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1. Introduction
At the RAN1#42, many companies showed simulation results for the macro diversity gain using inter-cell (inter-Node B hereafter) soft handover (SHO) for the uplink [1]-[12]. However, the performance gains seen vary with the different assumptions/parameters. Then it was decided at the RAN#29 meeting that RAN1 will continue discussion on alignment of the assumptions/parameters, in line with the simulation assumptions agreed in TR 25.814. Therefore, this contribution presents further investigations on the macro diversity effect by inter-Node B SHO for single-carrier FDMA radio access in the Evolved UTRA uplink using the common simulation assumptions, which are agreed in RAN#29 meeting [13]. 
2. Simulation Conditions

We compared macro diversity gains of inter-Node B SHO and hard handover (HHO) from the viewpoint of the user throughput. Table 1 lists the detailed simulation parameters following the simulation conditions in [13]. We assume a 19-cell configuration, where each cell has three sectors. We set the inter-site distance (ISD) to 1732 m.  Figures 1(a) and 1(b) show the decision methods of connecting Node B in HHO and SHO, respectively. As shown in Fig. 1(a), the handover execution time and hysteresis in HHO are set to 100 msec and 3 dB, respectively. Meanwhile, the add threshold and delete threshold in the SHO in Fig. 1(b) are set to 4 and 6dB, respectively, and the maximum size of active sets in SHO is three. We employed the 16 modulation and coding schemes (MCSs) in the adaptive modulation and coding (AMC) as shown in Table 2 in [1] according to the following combinations of modulation and coding rates in the Turbo codes: QPSK with R = 1/8, 1/6, 1/4, 1/3, 1/2, and 2/3, and 16QAM with R = 1/2, 2/3, 3/4, and 8/9. The spreading factor of 1 was used except for the MCS with QPSK with R = 1/6 and 1/8 (spreading factors of 1, 2, 4, and 8 were used). Note that the reason why these many MCSs were employed is to clarify accurately the macro diversity effect between the SHO and HHO near the cell boundary with a very low received signal-to-interference plus noise power ratio (SINR). Based on the approved simulation assumption in [13], we assumed that AMC is controlled only by one serving BS. We optimized the MCS selection threshold so that the achievable throughput was maximized in the system-level simulation under the respective conditions as follows. (1) The throughput performance levels for the respective MCSs are plotted as a function of the instantaneous received SINR, i.e., the received SINR over one sub-frame, in the link-level simulations. (2) Then, in the throughput performance, thresholds for selecting the optimum MCSs are decided so that the throughput is maximized (in the link-level simulation). (3) Based on the system-level simulations, the user throughput and sector throughput are calculated using the  value as a parameter employing the threshold of the MCS selection, which is shifted by  in dB notation from the decided threshold in (2) using the link-level simulations. (4) Finally, the  value, i.e., the MCS selection threshold, is optimized at the 5% cumulative distribution function (CDF) point so that the degradation in the sector throughput was within 2% from the maximum sector throughput. Time domain channel-dependent scheduling based on the Proportional fairness is employed and number of the UEs per sector is set to five. We set the round trip delay (RTD) of the AMC and channel-dependent scheduling, and that of the hybrid ARQ with packet combining (Chase combining) to 4 TTI (2 msec) and 6 TTI (3 msec), respectively. We assumed Equal served traffic model (activity factor is equal to or less than 1.0). Moreover, we assumed slow transmission power control in which the 1-sec average SINR is maintained to the target value.
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Figure 1 – Decision method of connecting Node B

Table 1 – Simulation Parameters 


	Parameter
	Assumption

	Bandwidth
	5 MHz

	TTI length
	0.5 msec

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance (ISD)
	1732 m (Parametrized in Figure 5)

	Minimum distance between UE and cell site
	35 m

	Antenna pattern
	70-degree sectored beam

	Distance dependent path loss
	128.1 + 37.6log10(r)

	UE maximum transmission power
	21 dBm (125 mW)

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells/sectors
	0.5 / 1.0

	Multipath delay profile
	6-path GSM Typical Urban

	UE speed
	3 km/h (fD = 5.55 Hz)

	MCS selection method in AMC
	Based on MCS information from one Node B

	Scheduling algorithm
	Proportional fairness (Time domain only)

	Number of the UEs per sector
	5

	Control delay in scheduling and AMC
	2 msec (4 TTI)

	Hybrid ARQ
	Chase combining

	Round trip delay in hybrid ARQ
	3 msec (6 TTI)

	Number of receiver antennas
	2

	Multipath interference
	Ideal suppression

	Transmission power control
	On

	Traffic model
	Equal served traffic model

	Handover add and delete threshold
	4 dB, 6 dB

	Hard handover hysteresis
	3 dB

	Hard handover period
	100 msec

	Hard handover delay
	100 msec


In this contribution, one sample of the user throughput is calculated from the time-varying received SINR over multiple-TTIs as defined by 
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Thus, the time variation over the observation interval of user throughput is taken into account in the assumption. We set the averaging time for calculating the throughput (throughput observation duration) to 10 msec.

