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Discussion Paper: The Influence of TSC Position in the New Slot on the Link Performance
1 Introduction

In order to increase the data rates in GERAN Evolution, a new slot format is presented in [1]. The new slot format is the aggregation of the legacy slots and contains only one TSC (Training Sequence Code), while the rest of the slot is an uninterrupted stream of data.

As mentioned in [1], removal of the TSC is not a problem for channel estimation and equalization processes from the view point of a receiver, because there are feasible channel estimation and equalization techniques to solve the problem. In this paper, we will discuss the influence of channel tracking and TSC position in the new slot format on the performance of equalization. Our simulation results show that the TSC position affects performance of the equalization receiver whether it’s employed LMS channel tracking or not. 

Sec. 2 presents different slot formats in the link performance evaluation. Simulation results are included in Sec. 3 and conclusions are given in Sec. 4.
2 New slot formats in simulation
In modern mobile communication, coherent time 
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 of the wireless channel is defined as [2] 
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 is the wave-length of carrier,
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 is the velocity of mobile terminal and 
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 is the maximum Doppler frequency. At 250km/h, 
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 is about 2.03ms for 900MHz GSM system, a little shorter than the time duration of 4 legacy slots.  So the maximum number of legacy slots we used in the new slot aggregation is 4 because the RA250 is the fastest fading channel in our simulation.

According to the rule of aggregation and the maximum number of slots, we use three new slot formats in the simulation, aggregation of two slots, three slots and four slots. As the current rule of aggregation, the position of TSC in the new slot is relatively not changed, and just remains in one of the legacy slots in the aggregation, referring to Figure 1-3 (a) (a little difference from the slot format in [1] on the guard period). In the new slot format we will find the lengths of data block before the TSC and data block following the TSC are not equal, and will induce the unbalance of channel estimation or channel tracking for the two data blocks. Furthermore, the unbalance will lead to demodulation and block error performance losses. 

In order to evaluate the performance degradation, two types of new slot format are used in the simulation. One is that TSC remains in the first slot, denoted by Type A; another is that the TSC located at the middle of the new slot, denoted by Type B. Figure 1 to Figure 3 show the details. As we know, the channel tracking makes the receiver more robust to the channel fluctuation and may influence the decision for the TSC position scheme. We include the LMS channel tracking in Viterbi algorithm [4] in our simulations to discuss this effect.

For the simulation convenience, the 0.25
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n
 symbols of guard period form n legacy slots are moved into the new guard period in the new slot. For instance, the guard period in the aggregation of two slots is 8.5 symbols and the guard period in the aggregation of three slots is 8.75 symbols.
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Figure 1.  Aggregation of two slots
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Figure 2. Aggregation of three slots
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Figure 3. Aggregation of four slots
3 Simulation results
In the following, the simulation results are presented to show the influence of the TSC position in the new slot on the link performance. 

In the simulation, both GMSK and 8PSK modulation are applied. The wireless channel model used in the simulation is TU50, HT100 and RA250, which defined in [3]. Figure 4 to Figure 21 are the simulation results and the meaning of labels in the legend are listed as follow, 

	Type
	Description

	Type_A_ChTrac
	TSC in the first slot and receiver with channel tracking

	Type_B_ChTrac
	TSC in the middle of new slot and receiver with channel tracking

	Type_A_NoChTrac
	TSC in the first slot and receiver without channel tracking

	Type_B_NoChTrac
	TSC in the middle of new slot and receiver without channel tracing


Table 1.  Description of curve
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Figure 4. BER of GMSK modulated new slot aggregation of two slots , TU50
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Figure 5. BER of GMSK modulated new slot aggregation of three slots, TU50
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Figure 6. BER of GMSK modulated new slot aggregation of four slots, TU50
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Figure 7. BER of GMSK modulated new slot aggregation of two slots, HT100
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Figure 8. BER of GMSK modulated new slot aggregation of three slots, HT100
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Figure 9. BER of GMSK modulated new slot aggregation of four slots, HT100
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Figure 10. BER of GMSK modulated new slot aggregation of two slots, RA250
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Figure 11. BER of GMSK modulated new slot aggregation of three slots, RA250
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Figure 12. BER of GMSK modulated new slot aggregation of four slots, RA250
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Figure 13. BER of 8PSK modulated new slot aggregation of two slots, TU50
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Figure 14. BER of 8PSK modulated new slot aggregation of three slots, TU50
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Figure 15. BER of 8PSK modulated new slot aggregation of four slots, TU50
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Figure 16. BER of 8PSK modulated new slot aggregation of two slots, HT100
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Figure 17. BER of 8PSK modulated new slot aggregation of three slots, HT100
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Figure 18. BER of 8PSK modulated new slot aggregation of four slots, HT100
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Figure 19. BER of 8PSK modulated new slot aggregation of two slots, RA250
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Figure 20. BER of 8PSK modulated new slot aggregation of three slots, RA250
	[image: image28.emf]0 2 4 6 8 10 12 14 16 18 20

