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1. Introduction
At the RAN1#40bis (Beijing) and RAN1#41 meetings (Athens), most companies proposed OFDM based radio access in the downlink. Therefore, this contribution presents investigations on inter-sector diversity in the same cell (Node B) employing OFDM radio access in the Evolved UTRA downlink. More specifically, we compare the user throughput and sector throughput performance of fast sector selection (FSS hereafter) [1] - [3] and simultaneous transmissions from multiple sectors with soft-combining reception at UE (hereafter simply soft-combining) [3], [4] in the downlink based on system-level simulations.

2. Inter-Sector Diversity Method in Downlink
Operational principles of FSS and soft-combining are shown in Figs. 1(a) and 1(b), respectively. Furthermore, Fig. 2 shows the flow of FSS assumed in the contribution. In FSS, the UE receives downlink common pilot channels (CPICHs) from two sectors. Then, the UE selects the sector that provides the greater received signal-to-interference plus noise power ratio (SINR), at each transmission time interval (TTI). The UE transmits the selected sector index together with the received SINR information of the selected sector as channel quality information (CQI) through the uplink control channel. Node B decodes the sector index and the received SINR information. The received SINR information is stored in the queue for channel-dependent packet scheduling of the selected sector. When the target user with inter-sector diversity has the highest priority in the selected sector, the shared data channel is transmitted to the user from the selected sector. In FSS, let us assume that the shared data channel is transmitted to the inter-sector handover user from Sector #2 in Fig. 1(a). In this case, Sector #1 transmits the shared data channel to another user without inter-sector handover (or may perform inter-cell, i.e., inter-Node B handover) in Sector #1 using the same TTI. Then, the inter-sector handover user suffers from interference from the shared data channel transmitted to another user in Sector #1. This inter-sector interference impairs the achievable packet error rate (PER) or throughput performance of the inter-sector handover user. Transmission muting can avoid the inter-sector interference [5]. However, the muting degrades the sector throughput since muted sectors transmit no packet data in the TTI. 
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Figure 1 – Operational principle of inter-sector diversity
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Figure 2 – Flow of fast sector selection


Meanwhile, in the simultaneous transmission with soft-combining as shown in the flow of Fig. 3, the inter-sector handover user reserves two sectors simultaneously. Then, when the target user is selected, the downlink shared data channel is transmitted from two sectors simultaneously. The target user receives the two shared data channels conveying the same traffic data with soft-combining like delayed paths. Unlike FSS, the shared data channel does not interfere with each other. If delay diversity is applied between the two sectors, the received signal becomes equivalently the signal with increased multipaths. Accordingly, an improvement in the frequency diversity effect is obtained.
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Figure 3 – Flow of simultaneous transmission with soft-combining

We assume the following channel-dependent scheduling method for FSS and soft-combining. First, in FSS, the UE feeds back only the received SINR from the selected sector providing the highest received SINR along with the selected sector index. Then, the target UE with inter-sector diversity is stored in the packet scheduling queue. On the other hand, packet scheduling in soft-combining is performed collectively among three sectors in the same cell (Node B). In the scheduler, all users in the scheduling queue among the three sectors are aligned in descending order of the priority function based on the proportional fairness criterion from the highest user. Then, each TTI of the three sectors is assigned to the user with the highest priority. For the inter-sector handover user, two sectors are simultaneously assigned only when two sectors are available. We assume ideal measurement of the received SINR after soft-combining as CQI information at the UE. 
3. Simulation Conditions
The user throughput and sector throughput using inter-sector FSS or soft-combining are investigated based on system-level simulations. Table 1 gives the simulation parameters used in the simulations and they basically follow the simulation conditions described in [6]. We assumed the cell radius of 289 m. However, we assumed the minimum distance between the cell site and the UE is 35 m [6]. We employed the following combination of modulation and channel coding rates in the Turbo code: QPSK with R = 1/8, 1/4, 1/2, 2/3, 16QAM with R = 1/2, 2/3, and 64QAM with R = 1/2, 2/3, 3/4. We set the round trip delay for the channel-dependent scheduling and link adaptation, and that for hybrid ARQ with packet combining (Chase combining) to 4 and 6 TTIs, respectively. We employed proportional fairness as the scheduling criterion. The Typical Urban model was assumed for the multipath delay profile. 