3. Simulation Results
3.1. 5% User Throughput Comparison Assuming Equal Served Traffic (Sector Throughput)
We have shown the inter-Node B SHO gain from HHO for full buffer traffic model, on-off traffic model and equal served traffic model in [1]. Among 3 models, the inter-Node B SHO gain in the user throughput at the cell boundary is the largest when equal served traffic model is assumed, since the SHO gain fully contributes to improvement in the user throughput. Thus, in the contribution, we assume equal served traffic model. 

First, Figures 2 show the user throughput at the 5% value in the CDF and sector throughput as a function of the target SINR in the slow TPC including the performances without TPC. Figures 2(a) and 2(b) are the performances with activity factor of 1.0 and 0.5, respectively. Cell radius is 1 km (thus, ISD is 1732 m). We see from Figs. 2 that by increasing the target SINR from 5dB, the sector throughput is increased both in inter-Node B SHO and HHO due to the reducing influence of noise and nevertheless, it is almost saturated at the target SINR of approximately 15 dB. Meanwhile, it is seen that the user throughput at the 5% CDF value is decreasing both in inter-Node B SHO and HHO according to the increase in the target SINR value and that the degradation of the user throughput without TPC is distinct. This is due to the increasing impact of other-cell interference. Then, we see slow TPC is beneficial to increasing user throughput at the cell boundary through reduction in other-cell interference. We can find that the near optimum target SINR is approximately 15 dB from the viewpoints of increasing user throughput at the 5 % CDF value and sector throughput. 
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(a) Activity factor = 1.0
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(b) Activity factor = 0.5

Figure 2 – 5% User throughput and sector throughput as a function of target SINR

Then, Figures 3 show the user throughput at the 5% value in the CDF as a function of the sector throughput. Figures 3(a), 3(b), 3(c), and 3(d) assume target SINR of 10 dB, 15 dB, 20 dB and the case without TPC.  We find that by employing slow TPC, the inter-Node B SHO gain from HHO is reduced, because the influence of other-cell interference to the users near cell boundary is decreased.  We see from Fig. 3(d) that the inter-Node B SHO gain from HHO is approximately 9 % and 11 % at the sector throughput of 2 and 3 Mbps, respectively, without TPC case. However, the inter-Node B SHO gain is decreased to 6 % and 3 % at the sector throughput of 2 and 3 Mbps when the slow TPC is used with the target SINR of 15 dB (note that this figure is almost optimum one).  Moreover, it is seen that by conducting slow TPC, the user throughput at the 5% CDF value is increased both for inter-Node B SHO and HHO compared to the case without TPC, keeping the almost the same sector throughput. 
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(a) With TPC, Target SINR = 10 dB
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(b) With TPC, Target SINR = 15 dB
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(c) With TPC, Target SINR = 20 dB
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Figure 3 – 5% User throughput as a function of sector throughput

Figure 4 shows the assignment probability of transmission packet as a function of distance between Node B and UE to indicate the validity of channel-dependent scheduling using Proportional fairness. We can find from the figur0e that almost constant assignment probability of packet transmission is achieved regardless of the distance between Node B and UE. Therefore, we see that the channel-dependent scheduling operation with Proportional fairness is valid in our simulators. 
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Figure 4 – Transmission assignment probability (Fairness evaluation)

3.2. SHO Gain as a Function of ISD
Figure 5 shows the user throughput at the 5 % value in the CDF as a function of the ISD with sector throughput as a parameter, employing the slow TPC with the target SINR of 15 dB. We see from the figure that according to the increase of ISD, the inter-Node B SHO gain from HHO is decreased, since the influence of other-cell interference with wider-level  fluctuation than the noise is reduced (please be reminded that the SHO is beneficial to mitigating the influence of other-cell interference with wide-level fluctuation). Furthermore, the inter-Node B SHO gain from HHO is only approximately 3 – 8 % even at the short ISD such as 500 m when the slow TPC is used.     
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Figure 5 – 5% user throughput as a function of ISD

4. Conclusion

This contribution presented further investigations on inter-Node B SHO gain from HHO for single-carrier FDMA radio access in the Evolved UTRA uplink using the common simulation assumptions. More specifically, we considered essential key techniques such as AMC, slow TPC, hybrid ARQ with packet combining (Chase combining), and channel-dependent scheduling based on Proportional fairness assuming equal served traffic model. Simulation results elucidated following results.
· The inter-Node B SHO gain from HHO is approximately 9 % and 11 % at the sector throughput of 2 and 3 Mbps, respectively, without TPC case at the ISD of 1732 m

· The inter-Node B SHO gain is decreased to 6 % and 3 % at the sector throughput of 2 and 3 Mbps when the slow TPC is used with the target SINR of 15 dB at the ISD of 1732 m

· The inter-Node B SHO gain is only approximately 3 - 8 % even at the short ISD such as 500 m when the slow TPC is used.

In conclusion, we would like to decide that the macro diversity gain in the user throughput at the 5% CDF by the inter-Node B SHO from that of HHO is small, considering further unclear conditions such as channel-dependent scheduling operation in the inter-Node B SHO mode.
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