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1 Introduction

In this contribution, some comparisons are made between link level results for E-DCH with 2ms and 10ms TTI length. H-ARQ is considered and Chase Combining (CC) is assumed as soft combining method. The influence of outband signaling (overhead and errors) on the overall performance is taken into account.

2 Simulation assumptions

For the E-DCH simulations, it is assumed to have data channel and outband signaling time multiplexed [1], considering both 2ms and 10 ms TTI. H-ARQ is considered and CC is performed when needed. Different maximum number of transmissions is used with different TTI length. The parameters used in the simulations are shown in Table 1.

Table 1 Simulation parameters

	Parameter
	Value

	Chip rate
	3.840 Mcps

	Carrier frequency
	2 GHz

	Channel model
	Pedestrian A (3 km/h), VehicularA (30km/h)

	NodeBs
	1

	Frame structure
	2 TrCh (TTI=2 or 10ms), time multiplexed

	Data rate
	144 kbps, 384 kbps, 768kbps (2 codes)

	Outband information
	3 bits per TTI

	H-ARQ
	Chase combining (for data channel only)

	Max number of transmissions
	2/4 

	ACK/NACK signaling
	No errors

	Close loop Power Control
	ON (error: 4%), 1dB step

	Outer Loop Power Control
	OFF

	DPCCH/DPDCH power ratio
	-9.54 dB 

	Channel Estimation
	 DPCCH (6 pilots)

	Receiver
	Rake

	Rx Antennas
	2

	Turbo decoder
	Max Log MAP, 8 iterations


3 Outband signaling influence

In this paragraph, it is shown how the outband signalling channel influences the link performance of E-DCH. Outband information makes the nodeB aware of parameters needed in order to perform soft combining (e.g. CC) of different transmissions [1,2]. 

The first effect to take into account is the power overhead determined by the presence of outband information [2,3]. The overhead is particularly heavy for 2msTTI, because the same number of outband bits need being accommodated in a space smaller than in the case of 10msTTI. In order to keep the overhead to a reasonably low level, 3 outband information bits are considered. It is worth noting how the outband information need protection against errors: convolutional coding and CRC have to be taken into account.

Besides, detected errors in the outband information prevents the soft combining of different instances (i.e. retransmissions) of the same data packet, forcing a retransmission and so lowering the final throughput [2,3]. 

In the results shown throughout this contribution, both effects are taken into account, simulating the presence of outband signalling and considering the possibilities of (outband) detected errors. The effect of undetected errors, that could possibly trigger RLC retransmissions [2], is not taken into account.

In Figure 1 it is shown the throughput performance of 144 kbps with 2ms TTI in PedA, using Chase combining with 4 maximum transmissions. The figure compares the performance obtained in an ideal situation, with no errors in the outband signalling, with the one obtained when the effect of detected errors is taken into account. 
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Figure 1 Throughput comparison of 144 kbps, 2msTTI, with and without detected outband errors

As can be clearly seen, the realistic curve shows degradation compared to the other one, which is particularly heavy for low SNR values, where the throughput is quite low (and the 1st transmissions BLER high). 

The same comparison is done in the 10msTTI case in Figure 2, where the number of allowed transmissions is only 2. Even in this case, it is possible to see how the performance degrades when outband errors are taken into account.
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Figure 2 Throughput comparison of 144 kbps, 10msTTI, with and without detected outband errors

Comparing Figure 1 and Figure 2, it is however clear that the performance degradation due to the influence of the outband signalling is more relevant in the case of 2msTTI. This is mostly due to the bigger overhead in the 2msTTI case compared to the 10msTTI. Also, more retransmissions for 2 ms TTI imply more possibilities for errors in the outband signalling.

4 10msTTI versus 2msTTI: link performance

In this paragraph the link performance obtained with 10ms TTI and 2ms TTI are compared. The assumptions done for the comparison are the same introduced so far.  Chase combining is used for data channel, with possibly different number of allowed transmissions, according to the TTI length. The simulations performed considered the presence of possible detected errors in the outband channel, which prevent the soft combining and force retransmission, lowering the measured throughput.

In Figure 3 the throughput of 144kbps and 384kbps in PedA are compared, showing the performance obtained with 10 ms and 2ms TTI.
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Figure 3 Performance comparison between 2ms and 10ms TTI: throughput of 144kbps and 384kbps in PedA

The simulations performed used CC for the data channel, allowing a maximum number of 2 transmissions for 10ms TTI and 4 transmissions for 2ms TTI (as it was done, for example, in [4,5]): the resulting maximum Air Interface (AIF) delay is 40ms for all cases.

