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1 Introduction

In this contribution, the performance of E-DPCCH signalling channel is assessed in SHO conditions, comparing two different coding schemes: Convolutional Coding (CC) plus CRC, and Reed-Muller (RM) Coding. This comparison takes into account also the complexity involved in each case, trying to weigh against it the possible advantage of a scheme over the other one. 
2 Simulation assumptions

In order to assess the performance of E-DPCCH, this channel alone (code multiplexed with DPCCH) is transmitted (i.e. neither E-DPDCH nor DPDCH are transmitted). Two different error-protection coding schemes are considered: RM, included in [1], and CC. In the latter case, additional CRC is used to protect against undetected errors. In the former case, instead, an additional threshold detection mechanism is needed, to protect against false alarm detection that could arise in case of some DTXed transmission (possible, especially when the UE power is not enough for retransmission, e.g. due to the presence of DCH). The CRC employed with CC should prevent this problem automatically.
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 B (3 km/h), VehicularA (30km/h)

	Information on E-DPCCH
	10 bits

	E-DPCCH coding
	CC rate 1/3+CRC (12 bits), RM (30,10)

	EDPCCH/DPCCH amplitude ratio
	7/15, 15/15, 21/15, 30/15 

	TTI
	2ms

	E-DPCCH SF
	128 (CC), 256 (RM)

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

	NodeBs
	2 (0-3 dB link imbalances)

	Channel Estimation
	 DPCCH (6 pilots)

	Receiver
	Rake (2 Rx antennas)


When RM is used, E-DPCCH spreading factor is 256 [1], while SF 128 is needed in case of CC+CRC. 
At the receiving side, 2 nodeBs with different imbalances are considered. In order to have a fair comparison, the results from the strongest cell are shown in the case of CC+CRC and the ones from the weakest cell in the RM case. The reason is that in the RM case, with no further CRC protection available, strict conditions (i.e. Bler < 10E-03%) have to been guaranteed for each link involved. On the other hand, when CC+CRC is used, it is enough to have “good” performance at one nodeB, while the protection offered by CRC should guarantee that no problem are going to come from the other one, whatever the performance of the link. In this case, 10E-02 Bler (or even higher) should be enough to guarantee undetected error rate below 10E-03%, thanks to CRC protection.

3 Simulation results

In the following section, we present simulation results obtained with link imbalance values of 0 and 3dB. The first case is relative to a scenario where the UE is on the boundaries of the 2 cells, with the path loss towards the 2 nodeBs equal in average. In this scenario, both nodeBs are, in average, equally “strong”. It is expected that this case is the one less favourable to CC+CRC. The other case is relative to the UE well inside one of 2 cells, but still connected in SHO also to the other one. Here we expect to see some remarkable advantage for the CC+CRC scheme, because of the considerations exposed in the previous section.

Different beta factors (i.e. amplitude ratio between E-DPCCH and DPCCH, corresponding to power differences in the range 0-6dB) are considered in the following paragraphs: the values used produced similar results. The performance is instead degraded using lower beta factor (corresponding to –6.6dB): this is presented in the following paragraphs, but not used for the comparison. The total wideband power measured at one antenna (DPCCH + E-DPCCH) is reported.

3.1 PathLoss imbalance 0dB

In this paragraph, a scenario with 2 nodeBs without any power imbalance is considered (i.e. path losses equal in average). At first, in Figure 1 and Figure 2, results obtained in PedB channel model are shown (UE speed 3kmh). 

As can be seen from Figure 1, in the CC+CRC case around –18.5dB are needed in order to have 1% Bler, while –23dB are enough to guarantee 10% Bler. On the other hand, as shown in Figure 2, -19dB are needed in the RM case in order to meet the 0.1% Bler requirement.
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Figure 1 CC+CRC, PedB 3kmh, 0dB imbalance
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Figure 2 RM, PedB 3kmh, 0dB imbalance

The same comparison is repeated in Figure 3 and Figure 4 in the VehA channel model (UE speed 30kmh). Here, it can be seen easily that the requirements, in terms of received Ec/N0, are almost the same in the two cases: -17.5dB with CC+CRC to have 10E-02 Bler (-20.5dB for 10E-01), around the same value with RM to have 10E-03.
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Figure 3 CC+CRC, VehA 30kmh, 0dB imbalance
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Figure 4 RM, VehA 30kmh, 0dB imbalance

As expected, then, in the case of no imbalance between the 2 nodeBs, the advantage of CC+CRC over RM (if any) is negligible, under the assumptions done.

3.2 PathLoss imbalance 3dB

The situation is quite different when some path loss imbalance is taken into account. In this paragraph, the same comparisons of par. 3.1 are repeated in a scenario with 2 nodeBs, where the strongest one has an average path loss 3dB lower than the other one. In this situation we should be able to see some clear performance advantage of the CC+CRC solution.

PedB channel model is considered in Figure 5 and Figure 6.
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Figure 5 CC+CRC, PedB 3kmh, strongest nodeB, 3dB imbalance
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Figure 6 RM, PedB 30km/h, weakest nodeB, 3dB imbalance

In this case, the 10E-02 Bler requirement set in the CC+CRC case can be guaranteed with –19dB, while –17.5dB are needed in order to have 10E-03 with RM.

Similar conclusions can be drawn from Figure 7 and Figure 8, relative to the VehA channel model.
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Figure 7 CC+CRC, VehA 30km/h, strongest nodeB, 3dB imbalance
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Figure 8 RM, VehA 30km/h, weakest nodeB, 3dB imbalance

With both the channel model considered, we can then conclude that 1.5dB can be saved using CC+CRC instead of RM, with a more relaxed requirement (10E-02 instead of 10E-03).

3.2 Summary

The use of different error control schemes allows having different requirements on the performance of the E-DPCCH channel. In particular, with CC+CRC it can be enough to have 10E-02 Bler (10E-01, relaxing the requirements) on the best link, while with RM coding (and no CRC protection), 10E-03 Bler has to be guaranteed on every link. Under these assumptions, CC+CRC can provide some gain in SHO over RM, as detailed in the following table:

	PathLoss imb. (dB)
	gain dB(10E-02 Bler)
	gain dB(10E-01 Bler)

	0
	-0.5 (PedB)/ 0 (VehA)
	4 (PedB) / 3.5 (VehA)

	3
	1.5 
	5-6


4 Conclusions


In this contribution, the performance of E-DPCCH has been assessed in SHO, comparing CC+CRC versus RM coding schemes. Under the assumption done, it has been shown how the 1st scheme can provide gain over the 2nd one, especially when some power imbalance between the nodeBs is present. However, this gain is quite limited, except in the case that the requirements for CC+CRC are more relaxed (10E-01 Bler). Besides, the gain provided is most likely not very significant when considering a realistic transmission, with E-DPDCH channels present (and maybe DPDCH as well). In such a case, the total amount of received power is certainly much higher than the portion relative to control channels, and a possible gain of 1.5dB is not so significant anymore.

The gain provided by CC+CRC is anyway possible with relaxed requirements, but it can be argued that it could be convenient to have always more stringent ones (i.e. 10E-03 Bler) on E-DPCCH, in order to have better quality of the control information.

A last point to be considered is the complexity issue relative to the DTX detection algorithm needed in case of RM, when no CRC is present. First of all, it should be noted how the complexity of such an algorithm is probably not that different from the complexity required by the CRC detection itself. Besides, more important, E-DPCCH transmission should always go alongside with E-DPDCH. It is foreseen that the DTX algorithm could easily benefit from this situation, being the received power much higher than that of E-DPCCH alone.
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