case. In this evaluation the shorter sync assumes that the device has knowledge about the cell frequency but there is no requirement on time/frequency synchronization. I.e. when waking up the device needs to read one FCCH and SCH to be re-synchronized. Since it is approximately 80 bursts between each FCCH it is assumed that each device will need to listen to, on average, 40 bursts to ensure that a FCCH/SCH have been received. Further optimization is believed possible in for example utilizing normal bursts on TS0 to confirm BSIC and fine tune synchronization as described in [6], and hence the assumptions used are considered conservative.  

[image: image1]

Figure 1 PSM vs. eDRX

In [4] it has been decided to use a ready timer value of 20 seconds with the non-DRX timer set to 2 seconds. While the ready timer is running the paging periodicity has been evaluated with both 2.12 seconds and 0.47 seconds corresponding to BS_PA_MFRS equal to 9 or 2. The impact of the non-DRX timer is investigated by comparing results for 2 second non-DRX timer with 0 seconds non-DRX timer.
The triggering periodicity (shown as Reporting Interval in Figure 1) and the periodicity of reachability need not to be the same. E.g. even though a device is reachable every X seconds, either by its paging group or by being in ready state, there might not be a need to trigger a report in all these occasions. In the evaluations herein a periodicity of reachability less than or equal to the triggering periodicity is assumed. 

 MCS-1 has been used together with the message sizes and control messages as defined in [2]. 

The impact of periodic RAU can be seen for triggering intervals larger than the RAU periodicity. However, a RAU periodicity of 24 hours is assumed, see [4]. Hence the impact is not shown here.

For simulation assumptions and setup, please see appendix 7.

4 Results
In Figure 2 battery lifetime versus reachability is plotted when the shorter sync procedure is used. It can be seen that the lowest possible reachability periodicity for PSM that allows for realizing target battery lifetime of 10 years is 30 minutes when at the same time only sending a report at a maximum rate of approximately twice per hour. Longer battery lifetime can be achieved in the PSM case by increasing the reachability periodicity and increasing the triggering interval.  As can be seen for PSM in Figure 4 the lowest reachability periodicity allowed to still meet the target battery lifetime of 10 years is approximately 30 minutes irrespective of how much the triggering interval is increased beyond approximately 30 minutes. However, when using eDRX it is possible to achieve 10 year battery lifetime with a reachability periodicity down to approximately 90 seconds by increasing the triggering interval (see Figure 4). As an example, when using eDRX it is possible to use a reachability periodicity of 2 minutes with a triggering interval of once every other hour  and still meet the target of 10 years battery lifetime(blue dashed curve). 

Even though, with the current simulation configuration, the target of battery lifetime of 10 years is not met by triggering intervals of less than 30 minutes for neither eDRX nor PSM with the non-DRX timer set to 2 seconds, it can be seen that the energy consumed by eDRX is a lot less than the energy consumed by PSM for reachability periodicities shorter than the triggering interval, resulting in a gain in battery lifetime for eDRX compared to PSM (see Figure 2 and Figure 3).
For report intervals of hours or more it can be seen that battery lifetime of tens of years can be achieved with eDRX even for reachability periodicities in the order of minutes, whereas this can only be achieved for reachability periodicities in the order of hours with PSM. This demonstrates that eDRX allows for realizing a substantially better latency performance compared to PSM for battery limited operation.
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Figure 2: Battery lifetime versus reachability using the short sync (100% short sync success rate).
In this updated version, a failure of the short synchronization procedure is taken into account. The evaluation is done for a failure rate of five percent which can be considered as pessimistic considering that many devices will experience low to no mobility. When the short sync fails the long sync procedure will have to be used and more energy is consumed before the device can receive a page (eDRX) or transmit an access request (PSM). It can be seen that both power saving modes are affected by the failure rate. For PSM most energy is consumed by its reachability, i.e. sending “keep alive” or RAU updates, to trigger the Ready State procedure and the curves in Figure 3 therefore give slightly worse performance than without sync failure as can be seen in Figure 2. For eDRX a small degradation in battery lifetime can be seen when comparing between Figure 2 and Figure 3. In the eDRX case the energy consumed by being reachable is due to sync and listening for a page. The failure rate of the short sync procedure will therefore have a greater impact on eDRX when compared to PSM. Never the less, in the case we want to reach the device more often than its triggering interval, eDRX will always substantially outperform PSM even when a failure rate of the sync procedure is added, see Figure 3. 
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Figure 3 Battery lifetime versus reachability using the short sync (95% short sync success rate)
In Figure 3, battery lifetime versus reachability is plotted when the long sync procedure (see [6]) is used. It can be seen for PSM that by using the long sync procedure the battery lifetimes experienced compared to using the shorter sync are reduced significantly to the point where the cut-off for 10 year battery life time is increased from a reachability periodicity of 30 minutes to a reachability periodicity of approximately  1.5hours . For PSM the battery lifetime is approximately halved when using long sync compared to using the shorter sync procedure with the same triggering interval and reachability periodicity. For eDRX the battery lifetime is reduced even further when using long sync compared to using the same shorter sync eDRX case. Never the less, eDRX has still an advantage over PSM for the entire spectra of reachability. 
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Figure 4: Battery lifetime versus reachability for long sync with references to the shorter sync procedure.

