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Performance Evaluation of 
Enhanced Flexible Timeslot Assignment
1 Introduction

In [1] the concept of Enhanced Flexible Timeslot Assignment, EFTA, was introduced - which allows for a much more flexible approach to handling the timeslot resources as compared to the regular system or even when using Flexible Timeslot Allocation, FTA.
Flexible Timeslot Assignment (FTA) is introduced in 3GPP Release 7. Before this, the BSS was required to respect the Sum parameter, as given by the mobile terminals multi-slot class, in a semi-dedicated fashion, i.e. on a per TBF assignment basis. With the FTA, the BSS may rather allocate the terminal according to the maximum number of timeslots for both downlink (Rx) and uplink (Tx) and thus ignore the constraint of the Sum parameter. However, still the Sum parameter must be respected dynamically on a per-radio block period basis.
Also, even when using FTA, the network has to estimate the traffic flow direction, and then use this estimation to allocate each terminal in the most optimum way according to its multi slot capabilities. Assuming for example a MS class 33 mobile terminal capable of 5+4=6 timeslots (which means that Rx=5, Tx=4 and Sum=6). This mobile terminal may then be assigned as e.g. 5+1 (5TS DL and 1TS UL) for downlink heavy traffic, 2+4 for upload heavy traffic and 3+3 otherwise, just as an example. The estimation of traffic flow direction is however very difficult to do in an optimal way, especially if this changes over time as is the case for many application types. 

With EFTA on the other hand this non-optimal traffic flow direction is no longer needed. By imposing a set of new rules as described in the previous discussion paper [1] and the accompanying CRs [2], [3] and [4],  the available bandwidth, can much better utilized in those cases where user plane payload is available for transmission. Also it will be possible to introduce mobiles supporting 8 timeslots per carrier and direction, without requiring as today that the mobile must be of TYPE 2, which means it has to support reception and transmission at the same time. 
More details are given in [1] and in the accompanying CRs [2], [3] and [4].
In order to highlight the benefits of EFTA, this paper evaluates the expected performance gain of EFTA for two different scenarios; the downloading of a 250kb web-page and the downloading of a 1MByte file using FTP – both of which are performed in a simulated environment.
2 Simulation Results
2.1 Simulator Setup

In this paper, as mentioned above, the downloading of a 250kb web-page and the downloading of a 1MByte file using FTP – both of which are performed in a simulated environment. Each simulation has been repeated around one hundred times with different seeds, in order to get better statistical relevance of the results. This has been done in fairly nice radio conditions with a mean C/I of 25dB on a TU3 channel.
Some of the most important simulator parameters and are as defined in Tables 1 and 2 below:
Table 1 - Radio environment related parameters and settings
	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Off

	Interference/noise
	Co-channel.

	Slow Fading
	No log-normal  fading but rather a fixed mean C/I=25dB has been used in addition to the fast fading.


Table 2 – Protocol and System related Parameters and Settings.
	Parameter
	Value

	Application Type
	1) Web Download of  250kb webpage á 50 objects using HTTP 1.1

2) FTP Download of a 1 Mbyte large file

	TCP
	maxSegmentSize=1460bytes, initialWindowSize=3, delayedAck = yes (200ms) etc.



	IP
	Header Size = 20bytes

	LLC
	LLC Unacknowled more. Header Size = 10 bytes, Max MTU size = 512 bytes

	RLC/MAC
	EGPRS level = EGPRS, 

TTI = BTTI

RLC Mode = RLC Acknowledge Mode



	Abis delay, UL/DL
	20ms / 20ms (fixed)


2.2 Results for Scenario 1: Web Surfing

In this scenario a web page of 250kb has been downloaded for each of the terminal configurations as specified in Table 1 below,:

Table 3 
Compared Terminal Configurations
	Config. No.
	Multislot Class

(DL+UL=MAX)
	Comment

	(A)
	33 (5+4=6)
	Regular timeslot assignment capable

	(B)
	33 (5+4=6)
	FTA capable 

	(C)
	33 (5+4=6)
	EFTA capable 

	(D)
	15 (5+5=10)
	TYPE2 terminal

	(E)
	Modified 33 (8+4=8)
	EFTA capable high-end terminal with swtiching times as per MS class 33

	(F)
	18 (8+8=16)
	TYPE2 state-of-the-art terminal


The radio environment chosen is quite a nice one, which renders a MCS usage pretty much as per Figure 1 below. This figure is not that important, but it’s purpose is mostly to illustrate that the radio quality is fairly good. No major differences are seen between the different configurations.
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Figure 1 – Relative frequence of the MCSs used in the downlink direction.

