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1 Introduction

This contribution presents preliminary simulation results for HARQ in soft handover, showing the gain due to macro diversity combining (MDC): the results presented are in good accordance with the ones in [1]. Comparison is then made between the performance obtained with and without Chase Combining, taking into account the overhead required by the outband signalling [2,4]. Finally, the operating points for HARQ are considered, evaluating the difference between a single cell and SHO.

2 Simulation assumptions

For the E-DCH simulations, it is assumed to have data channel and outband signaling time multiplexed in a 10 ms TTI [2]. Two active nodeBs are considered, with possible power imbalance. The throughput is computed at Radio Network Controller, after selection combining of the results from the nodeBs. 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), Vehicular A (30 km/h)

	NodeBs
	2 (path loss imbalance: 0 or 3 dB)

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

	Data rate
	144 kbps, 384 kbps

	H-ARQ
	Chase combining or no combining (ARQ), for data channel only

	Max number of transmissions
	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 MDC gain in soft handover

In this paragraph, some results are shown to illustrate the gain obtained in SHO using selection combining at RNC. As done in [1], two operating conditions are considered:

· Macro diversity ON: each nodeB decodes the data channel and send the results to RNC, whose decision is based on the CRC check results received

· Macro diversity OFF: only one nodeB decodes the data channel

In the first case, each nodeB, after checking the CRC of the decoded block, sends an ACK/NACK command to UE, which retransmits the packet only if all nodeBs sent NACK. In the second case, when selection combining at RNC is disabled, the nodeB decoding the data channel is also responsible for issueing ACK/NACK command.

In both cases, power control commands are issued by each nodeB independently. UE increases the transmitted power only if all PC commands are UP, otherwise the TX power is decreased. This condition ensures that, whether Macro diversity combining is ON or OFF, the UE is in soft handover as regards the power control.

In Figure 1 it is shown the throughput performance of 144 kbps in PedA, using Chase combining, where the UE is connected to 2 nodeBs with the same path loss (no imbalance).  It is clear how the Macro Diversity Combining (MDC) can provide a gain, which is more evident at high SNR values (even more than 2 dB). These results confirm, at least from a qualitative point of view, the ones in [1].
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Figure 1 Throughput comparison of 144 kbps with and without MDC, 2 links with 0dB imbalance

In order to further assess the gain due to macro diversity combining, in Figure 2 it is shown the comparison of 1st transmission BLER measured at the two nodeBs ad at RNC after the selection combining, using the same simulation settings as before. It is clear how selection combining can improve the performance. For the RNC BLER curve, SNR is measured at the first nodeB, as well as in Figure 1.
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Figure 2 144kbps in PedA (3km/h), PC on (4% error), 1st TR BLER at first nodeB and at RNC

In Figure 3, 2 nodeBs with 3 dB imbalance are considered, comparing the throughput obtained using selection combining or not. In the latter case, the performance degradation is particularly serious if the weakest nodeB is the one decoding the data (and deciding ACK/NACK). The degradation (or, on the other hand, the macro diversity combining gain) is far less important if the strongest nodeB is the one decoding. The results shown still resemble the ones presented in [1].
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Figure 3 Throughput comparison of 144 kbps with and without MDC, 2 links with 3dB imbalance

4 Chase Combining vs pure ARQ

In this paragraph Chase combining and pure ARQ (no soft combining) are compared in SHO for the uplink. In particular, two nodeBs with no power imbalance are considered and Macro diversity combining is active. The possible gain due to Chase combining has to be weighted considering that, in this case, outband information is needed [4], which means power overhead. In particular, 14 outband information bits were considered, with 12 CRC bits for their protection. After rate 1/3 convolutional coding (and taking into account 8 tail bits), 102 bits are used for outband signalling. The simulations performed considered the presence of possible detected errors in the outband channel, which prevent the soft combining and force retransmission, lowering the throughput at RNC (in the previous section, the results shown were obtained taking into account the power overhead due to outband, but considering perfect detection of outband signaling). The results for 144 kbps in PedA (3km/h) are shown in Figure 4, where different power overheads are used for outband information in order to improve the performance. A trade-off is needed between the better performance of outband and the reduced capacity of data channel, because the power overhead for outband is obtained varying the rate matching attributes of the two channels, determining a different distribution of channel bits. As a comparison, the performance obtained in an ideal case (power overhead 0.099 dB, no outband errors) is shown in Figure 4. In any case, Chase combining can provide a gain over pure ARQ, more significant for lower SNR and for higher overhead for the outband channel.
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Figure 4 Different power overhead for outband (144kbps, PedA): data throughput in SHO (0dB imbalance)