In Figure 4 a comparison of the Reachability periodicity vs triggering interval for different non-DRX  and BS_PA_MFRS values are seen. It can be seen that the variation of the cut-off for 10 years battery life time for PSM is relatively small with values between 24 and 35 minutes. As such it can thus be argued that the value of ca 30 minutes for the Reachability periodicity can be used as a break over point for eDRX and PSM.  
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Figure 5: Reachability versus triggering interval using the shorter sync.

Considering the case where the Ready timer is running (i.e. after sending a report), the reachability periodicity is significantly improved for short triggering intervals without non-DRX timer (i.e. non-DRX timer = 0) for both PSM and eDRX (see Figure 4).  A paging periodicity during DRX of 2.12 seconds gives a small improvement on reachability (see Figure 4).
5 Conclusions

In this paper we have addressed the problem of having small reachability periodicities (in the interest of supporting low latency) and at the same time being energy efficient to meet extended battery lifetime performance (e.g.  10 years). Evaluation shows that the power efficiency for PSM is not good enough to meet reachability periodicities less than about 30 minutes with triggering intervals of 30 minutes or greater . By introducing eDRX we can extend the battery lifetime beyond 10 years for reachability periodicities as low as about 1.5 minutes depending on the triggering interval desired and thereby allow for a substantially more flexible range of device operating conditions (i.e. reachability periodicity vs triggering interval) while also allowing for substantially better latency performance. In short, eDRX is needed to get reachability periodicities between a minute up to 30 minutes and at the same time reach battery lifetime of 10 years.
When introducing a failure rate for the short synchronization procedure the battery lifetime in years will be reduced for both PSM and eDRX. Never the less, the shortcomings of PSM if reachability in the order of minutes is to be supported while at the same time attempting to realize battery lifetimes in the range of years, are seen in Figure 3 i.e. if a reachability periodicity of minutes is desired eDRX should be used to maximize battery lifetime. 
It can also be seen that the non-DRX period is very energy consuming and we welcome input from other companies whether or not to keep this functionality for energy limited MTC devices. The same is valid for the long synchronization procedure which also consumes a lot of energy. If fairy good oscillator is used, it is enough to re-synchronize every 15 minutes to stay in sync and save energy compared to always using long sync to stay in sync.
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7 Appendix

7.1 Reference Case 1
7.1.1 Report Configuration

Report size = 120 bytes including TCP header

Keep-alive size = 120 bytes including TCP header

Downlink trigger size = 60 bytes including UDP header 

Downlink response (TCP Ack) = 80 bytes

Received Control radio blocks per report = 1 Immediate Assignment, 1 Packet Timeslot Reconfigure sent using the DL TBF used for trigger delivery in order to assign the UL TBF used for sending the report, 1 PUAN with FAI 

Transmitted Control radio blocks per report = 1 Page Response, 1 PDAN 

Modulation and Coding Scheme = MCS-1

Total idle time between RACH/Page and last PDAN (PSM) = 751 ms (PSM), 864 ms (eDRX)
7.1.2 Ready Timer Configuration

Ready Timer duration = 20.0 s

Non-DRX duration = 2.0 s

Paging periodicity during DRX = 2.12 s

7.1.3 Periodicities

Longest duration between two consecutive Shorter Sync events = 15 min

Routing Area Update periodicity = 24 hours

Reachability periodicity: swept from 30 seconds to 24 hours 

Triggering interval: swept from 5 minutes to 24 hours

7.1.4 Power Consumption Parameters

Battery Capacity = 5.0 Wh

Current during transmission = 1.2 A

Current during reception = 30 mA

Current during Light Sleep = 1 mA

Current during Deep Sleep = 1 µA

Supply voltage = 3.3 V

Energy consumption during Shorter Sync = 2.4 mJ

Energy consumption for Routing Area Update = 61.73 mJ
1(9)
5(9)
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