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Provisioning Extended UL TBF and delayed DL TBF on a per TBF basis
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 [1] [2]. It is thus appropriate to discuss the conditions under which to invoke the extended UL/Delayed DL TBF as much as it is relevant to discuss possible optimizations [1] [2] once the extended UL and Delayed DL TBF are invoked. In order to fully benefit from Extended UL and Delayed DL TBF feature while minimizing any resource/power overhead when such a feature is invoked but not utilized, a proper mechanism to turn ON/OFF Extended UL/Delayed DL TBF at the RLC/MAC on a per TBF basis is necessary.

2. analyzing the criteria for invoking Extended UL/Delayed DL TBF
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/Delayed DL TBF. Intuitively speaking, the application class that can benefit most are the “Interactive QoS Class” applications, ex: Web, IM etc. The benefit of extended UL, delayed DL TBF on other QoS class applications like background class, streaming and real-time QoS classes can be considered negligible. In order to have a proper metric based on which to invoke Extended UL/Delayed DL TBF, an understanding of the QoS class of the application alone may not suffice and an understanding of the data flows at the RLC/MAC or SNDCP level is needed. What is needed is a characterization of the different application types and the subsequent nature of traffic at the SNDCP or RLC/MAC level due to such applications so that appropriate decision can be taken on invoking Extended UL/Delayed DL TBF.
Having stated that the “Interactive QoS Class” applications, ex: Web, IM etc are the ones that benefit the most from Extended UL/Delayed DL TBF, there needs to be a mechanism of identifying characteristics of data flow at the RLC/MAC so that a user/network can invoke Extended UL/delayed DL 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.
When less data is available to make such a judgement, previous statistical information can be used to bias the triggering or terminating of Extended UL or delayed DL TBF at the RLC/MAC.
3. Analyzing Data at the RLC/MAC (or SNDCP) for extended UL TBF/Delayed DL TBF applicability
The basis of data analysis at the RLC/MAC level is critical in deciding on whether Extended UL/Delayed DL TBF is applicable for a TBF. The analysis of the data at the RLC/MAC should be reflective of the application specific data characteristics. Some characteristics of the data from applications is provided below. It would also be better to analyze the data characteristics at the SNDCP level and subsequently indicating the decision to RLC/MAC for Extended UL/Delayed DL applicability. Some application data characteristics are provided:
1) VoIP traffic: VoIP traffic is assumed to have exponentially distributed on and off times, both with an average duration of 7 s [5]. A VoIP frame is sent every 20 ms during the on periods.
2) Web traffic: Web traffic yields mostly short flows. The file sizes are drawn from a Pareto distribution with a mean of 30458 bytes and the shape parameter set to 1.7584 [4]. When a user has finished a transfer there is an exponentially distributed waiting time with an average of 0.5 s before the next transfer begins.

In case 1 there is no need to invoke Extended UL/Delayed DL TBF where as in case 2 it can be invoked for obvious benefits.
From [6] Voice-over IP (VoIP) and VBR video traffic are typically SRD (Short Range Dependence); HTTP and Ethernet traffic are mostly LRD (long-range dependence). Various traffic filters to sense and characterize traffic (e.g. SRD or LRD) on the fly have been proposed in [6]. The real-time traffic pattern detection (RTPD) argument is that if the SNDCP or RLC/MAC has RTPD filters, it can use the RTPD-sensed result to invoke Extended UL/Delayed DL TBF. Such filters can identify heavy-tailed traffic patterns [6] or differentiate between heavy-tailed and self-similar patterns.
Data analysis will have to be done before a TBF is released, so the quantum of data needed before such a decision can be made is a critical one. If sufficient data is available, the Extended UL TBF request can be made by a UE after measurements or a UE can start with extended UL TBF but revoke the same if the data pattern suggests no gains from extended UL TBF. Historical/Statistical information can also be used to augment the analysis. 

The following four main data characteristics provide a good basis for Extended UL/Delayed DL 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, guidelines can be provided on the right filters to identify specific traffic patterns. What needs to be standardized is the mechanism of indicating applicability of Extended UL/Delayed DL TBF for any given TBF.
4. Triggering/terminating Extended UL/Delayed DL TBF
Based on the quantum of data and the afforded data analysis multiple options exist:

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

2. Start with normal TBF…based on data analysis/appropriate triggers – trigger Extended UL TBF

3. Similarly on the DL.
A simple indicator called the “Extended UL /Delayed DL TBF applicability indicator (EDTAI)” can be used to switch a TBF from extended UL/Delayed DL 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.

This indicator can also be sent from the network to a UE in one of the assignment messages (Ex: Packet downlink assignment, PUA, Packet timeslot reconfiguration message etc). 
In conclusion it is proposed to have an indicator to provision Extended UL /Delayed DL TBF on a per TBF basis. There are resource and power gains from such a provisioning.
5. Proposal

1. Support per TBF level extended UL/delayed DL TBF provisioning based on data analysis at the at the RLC/MAC or SNDCP level.
2. The UE/Network should be able to switch from non extended UL/Delayed DL TBF mode to an Extended UL/Delayed DL TBF mode and vice versa based on certain triggers derived from the data flow measurements at the RLC/MAC or SNDCP.
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