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Provisioning Extended UL TBF on a per TBF basis – analysis on the gains
1. Introduction

The invocation of extended UL TBF and Delayed DL TBF has a penalty on the base station radio resource as well as on the UE battery as has been discussed in [5] [6]. It is thus appropriate to discuss the conditions under which to invoke the extended UL TBF. In order to fully benefit from Extended UL TBF feature while minimizing any resource/power overhead, a proper mechanism to turn ON/OFF Extended UL TBF at the RLC/MAC on a per TBF basis is necessary. In GERAN#45 meeting more results showing the benefits from such a mechanism was sought. This paper provides such a benefit analysis.
2. GaiN analysis From implementing a per TBF based Extended UL TBF invocation
Today Extended UL/Delayed DL TBF is turned ON at a cell level. Different types of applications have different traffic characteristics and may or may not fully utilize Extended UL TBF. In order to have a proper metric based on which to invoke Extended UL TBF, an understanding of the nature of traffic generated by an application is needed. What is needed is a characterization of the traffic from different application types and the subsequent nature of traffic at the SNDCP or RLC/MAC so that a decision can be taken on invoking the Extended UL TBF for a given application data stream/TBF. So essentially, the UE can switch from non extended UL mode to an Extended UL mode and vice versa based on certain triggers derived from the data flow measurements at the RLC/MAC or at the SNDCP.

In a typical GERAN smart phone today the following type of applications can be found: Web applications (Chat, Social networks, periodic update/tickers/Ads, Low bandwidth Games) email, VoIP, PTT, active maps (google maps…), secured web access, news sites and other web access. 

The following four main data characteristics provide a good basis for Extended UL TBF invocation/revocation decision.

1. No of PDUs in the buffer

2. Rate of arrival

3. Mean Inter PDU arrival delay

4. Inter arrival delay between blocks of data (self similarity analysis) 

Simple heuristics built around the above four parameters can be sufficient to arrive at a decision. As the process of decision making itself is a matter of implementation, the analysis provided here is to justify the gains from such an approach. 
Typical values at the network for extended UL TBF timer is from 3-5 sec. We also know that the typical time taken for a TBF establishment is around 600ms (assuming two phase access). The overall gains from avoiding extended UL TBF for some applications (resource savings at the network and power savings at the UE) can be understood by calculating the average application usage time per user and the user behaviour reflected in the average number of ON/OFF periods (explained below) for such applications.

User behaviour has a major effect on the nature of traffic generated by different applications. As such in trying to characterize any application traffic, user behaviour modelling is crucial. In a web application the time between two consecutive pages is related to the reading time of the users. As the human perception of time follows a normal distribution in the logarithmic scale, the time between pages result to be sub-exponentially distributed. Sub-exponential distributions such as Pareto or Weibull have been suggested to characterise this parameter. The time between the user’s requests is often referred to as the “thinking time” or reading time. The “thinking time” is modelled by a lognormal Weibull, exponential [1]

 REF _Ref251660456 \r \h 
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 \* MERGEFORMAT [3]. The Weibull distribution is defined as 
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A user’s surfing behaviour can be described by the ON/OFF process [4]. Specifically, an active user stays in either the ON period or the OFF period at a time and the periods alternate until the user session ends. Figure 1 illustrates this model. A user request for a Web page marks the beginning of an ON period. The ON period ends when downloading of the Web page is complete and the Web page is rendered on the user’s computer screen. A Web page may be composed of more than one file, in particular, the containing HTML file and embedded Web objects such as images and scripts. As a result, the ON period can be further divided into transfer times of all the Web objects that constitute the Web page. An active OFF time, following the transfer of each Web object, models the lump sum of all the processing overhead , including establishing the network connection, parsing the HTML file, rendering the objects on the screen and so on. The OFF period, termed as inactive OFF time as opposed to active OFF time, models the time when the user “consumes” the Web page after the Web page is available to the user. During that time, the user reads the Web page and perhaps thinks for a while before s/he clicks a hyper link or issues a new URL requesting for next Web page, which ends the OFF period and starts the next ON period, and the process repeats.
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Figure 1: ON/OFF process for modelling user’s surfing behaviour

The time between the user’s requests is often referred to as the “thinking time” or reading time or the Inactive OFF period in Figure 1.
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Figure 2: CDF of the thinking time for web surfing users
Figure 2 provides the CDF of the thinking time for a typical web surfing session. In this figure it can be seen that for about 25% of the time the user thinking time is < 5 sec which is the upper bound for the inactive period in Extended UL TBF. This means that 75% of the times the user think time is greater than 5 sec, where the benefits of Extended UL TBF may not apply.
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Figure 3: CDF of the thinking time for different applications

