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1. Introduction
In [1], for unicast transmissions, fast sector selection is one option for intra-cell macro diversity  (or inter-sector diversity) in downlink. As an alternative to fast sector selection for intra-cell macro diversity, simultaneous multi-sector transmission with soft combining has also been considered. It is demonstrated in [2] that simultaneous multi-sector transmission with soft combining in inter-sector diversity achieves better user throughput performance as compared with fast sector selection particularly for inter-sector handover users, while maintaining almost the same sector throughput performance. But in [2], the definition of user throughput is not suitable to illustrate the performance difference between the fast sector selection and simultaneous multi-sector transmission with soft combining. In this contribution, we present more system-level simulation results for the two possible intra-cell macro diversity schemes for E-UTRA downlink. The results demonstrate that, by using simultaneous multi-sector transmission with soft combining, the throughput of inter-sector handover user is comparable with that of all other users in the sector and it turns out to fulfil the cell edge bitrate requirement of E-UTRA. Moreover, the results also show that employing simultaneous multi-sector transmission with soft combining will cause a small sector and user throughput degradation as compared with fast sector selection.
2. Intra-Cell Macro Diversity Method in Downlink

Operational principles of fast sector selection and multi-sector transmission with soft combining are shown in Figure 1(a) and 1(b), respectively. The operational procedures of the two intra-cell macro diversity schemes basically follow the flows described in [2]. In fast sector selection scheme, all involved sectors are controlled by the same cell (Node B) and in principle the sector selection mechanism can operate on a sub-frame basis, thus exploiting variations in the instantaneous channel quality. At each sub-frame, the UE selects the sector that provides the largest received signal-to-interference plus noise power ratio (SINR) and then, the UE transmits the selected sector index together with the received SINR information of the selected sector through the uplink control channel. Based on these reports, when the target user with inter-sector diversity has the highest scheduling priority at the selected sector, the cell (Node B) transmits the unicast data from the selected sector.

In a simultaneous multi-sector transmission with soft combining scheme, the inter-sector (or softer) handover user reserves two sectors (or more sectors) simultaneously. For the inter-sector handover user, the unicast data is transmitted from two sectors simultaneously only when two sectors are available. That is, the target user with inter-sector handover has the highest scheduling priority in the two involved sectors simultaneously, as shown in Figure 1(b). Then, the target user receives the two unicast channels conveying the same traffic data with soft combining like delayed paths. The benefit of simultaneous multi-sector transmission with soft combining is that the serious inter-sector interference [3] can be avoided, leading to an improved geometry and thus the possibility for higher downlink data rates for UEs at sector border. 
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Figure 1. Operational principle of intra-cell macro diversity

3. Simulation Setup

Simulation assumptions are given in Table 1. Moreover, the exponential effective SIR mapping method [4] was applied to map the channel conditions over subcarriers to an effective SINR that can be used to determine the expected BLER. 

Table 1. System-level simulation assumptions
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4. Simulation Results
Figure 2 illustrates the average sector throughput performance using fast sector selection, multi-sector transmission with soft combining (hereafter simply soft combining in this section), and hard handover. As depicted in Figure 2, fast sector selection and hard handover have almost the same sector throughput performance. The reason for this is that TU channel model provides more frequency diversity effect and by employing the proportional fair scheduler, a multi-user diversity effect is obtained. Thus, the macro diversity effect gained from fast sector selection becomes small. Moreover, as illustrated in Figure 2, soft combining method will cause a small sector throughput degradation (about 2%). This is due to the fact that, with soft combining, when an inter-sector handover is served, all involved sectors transmit the same traffic data and thus, it results in lower medium utilization.

[image: image5.wmf]1

2

3

0

1

2

3

4

5

6

7

HH

FSS

SC

A

v

e

r

a

g

e

 

S

e

c

t

o

r

 

T

h

r

o

u

g

h

p

u

t

 

(

M

b

p

s

)


Figure 2. Average sector throughput performance 

Figure 3 shows the average user throughput performance difference between three different intra-cell macro diversity schemes. Here, we define the user throughput as the average rate at which data is transferred during total simulation time. It is observed from the figure that for inter-sector handover user, soft combining achieves outstanding improvement compared to fast sector selection and hard handover, while the user throughput of all users drops about 2 %. Additionally, focusing on the soft combining scheme, we observe that the inter-sector handover users have comparable user throughput to all other users in the sector. 
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Figure 3. Average user throughput performance

Figure 4 indicates the average scheduled probability of all users and inter-sector handover users. Here, the scheduled probability means the probability that a user has the highest priority for transmission among all users at a scheduling instant. As shown in the figure, the resource allocated to the inter-sector handover user increases in the soft combining case.
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Figure 4. Average Scheduled probability 
The cumulative distribution function of the geometry obtained according to the simulation parameters described in Table 1 is shown in Figure 5. Observe that about 20% and 70% of inter-sector handover users have geometries below 0 dB for soft combining and fast sector selection schemes, respectively. Therefore, it concludes that soft combining is far superior to fast sector selection. This is because by the avoidance of the inter-sector interference impairment.
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Figure 5. Geometry CDF

5. Conclusion

In this document, we see that multi-sector transmission with soft combining provides large user throughput gains over fast sector selection for inter-sector handover users. Additionally, it should be pointed out that employing multi-sector transmission with soft combining will cause a small sector and user throughput degradation as compared with fast sector selection. But we think for E-UTRA downlink, it is more attractive to keep about the same user throughput even in the sector border. Therefore, we recommend that multi-sector transmission with soft combining should be supported in intra-cell macro diversity for E-UTRA downlink.
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