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TBF Handover Simulation Results
1. Introduction

TBF handover is proposed as a means to enhance the GERAN shared channel performance. A number of benefits have been identified including lower PCCCH load, shorter service outage time, easier radio resource management and avoidance of unnecessary block retransmissions. In this document we present simulation results for the amount of data that is unnecessarily retransmitted due to RLC reset when a cell reselection is carried out at a particular moment in time. The intention is to show the gain, which can be achieved if the operation of the RLC protocol can continue throughout the cell change. This is possible in case the TBF handover is used and the network side RLC protocol end point does not change
.

The presented distributions correspond to the amount of data that has been correctly received in the mobile station but remain still inside the RLC window in the transmitter side. Thus they are retransmitted if cell reselection occurs before the window is moved
. From the results it can be seen that cell reselection may cause a high number of unnecessary block retransmissions. This is the case especially when the file to be transferred is large and is emphasized by infrequent polling and low C/I.

In these simulations scheduling / RRM issues were not considered. It was assumed that there is only one MS and all the capacity that was needed was given to the MS. Cell reselection / TBF handover criteria were not modeled. TCP protocol was modeled deterministically (real protocol behavior).

2. REsults

2.1 Assumptions

Key simulation parameters are presented in table 1.
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Table 1 Key simulation parameters

Polling interval was once in every 20 or 50 data blocks. With MSC7 and MCS9 this corresponds to 10 or 25 radio blocks which assuming two timeslots means 100ms or 250ms polling interval. In case of MCS5 there is one data block in every radio block. Consequently, with two time slots the polling interval was 200ms or 500ms. In addition to periodic polling the network polled the MS also after sending the last block remaining in the buffer. C/I was 10, 15 or 20dBs. The simulations were run using two different http file sizes 1Mbyte and 100kbyte. For smaller file sizes the values are likely to be smaller as the amount of time that the "bulk" data transfer is ongoing is shorter. However, it should be remembered that in case of http the web page downloading consists of several smaller objects which can be "pipelined" to arrive immediately one after another. Consequently, the amount of data to be transferred over the radio as one "burst" can be significantly larger than what can be assumed from the size of one object.
2.2 Summary

Cumulative probability distributions for different simulation scenarios are presented in the appendix A and B. In tables 2 and 3 below a summary of the results is presented. These tables represent the 90% crossing point in the distributions for different cases. The interpretation of the values is that in 90% of the cases the amount of unnecessary retransmissions is below the value and respectively in 10% of the cases the amount of retransmissions is above the value. Table 2 shows the values in bytes while in table 3 bytes have been transformed into blocks using the corresponding block sizes (MCS5=448bits, MCS7 896bits, MCS9=1184 bits).
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Table 2. The 90% point in cumulative distribution (bytes) for 1Mbyte file transfer

[image: image3.wmf]Polling interval 20

CIR=10

CIR=15

CIR=20

MCS5

68

41

27

MCS7

45

31

25

MCS9

34

22

22

Polling interval 50

CIR=10

CIR=15

CIR=20

MCS5

107

80

57

MCS7

63

45

38

MCS9

44

34

34


Table 3. The 90% point in cumulative distribution (blocks) for 1Mbyte file transfer

It can be seen that tens of blocks would be unnecessarily retransmitted in the target cell if cell reselection would be triggered at a given time. The actual amount of retransmission is naturally larger than this as these results contain only correctly received blocks that have to be retransmitted. 
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Table 3. The 90% point in cumulative distribution (bytes) for 100kbyte file transfer
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Table 4. The 90% point in cumulative distribution (blocks) for 100kbyte file transfer

3. Conclusions

The presented results indicate that when large files are transferred there can be relatively lot of data inside the RLC window. Most of this data is correctly received but regardless of this it needs to be retransmitted in case cell reselection is triggered before the window is moved. The phenomenon is caused by the RLC behavior and emphasized by infrequent polling and low C/I. For short file transfer this may not be significant issue but in case of large web page, file transfer or downloading of video the amount of data may become large and the problem significant. Naturally, long file transfer also increases the probability of cell change, which makes the issue more problematic. 
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5. Appendix A Simulation REsults for 1Mbyte file

5.1 Polling interval 20
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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Figure 8
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Figure 9

5.2 Polling interval 50
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Figure 10
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Figure 11
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Figure 12
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Figure 13
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Figure 14
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Figure 15
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Figure 16
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Figure 17
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Figure 18

6. Appendix A Simulation REsults for 100kbytes file

6.1 Polling interval 20
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Figure 19

[image: image25.emf]The amount of unnecessary retransmissions

EGPRS, MCS5, CIR=15, poll 20, File:100kbytes

0

0,2

0,4

0,6

0,8

1

0 2000 4000 6000 8000 10000

Bytes

Cum. Prob.


Figure 20
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Figure 21
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Figure 22
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Figure 23
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Figure 24

[image: image30.emf]The amount of unnecessary retransmissions

EGPRS, MCS9, CIR=10, poll 20, File:100kbytes

0

0,2

0,4

0,6

0,8

1

0 2000 4000 6000 8000 10000

Bytes

Cum. Prob.


Figure 25
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Figure 26
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Figure 27

6.2 Polling interval 50
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Figure 28
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Figure 29
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Figure 30
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Figure 31

[image: image37.emf]The amount of unnecessary retransmissions

EGPRS, MCS7, CIR=15, poll 50, File:100kbytes

0

0,2

0,4

0,6

0,8

1

0 2000 4000 6000 8000 10000

Bytes

Cum. Prob.


Figure 32
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Figure 33
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Figure 34
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Figure 35
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Figure 36

� Also if the network supports RLC relocation.


� The presented results are slightly optimistic. This is due to data counter, which calculates the correctly received bytes on the receiver (MS) side of the model. When some data is moved to LLC layer and the MS sends an acknowledgement it assumes that this LLC PDU is never retransmitted. In reality in case the acknowledgement is lost and cell reselection takes place before the next acknowledgement this data must be retransmitted. This deficiency is only in the data collection part and was done to ease the modeling work to get the results faster. Because of this the presented distributions show somewhat smaller values than if this phenomenon was taken into account. The results give still rather precise illustration of the RLC window behavior and its impact on the amount of unnecessary retransmissions in case a cell reselection is triggered during the data transfer. 
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