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Dynamic Timeslot Reduction - Gains Evaluation

1. Introduction
Dynamic Timeslot Reduction (DTR) allows to reduce the number of monitored timeslot during an inactivity period which provides power saving. This document discusses expected gains provided by DTR.
2. Power Consumption

The mobile station alternates between packet idle mode and packet transfer mode during a user data session. In addition to these two states, we can define an illustrative transition state in which the mobile station is in packet transfer mode but no user data are exchanged with the network. The existence of the transition state depends on the availability of extended uplink TBF mode and delayed release of downlink TBF. The mobile station exits the transition state when the network releases all active TBFs assigned to the mobile station or upon resumption of the data transfer. In the transition state, the network waits for new data until a given time when it releases the active TBFs. The transition state is denoted on Figure 1 as the waiting state (sw).
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Figure 1 - States of user session
The power consumed during a user session is the sum of powers consumed in these three states:
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DTR addresses the power consumption in sw state. In DTR, the number of timeslot the mobile station monitors is reduced to one (BTTI mode) when the mobile station enters sw. The relative power consumptions for different timeslot allocations have been presented in [6] and are depicted below (the power consumption relates to the decoding of downlink blocks for the indicated assignments) along with the reduction of power consumption (i.e. DTR gain) when in DTR i.e. when going to a 1 TS x 1 carrier allocation). 
Table 1 - Relative power consumption

	Assignment
	Power consumption
	DTR Gain [%]

	1 TS x 1 carrier
	1.00
	N.A.

	5 TS x 1 carrier
	1.16
	13.79

	5 TS x 2 carriers
	1.38
	27.54


The gains provided by DTR can be utilized in two ways, as already described in [7]
1. Extend the maximum duration of sw and avoid TBF release/establishment procedures; or

2. Keep the maximum duration of sw unchanged and extend the operation time of the mobile.
3. ExtenSion of the TBF Inactivity period
The current specification recommends that the inactivity period of extended uplink TBF or delayed downlink TBF should not exceed 5s in order to preserve the mobile station’s battery life
. Based on the relative power consumption figures shown in Table 1, the inactivity period of a TBF could be extended to 5.8s (resp.  6.9s) using the same energy, by going from a 5 TS x 1 carrier allocation (resp. 5TS x 2 carriers allocation) to a 1 TS x 1 carrier allocation.
Web browsing is an example application which is considered to benefit from DTR.  We can assume that HTTP/1.1 with pipelining results in such traffic that the wait and idle states are entered only between web pages. The time between the user’s requests is often referred to as the thinking time or reading time. The thinking time is often modeled by a lognormal, Weibull, exponential or even normal distribution [1]
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where λ= 35.63, k = 0.598 and x is the thinking time) used in [1] is shown on Figure 2.
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Figure 2 - User's thinking time in web model (Weibull CDF)
If the TBF is kept alive by 0.8 second longer then 28.66% of user’s request won’t require the establishment of new TBF which is 2.08% more requests than in case the TBF is kept active for 5s. Similarly, the percentage of user’s requests served without the TBF release and establishment of new TBF increases by 4.67% to 31.25% in the dual carrier case when the TBF is kept active for 6.9 seconds. However, there are still at least 68.75% user’s requests which require the establishment of new TBF. These gains are shown in the table below.
Table 2 – Gains of extended active period of TBF

	Wait state period
	CDF
	Difference
	Gain

	5 s
	0.2658
	N.A.
	-

	5.8.s
	0.2866
	0.0208
	7.8%

	6.9 s
	0.3125
	0.0467
	17.6%
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Figure 3 – Increase in amount of user’s request served
without release of active TBF
4. Battery saving
Another approach to utilize the power savings of DTR is to retain the length of inactivity periods unchanged and gain longer battery life. The total power consumed during a user session comprises of powers spent in three states, see section 2. The gain provided by DTR throughout a data session depends on the ratio between the duration of inactivity periods and the time spent in the other states during that session. Indeed, the more the amount of resources assigned to a TBF, the shorter the duration of st periods, and the higher the ratio of sw over st and si.assuming si periods remain unaffected.
We consider a web model in the following example which helps us evaluate the gains provided by DTR. The study included in [5] shows that an average download time of a CNN page including 37 objects takes approximately 10 seconds if the throughput is 200 kbps and the latency 100 ms. The throughput of 200 kbps approximately refers to two timeslots allocation using EGPRS2-B under excellent radio conditions. We can assume that this time is decreased by half, i.e. 5 seconds, if five slots (single carrier) are allocated to the mobile. In this example, DTR would provide the maximum gain in the situation when the inactivity period is also 5 seconds long. Table 1 shows the saving of ~13.8% during the inactivity period. Because the active and inactive periods are equally long, the maximum gain is ~6.9%, see Figure 4.  Figure 4 (b) shows the relative power consumption as a function of user’s thinking time.In dual carrier scenario, the maximum gain provided by DTR would be ~13.8%.
The reference power consumption is
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where Pt and Pw are equal. The power consumption when DTR is used is calculated with the same formula but Pw is defined by value in Table 1. For the simplicity of evaluation, we assume that the mobile station is in non-DRX mode in Si period.
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(a)
CDF of user’s thinking time
(1st 100s of Figure 2)
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(b)
Relative power consumption as function of
user’s thinking time (CDF not taken into the account)


Figure 4 – Relative power consumption for web session

5. Conclusion

This document discusses the estimated gains provided by DTR. DTR is assumed to bring benefits in scenario which includes long inactivity periods during which uplink and/or downlink TBFs are kept alive through the extended uplink TBF mode and delayed release of downlink TBF features. A good example of application which follows such scenario is web browsing. The power saving offered by DTR can be utilized in two different ways. 

The inactivity periods can be extended whilst the power consumption remains at the same level as when DTR is not used. The longer inactivity periods aim to avoid TBF release and establishment between consecutive user’s requests and thus to reduce the signaling load in the network. The amount of user’s request served without TBF release and establishment increases by 2.08% for the single carrier scenario and by 4.67% for the dual carrier scenario. 
The second approach is to keep the length of inactivity periods unchanged and increase the operation time of the mobile station thanks to the battery saving. In the example given in this document, the maximum achievable gain is ~6.9% in the single carrier scenario (going from 5 to one timeslot in DTR). 

It shall be noted that the estimated gains are tight to the used model [1] and assumption of fixed download time. Some scenarios may bring higher gains. For example, the download time of a mobile optimized web with mainly text and low graphic pages can be assumed shorter than 5s. This would change the ratio between the transfer and inactivity periods in favor of DTR. On the other hand, the gains will be smaller for rich graphics and multimedia pages,  for which the ratio between the periods changes in the opposite direction.
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� As specified: “Extensive delay of a downlink TBF release might impact badly on the mobile station power consumption and should be avoided. Inactivity periods should not be longer than necessary to keep the overall performance of GPRS services. Inactivity periods longer than 5 s should not be used.” And for uplink, “Extensive delay of an uplink TBF release whilst the mobile station does not send any RLC information might impact badly on the mobile station power consumption and should be avoided. Inactivity periods should not be longer than necessary to keep the overall performance of GPRS services. Inactivity periods longer than 5 s should not be allowed. If, however, the network has indicated that the mobile station during extended uplink TBF mode is not required to send PACKET UPLINK DUMMY CONTROL BLOCK messages,as described above, and the mobile station makes use of this option, the impact on the mobile station power consumption will be less critical and longer inactivity periods than 5 seconds can be allowed”
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