Furthermore, the handover parameters are listed in Table 2. In FSS and soft-combining cases, the target user adds the sectors to active set when the received signal power values are higher than the add threshold and removes the sectors from active set when the received signal power values are lower than the drop threshold. We define handover user as the user with more than one sector within the active set. Meanwhile, in hard handover case, the handover period and handover delay (i.e., the time delay from the decision timing of the handover to the actual handover timing) are both set to 100 msec. 
Table 1 – Simulation Parameters 

	Parameter
	Assumption

	Bandwidth
	10 MHz

	Number of sub-carriers
	752

	Sub-carrier spacing
	12 kHz

	TTI length
	0.625 msec

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

	Cell radius
	289 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

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells/sectors
	0.5 / 1.0

	Multipath delay profile
	Typical Urban

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

	Modulation and channel coding scheme
	QPSK (R = 1/8, 1/4, 1/2, 2/3), 16QAM (R = 1/2, 2/3), 64QAM (R = 1/2, 2/3, 3/4)

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

	Scheduling algorithm
	Proportional fairness

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

	Packet combining method in hybrid ARQ
	Chase combining

	Number of received antennas
	2

	Traffic model
	Full queue traffic


Table 2 – Handover Parameters
	Parameter
	Assumption

	Add threshold
	4 dB

	Drop threshold
	6 dB

	Hard handover hysteresis
	3 dB

	Hard handover period
	100 msec

	Hard handover delay
	100 msec

	Control delay in fast sector selection
	2.5 msec (4 TTI)


4. Simulation Results
Figure 4 indicates the cumulative distribution function of the user throughput using FSS, soft-combining, and hard handover. The throughput of all users and handover users are represented as solid and dotted lines, respectively.  In this contribution, the user throughput is defined as the average throughput measured only during the interval when the transmission of each user is assigned. We see from Fig. 4 that the achieved user throughput using FSS is almost identical to that for hard handover. The reasons for this are as follows. In the Typical Urban channel model, a large frequency diversity effect is gained due to the presence of many paths. Furthermore, since we used channel-dependent scheduling based on the proportional fairness method, a multi-user diversity effect is obtained. Meanwhile, as described earlier, the shared data channel from the unselected sector becomes interference to the inter-sector handover user, who transmits the shared data channel from the selected sector at the same TTI. As a result, the additional diversity effect by FSS from the hard handover becomes small. 

Figure 4 also shows that soft-combining increases the user throughput compared to FSS. This improvement is caused by combining the received signals from two sectors without any inter-sector interference. It should be noted that the large frequency diversity effect is gained since equivalently, the number of paths is increased. Focusing on the handover users, soft-combining is far superior to FSS and hard handover. However, the superiority of soft-combining becomes small for the case of all users. This is because the ratio of inter-sector handover users is only approximately 7% in the cell. 
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Figure 4 – Cumulative distribution function of user throughput
Finally, Fig. 5 shows the sector throughput as a function of the number of users per sector using the three inter-sector handover (diversity) schemes. As shown in the figure, no distinct difference is apparent in the achieved sector throughput among the three schemes although the resource allocated to the handover user increases in soft-combining case. 

In conclusion, we see that the simultaneous transmissions together with soft-combining in inter-sector diversity can achieve better user throughput performance compared to FSS particularly for inter-sector handover users, while maintaining almost the same sector throughput performance. 
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Figure 5 – Sector throughput performance as a function of the number of users per sector
5. Conclusion

In the contribution, we showed that the simultaneous transmissions together with soft-combining in inter-sector diversity achieve better user throughput performance compared to fast sector selection particularly for inter-sector handover users, while maintaining almost the same sector throughput performance based on system-level simulations. Therefore, we showed the potential benefit of soft-combining reception in inter-sector handover.

Finally, we propose that the following text proposal in Sec. 6 should be included in RAN1 TR 25.814 “Physical Layer Aspects for Evolved UTRA”.
6. Text Proposal
---------------------------------  Start of Text Proposal  -----------------------------------------------------

7. Downlink Concept

7.X Downlink Macro diversity
For the inter-sector diversity in the same cell, i.e., in the same Node-B, for Evolved UTRA downlink with OFDM-based radio access, fast sector selection and simultaneous transmissions from multiple sectors with soft-combining at UE (hereafter simply soft-combining) are beneficial in order to improve spectral efficiency.
Operational principles of fast sector selection and soft-combining are shown in Figs. 1(a) and 1(b), respectively. In fast sector selection, let us assume that the shared data channel is transmitted to the inter-sector handover user from Sector #2 in Fig. 1(a). In this case, Sector #1 transmits the shared data channel to another user without inter-sector handover (may perform inter-cell, i.e., inter-Node B handover) in Sector #1 using the same TTI. Then, the inter-sector handover user suffers from interference from the shared data channel transmitted to another user in Sector #1. Meanwhile, in the simultaneous transmission with soft-combining, the inter-sector handover user reserves two sectors simultaneously. Then, when the target user is selected, the downlink shared data channel conveying the same traffic data is transmitted from two sectors simultaneously. The target user receives the two shared data channels with soft-combining like delayed paths. Unlike fast sector selection, the shared data channel does not interfere with each other. If delay diversity is applied between the two sectors, the received signal becomes equivalently the signal with increased multipaths.

From the viewpoints of spectral efficiency, soft-combining achieves improved user throughput performance compared to fast sector selection particularly for inter-sector handover users, while maintaining almost the same sector throughput performance. Therefore, the simultaneous transmissions using soft-combining should be supported in inter-sector diversity for Evolved UTRA downlink.
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Figure 1 – Operational principle of inter-sector diversity
---------------------------------  End of Text Proposal  -----------------------------------------------------
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