As can be seen, the 2ms TTI option offers some small advantage only for low throughput values, corresponding to high 1st transmission BLER (see Figure 5), otherwise 10ms TTI gives better performance, for both 144kbps and 384kbps data rates. 

Let’s suppose, for example, that the target data rate experienced by the user should be around 130kbps. Now, this could be obtained using a peak data rate of 144kbps and working at a SNR of -14.5dB (10% BLER, with 10msTTI, see Figure 4). Alternatively, the same target data rate could be obtained using 384kbps, but in this case, either with 2ms or 10ms TTI, the required received SNR would be higher (around –13.7dB). Besides, in order to have that target rate with 384kbps, it would be necessary to work at very high 1st transmission BLER, around 90% (see Figure 5). It is worth noting that high 1st transmission BLER operative points have a significant impact on the complexity of the system, as remarked in [6]. 

From the AIF delay point of view, the following observations can be made, relative to the operative point discussed above:

· With 144kbps, 10ms TTI and 10% 1st transmissions BLER, on average 1.1 transmissions would be required, with an AIF delay of roughly 13ms

· With 384kbps, 2msTTI and 90% 1st transmission BLER, on average 3 transmissions would be required, with an AIF delay of 26ms (and a loss in capacity, with almost 0.8dB more required SNR, compared to the previous case)

· With 144kbps and 2ms TTI, 1.1 retransmissions would be required, with an average AIF delay of 3.2ms but a capacity loss compared to the corresponding 10ms case: around –13.8dB SNR would then be needed, 0.7dB more than in the 10ms case

In conclusion, it should be evident that is more convenient to operate the link with 144kbps and 10ms TTI, instead of using higher peak data rate with 2 or 10ms TTI, with a capacity and AIF delay advantage. It would be possible to reduce the AIF delay using 2ms TTI and 144kbps, but a trade-off with the capacity would then be required.

In Figure 4 it is shown the 1st transmission BLER obtained with 144kbps and 384kbps in PedA, both with 2ms and 10 ms TTI. Even from this point of view, it is quite clear how the 10ms choice is the most favourable. Only for very high BLER the 2ms option gives slightly better performance.
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Figure 4 Performance comparison between 2ms and 10ms TTI: 1st transmission BLER of 144kbps and 384kbps in PedA

In Figure 5 the region of high BLER (above 10%) of Figure 4 is depicted, to show where it is possible to have better link performance using the 2ms TTI option. It is clear that only above 65-70% 1st transmission BLER it is possible to have some gain using 2ms TTI, but this gain is really limited, once realistic assumptions (e.g. power overhead due to outband information) are done. Again, it is worth recalling, from [6], that working at high BLER (above 50%) causes a complexity increase for the whole system.
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Figure 5 Higher BLER values, from Figure 4
The previous comparison was done with different number of allowed transmissions for 2ms TTI (4) and 10ms TTI (2), which is unfair for 10ms TTI. Allowing instead the same number of possible transmissions in the 2 cases makes the advantage of 10ms over 2ms TTI even clearer. 

In Figure 6 it is show the same comparison of Figure 3, but the results have been obtained with 4 maximum transmissions for both the cases, 2ms and 10ms TTI. 
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Figure 6 Performance comparison between 2ms and 10ms TTI: throughput of 144kbps and 384kbps in PedA (same number of transmissions allowed)

As can be seen, in this case 10ms TTI gives always better link performance than 2ms, except for very low throughput values (or, equivalently, for very high 1st transmission BLER), where 2ms has a really slight advantage.