The interesting results are given in Figure 2 below, where the time needed to download the given web-page under the assumptions as listed above, are shown. 
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Figure 2 
The time to download a 250kbyte web page consisting of 


50 objects using HTTP 1.1.
First, let us look at the 5 TS downlink-cases, which are configurations (A) through (D), in Figure 1 above.  Clearly, the EFTA terminal (C) performs just as good as the TYPE2 terminal (D), but without the TYPE2 terminals increased complexity. The median improvement is around 8 seconds or 25%.
Of course, the state-of-the-art TYPE2 terminal (F) outperforms all other configurations. It may be a bit surprising that the high-end EFTA terminal (E) does not perform as good. The reason for this is that the receiving TCP entity (the terminal) frequently generates TCP Acks in the uplink direction. Every time one such TCP Ack needs to be transmitted, the mobile terminal has to switch to transmitting mode, which results in unusable downlink bandwidth. For MS class 33, the switching times Ttb and Trb are both 1, so that if the transmitted TCP Ack needs only one uplink timeslot, the total outage period when the downlink cannot be utilized including the switching times will be 3 TS. This leaves 5TS left for downlink transfer, and hence the similarity in performance between the two EFTA terminals (C) and (E).
To the left in Figure 2 below, the number of “collisions” is shown. Here the term “collisions” is used to denote the number of downlink transmitted radio blocks that could not be received in the mobile terminal due to the fact that the terminal had already switched to transmission of uplink data, and thus making it impossible for the terminal to receive data at the same time. This is of course only applicable for the EFTA configurations.
To the right of Figure 2, the average number of transmissions needed (including retransmissions) for each original RLC PDU is shown. 
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Figure 3
  Left: 
The number of collisions (=failed reception in terminal due to simultaneous 


uplink transmission).


Right: 
The total number of needed transmissions per RLC PDU.
A can be seen from Figure 3 above, the collisions and their impact on the number of transmissions needed are quite negligible in the EFTA configuration (C). However, for the high-end EFTA terminal (E), the amount of collisions and retransmissions increase. This is an explanation to why the performance of EFTA configuration (E) was not higher in Figure 1 and Figure 2. These problems may however be largely avoided as will be seen in the next section.
2.3 Results for Scenario 2: FTP Download 

There it was seen that there may be potential issues with EFTA and allocating many downlink timeslots and the collisions if not taking care, as was seen for case (E). However, by smart implementation and scheduling, these problems may be avoided. One such approach would be not to schedule the uplink every TTI, but rather more seldom. This will delay the TCP Acks slightly, but will avoid much of the switching back and forth between reception and transmission.  
In the scenarios evaluated here, the settings are thus the same as specified in Sections 2.1 and 2.2 earlier, with the different that for configuration (E) (the 8+4=8 EFTA terminal) the uplink is only scheduled every 3rd TTI, in analogy with the reasoning above. 

The traffic consists of a 1Mb file having been downloaded for each of the same terminal configurations as specified in Table 1 in Section 2.2, and Figure 4 on the following page, shows a CDF over the download time for each such configuration. 
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Figure 4 
The time to download a 1 MByte file using FTP.

As can be seen from Figure 4 above, it is evident that the performance gain from EFTA may be significant and obviously comes from the possibility to have 8 downlink timeslots even without the increased complexity of the state-of-the-art TYPE2 terminal (F). In this scenario, the median download times are decreased by nearly 35% compared to the configurations (A) through (D).
3 Conclusions and Discussion
The simulation results provided in this paper clearly shows the benefit of the EFTA concept.  In the simulated scenarios, a typical 250kByte large web page was downloaded around 25% faster and a 1Mbyte file was downloaded using FTP around 35% faster. 
With respect to this, and the benefits as listed in [1], it is suggested that the CR’s of [2], [3] and [4] should be endorsed by GERAN #40.
. 
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