10

-2

10

-1

10

0

8PSK-RA250-Aggregaion-of-four-slots

Eb/N0

BER

Type-A-ChTrac

Type-B-ChTrac

Type-A-NoChTrac

Type-B-NoChTrac


Figure 21. BER of 8PSK modulated new slot aggregation of four slots, RA250


For convenience of compare, when the TSC is located in the middle of the new slot, the performance gains at BER level of 7% for GMSK are summarised in the table 2.

	Channel

type
	Aggregation of two slot
	Aggregation of three slot
	Aggregation of four slot

	
	ChTrac
	NoChTrac
	ChTrac
	NoChTrac
	ChTrac
	NoChTrac

	TU50
	0.0
	0.1
	0.1
	0.2
	0.2
	0.5

	HT100
	0.1
	0.3
	0.5
	1.5
	1.2
	>3

	RA250
	0.7
	1.5
	2.0
	>3
	>3
	>3


Table 2.   Performance gain (dB) at the BER level of 7%, GMSK
It’s obvious that receiver gets better performance when the TSC is located in middle of the new slot, especially under faster fading channel, such as RA250; for instance, at the BER level of 10% for GMSK modulation, aggregation of four slots and receiver with channel tracking, the performance gain is about 3dB under RA250 (Figure 12), while 1.0dB under HT100 (Figure 9). More instances can be seen in table 2. This phenomenon can be explained by following description. If the TSC is always located in the first slot, the lengths of data block before and behind the TSC are not equal, and the estimation error variance of the channel estimation for the two blocks is not equal. This will lead to the overall performance degradation of the receiver. While the TSC is located in the middle of new slot, the channel estimation for the two blocks is balanced. The fading in RA250 is faster than that in HT100. To the same new slot in which the TSC is located in the first slot, the unbalance of channel estimation in RA250 is more serious, and more improvement can be obtained by putting the TSC in the middle position of new slot. 
At the same time, the performance gain is sensitive to the number of legacy slots in the new slot aggregation. The more legacy slots in the aggregation, the more gain will be obtained. For instance, at the 10% BER for 8PSK modulation under HT100, the gain is 1.7dB (Figure 18) for aggregation of four slots and only 0.8dB (Figure 17) for aggregation of three slots, 0.1dB for aggregation of two slots. And the statistical data in table 2 shows the gain’s trend more clearly. To the new slot aggregation in which the TSC located in the first slot, the more slots used in new slot aggregation, the larger difference between the length of the two data blocks, and the more unbalance induced in channel estimation for two data blocks.

The simulation results also show that when the equalization receiver without channel tracking, the BER performance is more sensitive to the position of TSC in the new slot. Although the time duration of new slot in the simulations is shorter than the coherent time
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, fading over the time duration is changing slowly. If the equalization does not track the slowly changing channel, the mismatch of channel estimation will be raised as the equalization processes. Hence, the BER unbalance of the receiver without channel tracking is more serious than that of receiver with channel tracking.

For real application, we may have more interest on the performance gain of   8PSK modulated new slot aggregation of two slots. At the BER level of 2% under TU50, the performance gain is 0.3dB for receiver with channel tracking, and 1.0dB for receiver without channel tracking (Figure 13). More gains can be obtained under HT100 and RA250, refer to Figure 16 and Figure 19.
4 Conclusion

This paper discusses the influence of the TSC position in the new slot on the link performance. It is shown that the receiver performance can get significant improvement if the TSC is located in the middle of the new slot under fast fading channel, whether the equalization receiver employs channel tracking or not, and the gain increases with the order of modulation.

The TSC position in the new slot format not only has influence on equalization performance in the noise-limited environment, but also has an effect on IRC performance in the interference-limited environment. The influence of the TSC position on IRC performance should be investigated in the future.

It is proposed to include this text into the feasibility study on future GERAN evolution.
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� The new slot is the aggregation of n legacy slots; n may equals 2, 3, 4 or more.
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