The situation can be changed a little bit increasing the power overhead due to the outband information. In fact, the performance of the outband channel can be improved in this way, with a possible overall performance improvement. A trade-off has to be found, in order to avoid to use too much channel resources for the outband channel, with a consequent performance degradation of the data. In Figure 7 the same comparison of Figure 6 is repeated, with double values for the power overhead of the outband channel, obtained tuning the rate matcher parameters in a proper way. As can be seen, both 144kbps and 384kbps show better performance in their respective low-throughput regions, where the effect of errors in the outband channel is stronger. Because of this, the 384kbps curves show some advantages over the 144kbps curves, because of the location of the crossing area between them.
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Figure 7 Same comparison of Figure 6, with double outband overhead

With these improvements, it is possible to have some capacity gain (less than 0.5dB) using 384kbps and 2msTTI instead of 144kbps and 10msTTI, but at the expense of complexity and average AIF delay, as pointed out before. The choice of the higher data rate with 2msTTI instead of the lower one with 10msTTI seems feasible only if really stringent capacity constraints need to be faced. Otherwise, the lower data rate combined with 10msTTI still seems the best choice. The other options, 384kbps and 10msTTI or 144kbps and 2msTTI, are far less interesting because of delay problems (the former one) or capacity limitations (the latter one).

In Figure 8 and Figure 9 the same kind of comparison is repeated for VehA, 30km/h. In particular, 144kbps ad 384kbps are compared, considering both 2ms and 10ms TTI. In Figure 8 the maximum number of transmissions allowed are 2 for the 10ms TTI case and 4 for the 2ms TTI.
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Figure 8 Performance comparison between 2ms and 10ms TTI: throughput of 144kbps and 384kbps in VehA

Similar considerations to the ones for PedA can be draw, concluding that the best option it is still to use 144kbps and 10msTTI, operating at around 10% 1st transmission BLER.

In Figure 9 the same comparison is repeated with the same number (4) of allowed transmissions for 2ms and 10ms TTI. Again, the advantage of 10ms TTI is even clearer, while 2ms TTI improves slightly the performance at very high BLER values (low throughput values).
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Figure 9 Performance comparison between 2ms and 10ms TTI: throughput of 144kbps and 384kbps in VehA (same number of transmissions allowed)

In Figure 10 it is shown the comparison of 1st transmission BLERs for 144kbps and 384kbps in VehA, considering 2ms TTI and 10ms TTI. In particular, the region of high BLER is presented, in order to show where the 2ms option gives better performance than the 10ms TTI option. As can be seen, this happens only for BLER above 70%, where the complexity of the system would be a problem. It is worth noting that, even in that region, the advantage of 2ms TTI over 10ms TTI is really limited.
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Figure 10 Performance comparison between 2ms and 10ms TTI: 1st transmission BLER of 144kbps and 384kbps in VehA

As done before for the Pedestrian A case, even for the Vehicular A the comparison of Figure 9 is repeated in Figure 11 with double values for the outband overhead.
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Figure 11 Same comparison of Figure 9, with double outband overhead

Similar considerations as the ones done for the PedA case can be repeated here. Improving the performance by tuning the outband overhead gives some benefits to 384kbps and 2msTTI against 144kbps and 10msTTI, but this capacity gain (around 0.5dB) is paid with complexity and AIF delay. Again, it seems that a good choice is to operate the link with 144kbps and 10msTTI, with 10% 1st transmission BLER, in order to have a reduced complexity and AIF delay but without compromising the capacity of the system.

Higher data rates are considered in Figure 12 and Figure 13, where 384kbps and 768kbps are compared in VehA channel model. Same number of transmissions (4) is here allowed both for 2msTTI and 10msTTI. The comparison is done using the overhead values more favourable to the higher data rate. If the target data rate is here 340kbps, this can be obtained with 384kbps and 10% BLER or 768kbps and 80% BLER. It is apparent that in this area, there is no capacity gain using 768kbps and 2msTTI instead of 384kbps and 10msTTI. For this reason, and considering complexity and AIF delay issues as before, the suggested strategy, even with higher data rates, is to operate the link with low BLER (10%) and lower data rate (384kbps), using 10msTTI.
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Figure 12 Performance comparison between 2ms and 10ms TTI: throughput of 384kbps and 768kbps in VehA (same number of transmissions allowed)
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Figure 13 Performance comparison between 2ms and 10ms TTI: 1st transmission BLER of 384kbps and 768kbps in VehA

5 Conclusions

The uplink performance for E-DCH is discussed in this paper, comparing the performance obtained with 2ms and 10 ms TTI.

It is shown how, when realistic assumptions are done (e.g. power overhead and outband errors influence), it is more convenient to use 10ms TTI instead of 2ms TTI. A comparison is done both from the throughput point of view and from the 1st transmission BLER point of view. The results presented show how a really small gain could be obtained using 2ms TTI only for very high 1st transmission BLER, where complexity issues suggest not to operate the system.
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