Figure 3 provides the CDF of the thinking time for a class of typical smart phone applications. In this figure it can be seen that for about 30% of the time the user thinking time is < 5 sec for three applications out of the considered 5 applications. This means that 70% of the times the user think time is greater than 5 sec for most of the applications and hence the benefits of Extended UL TBF will not apply. It has to be understood that the analysis provides a trade-off point for opting for the signalling overhead due to TBF reestablishment and the resource wastage due to applied Extended UL TBF.
Game (cricket)        :  a = 20, b = 0.3 

Chat                       :  a =75, b = 0.3
Social networking    :  a = 20, b = 0.75
Web surfing            :  a = 35.63, b = 0.59

Game (online Chess): a = 75, b = 0.75
Considering the 0.3 CDF value, It can be seen that more than 50% of mobile data applications on a typical GPRS smart phone do not benefit from Extended UL TBF and as such Extended UL TBF for such applications can be turned off.
As a thumb rule, if any application exhibits CDF of 0.3 and below (at an extended UL TBF value of 5 seconds) Extended UL TBF can be turned OFF with a slight signalling overhead.
3. Triggering/terminating Extended UL/Delayed DL TBF
Based on the provided analysis, it is useful to support a per TBF enablement of Extended UL TBF. Multiple deployment options exist:

1. Start with Extended UL TBF….after CDF analysis – terminate the extended UL TBF if not needed

2. Start with normal TBF…based on CDF analysis – trigger Extended UL TBF

A simple indicator called the “Extended UL TBF applicability indicator” can be used to switch a TBF from extended UL TBF to normal TBF and vice versa. This indicator can be sent in the RLC/MAC header itself to indicate a switch from one mode to another.

4. Proposal

1. Support per TBF level extended UL TBF provisioning based on data analysis at the at the SNDCP level and indicating to the RLC/MAC
2. The UE/Network should be able to switch from non extended UL TBF mode to an Extended UL TBF mode and vice versa based on the triggers derived from the application/SNDCP at the RLC/MAC level.
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APPENDIX:

Changes to 44.060

++++++++++1st Change++++++++++++++++++++++++++++++
10.2.2
Uplink RLC data block

The Uplink RLC data block together with its MAC header is formatted as shown in figure 10.2.2.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	

	Payload Type
	Countdown Value
	SI
	R
	MAC header

	ETAI
	PI
	TFI
	TI
	Octet 1

	
	
	
	BSN
	
	
	
	E
	Octet 2

	Length indicator
	M
	E
	Octet 3 (optional)

	.
.
.
	.

.

.

	Length indicator
	M
	E
	Octet M (optional)

	
	
	
	
	
	
	
	
	Octet M+1 \

	
	
	
	TLLI
	
	
	
	Octet M+2 } (optional)

	
	
	
	
	
	
	
	
	Octet M+3 /

	
	
	
	
	
	
	
	
	Octet M+4 /

	PFI
	E
	Octet M + 5 /

	
	
	
	
	
	
	
	
	Octet M+6 

	
RLC data
	.

.

.

	
	
	
	
	
	
	
	
	Octet N-1

	
	
	
	
	
	
	
	
	Octet N

	
	
	spare
	
	
	spare
	
	(if present)


NOTE:
The field mapping convention for GPRS (sub-clause 10.0b.3.1) applies. According to that, in particular regarding the TLLI field, the most significant byte of the TLLI value shall be mapped on octet M+1 and the least significant byte of the TLLI value shall be mapped on octet M+4 of the uplink RLC data block.

++++++++++End of 1st Change++++++++++++++++++++++++++++++

++++++++++2nd  Change++++++++++++++++++++++++++++++

10.3a.4
EGPRS Uplink RLC/MAC header

10.3a.4.1
Header type 1: header for MCS-7, MCS-8 and MCS-9

The EGPRS combined uplink RLC/MAC header for MCS‑7, MCS‑8 and MCS‑9 (header type 1) shall be formatted according to figure 10.3a.4.1.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	Spare
	PI
	RSB
	CPS
	5

	
	
	Spare
	ETAI
	6


Figure 10.3a.4.1.1: EGPRS uplink RLC data block header (FANR not activated)
for MCS-7, MCS-8 and MCS-9.

For a TBF with FANR activated, the uplink RLC/MAC header for MCS-7, MCS-8 and MCS-9 shall be formatted according to figure 10.3a.4.1.2.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	PANI
	PI
	RSB
	CPS
	5

	
	
	Spare
	ETAI
	6


Figure 10.3a.4.1.2: EGPRS uplink RLC data block header (FANR activated)
for MCS-7, MCS-8 and MCS-9.