From the same simulations, it is interesting to know how BLER for data and outband are influenced by power overhead. In Figure 5 it is shown a comparison of the 1st transmission BLER for data at the RNC and for outband information at the first NodeB (at the other one, the outband BLER is almost the same, with no power imbalance), with the different overhead values used in Figure 4. The BLER curve for data is obtained considering only one value of outband overhead (0.099 dB), because no significant difference can be seen using the other values. Considering the area where data BLER is around 50% (possible operative point due to power errors [5]), increasing the overhead from 0.099 to 0.19 dB it is possible to lower the outband BLER from 35% to 15%, with a throughput improvement near 10%. For higher BLER values, the gain is even more important.
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Figure 5 Different power overhead for outband (144kbps): 1st TR BLER for data and Outband BLER (1st nodeB)

In Figure 6 the performance of 144 kbps in VehA (30 km/h) are shown. Even in this case, the same conclusions drawn for PedA are valid.
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Figure 6 Different power overhead for outband (144kbps, VehA): data throughput in SHO (no imbalance)

Similar results obtained for 384 kbps in PedA and VehA are shown in the next figures. In Figure 7 the throughput, measured at RNC, in PedA (3km/h) is presented, showing that with a little power overhead it is possible to maintain a significant gain over pure ARQ, expecially at lower SNR. In this case the ideal curve (no outband errors) refers to the 0.0377 dB overhead case. 
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Figure 7 Different power overhead for outband (384kbps, PedA): data throughput in SHO (0dB imbalance)

In Figure 8, 1st transmissions BLER for 384 kbps data is compared with outband performance at the first nodeB, with the different overhead used in Figure 7. In this case, in the 50% 1st BLER area for data, outband performance can improve from 35% to 7% increasing the overhead from 0.0377 dB to 0.11 dB, with a throughput improvement of 11%. 
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Figure 8 Different power overhead for outband (384kbps): 1st TR BLER for data and Outband BLER (1st nodeB) 

In Figure 9 the throughput obtained in VehA (30 km/h) is shown and considerations similar to the ones drawn for PedA can be made. 
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Figure 9 Different power overhead for outband (384kbps, VehA): data throughput in SHO (no imbalance)

5 HARQ gain in SHO

In this paragraph, the gain due to the use of L1/MAC H-ARQ techniques is evaluated. In particular, it is interesting to understand what kind of gain it is possible to obtain over the case of only RLC level retransmission, as in Rel’99. 

In Figure 10 the BLER curves (relative to 1st transmission for the HARQ case) are compared versus the effective SNR, defined as SNR/throughput. Considering a possible operative points at 10% BLER when HARQ is present and 1% BLER when it is not (as in Rel’99), a gain of around 0.5dB is obtained using Chase combining at L1/MAC.  
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Figure 10 1st Tr BLER as a funcion of effective SNR, 144kbps in PedA, in SHO (2 cell, 0dB imbalance)

It has to be noted that the difference between the 10% BLER operative point and the minimun effective SNR (around 75% BLER) is almost negligible. Besides, the minimum point looks unstable, meaning that little instabilities can cause strong variation in the effective SNR. Finally, when chosing the operative point it should be considered the complexity increase due to higher BLER [6].

In Figure 11 it is shown the same comparison done in a single cell environment. In this case the gain operating at 10% BLER instead that at 1% BLER is around 0.8dB, slightly better than in SHO. In this case, working at 10% BLER causes a 0.2 dB degradation compared to the minimum effective SNR operative point, around 80% BLER.
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Figure 11 1st Tr BLER as a funcion of effective SNR, 144kbps in PedA, in a single cell

In Figure 12-Figure 13 the same evaluation is done for 144kbps data rate in VehicularA channel (UE speed 30 km/h). In this case, working at 10% BLER  (HARQ active) allows saving 0.8dB over the 1% BLER operative point typical of Rel’99. The situation is the same in SHO (Figure 12) and in the single cell environment (Figure 13).
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Figure 12 1st Tr BLER as a funcion of effective SNR, 144kbps in VehA, in SHO (2 cell, 0dB imbalance)

In SHO, there is practically no difference between the 10% BLER point and the minimum, corresponding to 45% BLER. In the single cell case (Figure 13) the minimum (75% BLER) is around 0.3dB better than the 10% operative point.
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Figure 13 1st Tr BLER as a funcion of effective SNR, 144kbps in VehA, in a single cell

6 Conclusions

The uplink performance in soft hadover is discussed in this paper for E-DCH.

The gain from Macro diversity combining is evaluated, confirming qualitatively the results from [1]: our results show similar gain.

A comparison between Chase combining and pure ARQ in soft handover is shown, taking into account the overhead due to outband information and considering the possible presence of signalling errors. It is shown how the use of Chase combining can be beneficial even with these realistic assumptions. The simulations performed assumed time multiplexing of data and outband information, but it is reasonable to expect similar performance even with a code multiplexing structure.

The gain obtained using L1/MAC HARQ techniques is evaluated, considering a possible 10% BLER as operative point versus the 1% BLER needed in Rel’99. The gain is present both in a single cell and in a SHO scenario, with similar values. 
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