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1. Introduction
At the RAN1 meetings in Quebec and Sophia-Antipolis, some companies proposed Fast Sector Selection (FSS)-based radio access technique to increase the cell edge bit-rate in the downlink of Evolved UTRA. In our consideration, FSS in downlink could effectively improve the cell edge bit-rate. This contribution includes some investigations on FSS and its enhancement, Fast Sector Group Selection (FSGS) in E-UTRA downlink based on OFDMA. Furthermore, we compare the cell-edge-user’s bit-rate of Hard Handover, FSS, soft combining and FSGS schemes in downlink, based on the system-level simulations. Since the use of downlink macro diversity, the architecture of EURAN and the inter-NodeB synchronization are still under discussion, this paper focuses on the intra-NodeB FSGS.
2. Fast Sector Group Selection (FSGS) in Downlink

Improving the cell edge bit-rate has been addressed by the LTE requirements in TR25.913 [1]. There are several solutions of increasing the cell edge bit-rate, such as Macro Diversity [2] [3] [4], Soft Frequency Reuse Scheme [5], Interference Mitigation [6] and FSS/FCS [2] [3] [6]. 

In this contribution, based on FSS scheme, we propose an enhanced FSS scheme – Fast Sector Group Selection (FSGS) scheme for OFDMA to improve the cell-edge bit rate. When a UE is in the cell edge area, a group of “best” sectors from neighboring NodeBs will be selected for transmission. The selected sectors can flexibly transmit the same signal or different signals with advanced processing, (such as STBC in this contribution). The main point of this scheme is to take full advantage of FSS and macro diversity. Since the selection is made in physical layer of UE, a more frequent update can be realized to the sector selection than that can be realized to the state of soft handover (which is implemented in higher layers). Hence FSGS will combat fast fading more effectively.

Since Macro diversity and Fast Cell Selection [7] [8] in downlink are still under discussion, and whether the inter-NodeB synchronization is available and the architecture of EURAN are not yet clear,  this paper mainly focuses on the intra-NodeB scenario. The inter-NodeB scenario could be addressed in the further work.

In the intra-NodeB scenario, selection of sectors under the same Node B could be updated for every TTI duration. This enable the link quality to be always maintained on the target level. Meanwhile the NodeB has sufficient knowledge of the channel conditions and interference in all sectors. It is easier for NodeB to allocate an optimum set of time-frequency resources to UE and effectively mitigate the interference. 

To increase the bit-rate of sector edge users, selecting two sectors of the same NodeB for simultaneous transmission will be an effective approach. The UE receives signals from two sectors and combines them to improve the reception.  Compared to FSS, the FSGS can fully exploit the transmit diversity at NodeB and further improve the sector-edge user’s performance. Compared to soft combing, the FSGS with transmit diversity scheme can resist the fast fading “faster”. The flow chart of intra-NodeB FSGS is shown in Figure 1.
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Figure 1:  Flow Chart of intra-Node B Fast Sector Group Selection

The theoretical analysis and simulation suggest that, for unicast services, the FSGS is an effective technique to improve the sector edge bit-rate in downlink. 
3. Simulation Conditions
The spectrum efficiency limit (calculated by Shannon formula) with Hard Handover, Soft Combining, FSS and FSGS schemes are investigated using system-level simulations. Table 1 gives the parameters used in the simulations, which basically follow the simulation assumptions described in [9] [10]. 

Table 1 – Simulation Parameters

	Parameter
	Assumption

	Bandwidth
	10 MHz

	Number of sub-carriers
	601

	Sub-carrier spacing
	15 kHz

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

	Cell radius
	500 m

	Minimum distance between UE and cell site
	35 m

	Antenna pattern
	70-degree sectored beam

	Distance dependent path loss
	128.1 + 37.6log10(r)

	Penetration loss
	20 dB

	BS antenna gain plus cable loss
	14 dBi

	Noise Figure
	5 dB

	Max BS transmit power
	43dBm

	Shadowing standard deviation 
	8 dB 

	Shadowing correlation between sectors
	1

	Multipath delay profile
	Typical Urban

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

	Number of received antennas
	1

	Hard handover period
	100 msec

	Hard handover delay
	100 msec

	Control delay in Fast Sector (Group) selection
	5 msec


4. Simulation Results
Figure 2 illustrates the CDF of the sector-edge users’ spectrum efficiency limit with Hard Handover, FSS, Soft Combing and FSGS with STBC respectively. In this early-stage simulation, only noise is considered but inter-cell interference is neglected. We can see from Figure 2 that the achieved users’ spectrum efficiency limit with FSGS-with-STBC transmit diversity is substantially larger than that of FSS, Soft Combining and Hard Handover. 
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Figure 2: CDF of sector edge users’ spectrum efficiency limit

The FSGS with STBC achieves 25% gain over soft combining scheme and 30% gain over FSS. Explanations to the simulation results can be summarized as following: (1) More sector antennas are used to serve the UE in FSGS than in FSS and a larger transmit diversity gain is introduced. (2) STBC scheme further enhances the much diversity gain over soft combining for FSGS. (3) Compared to Hard Handover, the sector selecting and updating period for FSS is much shorter. This effectively suppresses the influence of fast fading. 
5. Conclusions
In this contribution, we proposed an enhanced FSS scheme – Fast Sector Group Selection (FSGS) scheme to improve the cell-edge bit-rate. In this contribution, we only considered the intra-NodeB scenario. Simulation results show that the intra-NodeB FSGS can substantially enhance the sector-edge spectral efficiency over the FSS, Soft Combining and Hard Handover schemes. Therefore the intra-NodeB FSGS is an attractive candidate for improving sector-edge data rate of downlink EUTRA. Further research could be carried out for Inter-NodeB FSGS, by taking synchronization problem and interference into account.
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