10.3a.4.2
Header type 2: header for MCS-6 and MCS-5 

The EGPRS combined uplink RLC/MAC header for MCS‑5 and MCS‑6 (header type 2) shall be formatted according to figure 10.3a.4.2.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	CPS
	BSN1
	3

	Spare
	ETAI
	Spare
	PI
	RSB
	CPS
	4

	
	Spare
	5


Figure 10.3a.4.2.1: EGPRS uplink RLC data block header (FANR not activated)
for MCS-5 and MCS-6

For a TBF with FANR activated, the uplink RLC/MAC header for MCS-5 and MCS-6 shall be formatted according to figure 10.3a.4.2.2.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	CPS
	BSN1
	3

	Spare
	ETAI
	PANI
	PI
	RSB
	CPS
	4

	
	Spare
	5


Figure 10.3a.4.2.2: EGPRS uplink RLC data block header (FANR activated)
for MCS-5 and MCS-6
10.3a.4.3
Header type 3 : header for MCS-4, MCS-3, MCS-2 and MCS-1 

The EGPRS combined uplink RLC/MAC header for MCS‑1, MCS‑2, MCS‑3 and MCS‑4 (header type 3) shall be formatted according to figure 10.3a.4.3.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	CPS
	BSN1
	3

	
	Spare
	PI
	ETAI
	SPB
	CPS
	4


Figure 10.3a.4.3.1: EGPRS uplink RLC data block header (FANR not activated)
for MCS-1, MCS-2, MCS-3 and MCS-4

For an EGPRS TBF with FANR activated and for EGPRS2, the uplink RLC/MAC header for MCS-1, MCS-2, MCS-3 and MCS-4 shall be formatted according to figure 10.3a.4.3.2.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	CPS
	BSN1
	3

	
	PANI
	PI
	ETAI
	SPB
	CPS
	4


Figure 10.3a.4.3.2: EGPRS (FANR activated)/EGPRS2 uplink RLC data block header
for MCS-1, MCS-2, MCS-3 and MCS-4
As the RSB bit is not  relevant in this case, it is replaced by the ETAI bit.
10.3a.4.4
Header type 4: header for UAS-7, UAS-8 and UAS-9

The combined uplink RLC/MAC header for UAS-7, UAS-8 and UAS-9 (header type 4) shall be formatted according to figure 10.3a.4.4.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	ETAI
	PANI
	PI
	CPS
	5

	
	
	
	
	
	
	
	Spare
	6


Figure 10.3a.4.4.1: Combined uplink RLC data block header
for UAS-7, UAS-8 and UAS-9.

10.3a.4.5
Header type 5: header for UAS-10 and UAS-11

The combined uplink RLC/MAC header for UAS-10 and UAS-11 (header type 5) shall be formatted according to figure 10.3a.4.5.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	BSN3
	5

	CPS
	BSN3
	6

	
	
	
	
	Spare
	ETAI
	PANI
	PI
	7


Figure 10.3a.4.5.1: Combined uplink RLC data block header
for UAS-10, UAS-11.

10.3a.4.6
Header type 6: header for UBS-5 and UBS-6

The combined uplink RLC/MAC header for UBS-5 and UBS-6 (header type 6) shall be formatted according to figure 10.3a.4.6.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN
	TFI
	2

	CPS
	BSN
	3

	
	
	
	Spare
	ETAI
	PANI
	PI
	CPS
	4


Figure 10.3a.4.6.1: Combined uplink RLC data block header
for UBS-5, UBS-6.

10.3a.4.7
Header type 7: header for UBS-7 and UBS-8

The combined uplink RLC/MAC header for UBS-7 and UBS-8 (header type 7) shall be formatted according to figure 10.3a.4.7.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	Spare
	ETAI
	PANI
	PI
	CPS
	5


Figure 10.3a.4.7.1: Combined uplink RLC data block header
for UBS-7, UBS-8.

10.3a.4.8
Header type 8: header for UBS-9 and UBS-10

The combined uplink RLC/MAC header for UBS-9 and UBS-10 (header type 8) shall be formatted according to figure 10.3a.4.8.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	BSN3
	5

	CPS
	BSN3
	6

	
	
	
	
	Spare
	ETAI
	PANI
	PI
	7


Figure 10.3a.4.8.1: Combined uplink RLC data block header
for UBS-9, UBS-10.

10.3a.4.9
Header type 9: header for UBS-11 and UBS-12

The combined uplink RLC/MAC header for UBS-11 and UBS-12 (header type 9) shall be formatted according to figure 10.3a.4.9.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	BSN3
	5

	BSN4
	BSN3
	6

	CPS
	BSN4
	7

	Spare
	ETAI
	PANI
	PI
	CPS
	8


Figure 10.3a.4.9.1: Combined uplink RLC data block header
for UBS-11, UBS-12.

++++++++++End of 2nd Change++++++++++++++++++++++++++++++

++++++++++3rd Change+++++++++++++++++++++++++++++++++++

10.4.24
Extended UL TBF Applicability Indicator (ETAI)

The Extended UL TBF Applicability Indicator (ETAI) bit indicates whether the Extended UL TBF is applicable for that TBF. The setting of this field is shown in table 10.4.24.1.

Table 10.4.24.1: Resent block bit

	bit
	

	0
	Extended UL TBF not applicable

	1
	Extended UL TBF is applicable


++++++++++End of 3rd Change++++++++++++++++++++++++++++++


































