
3GPP TSG RAN WG1 Meeting #46
R1-062282
Tallin, Estonia, August 28–September 1, 2006
Source:
Ericsson

Title:
Schedule single vs. multiple beams per frame for E-UTRA
Agenda Item:
8.7.2
Document for:
Discussion

1. Introduction
Beamforming has been shown as one good candidate to improve the performance of E-UTRA ‎[1]. The employment of frequency domain scheduling to OFDM system can obtain the multi-user diversity gain. In this contribution, we focus on the evaluation of frequency domain scheduling for OFDM smart antenna system, and by this we try to answer which scheme is preferred for OFDM system with frequency domain scheduling: to schedule single beam or to schedule multiple beams per frame. To schedule a single beam per frame means only one beam pattern (cell orientation) is applied over the whole frame, but to schedule multiple beams per frame allows the users with different preferred beam patterns to be served on different resource blocks in one frame.
2. Schedule single beam vs. multiple beams per frame
2.1. Single and multiple beam scheduling
Assume a smart antenna system where the Node-B selects the best beams for each UE based on their channel measurement reports. In the fixed multi-beams system (or switched multi-beams system), the beam for a UE is selected from all available beams. For an adaptive beam system, the beam for a UE can be based on e.g. the eigen vector of the channel information. To schedule a single beam per frame means that only one beam pattern (cell orientation) is applied over the whole frame, and in this system, the users that prefer this beam are chosen as candidates in the schedular. This can be simplified as a round robin beam (RR) selection among the beams with active users to cover for a uniform user distribution system. The frequency domain scheduling (e.g. proportional fair scheduling in both time and frequency domain, PFTF) can then be done on resource blocks of that frame for these candidate users. If multiple beams are permitted to be schedule per frame, users preferring different beam patterns might be served on different resource blocks of that frame by the frequency domain scheduler, i.e. no user selection according to the users’ beam patterns. 
To schedule a single beam per frame has the following advantages over scheduling multiple beams per frame:

· Simple transmit structure in both analog and digital implementations. This gives the opportunity to have RF beam forming.
· To schedule single beam per frame gives the opportunity to obtain accurate interference estimation by dedicated pilot pattern of each beam even if channel dependent scheduling is employed on the frequency domain. However, if scheduling multiple beams per frame, it is not possible for one cell to know the interfering cells’ beam selection (or orientation) if channel dependent schedule is used on each resource block, thus it is difficult to acquire accurate channel quality estimation, which vastly reduce the system performance. 
· To schedule a single beam per frame is in fact a candidate selection procedure, only users with the same beam pattern are selected from all active users in each frame, thus the UL and DL signaling overhead for frequency domain adaptation, e.g. link adaptation, can be reduced.
2.2. Schedule single beam per frame with inter-cell coordination

The inter-cell interference has a significant influence on the smart antenna system. To schedule a single beam per frame has the possibility to restrain the inter-cell interference simply by optimal beam selection and/or by inter-cell coordination. The procedures can first obtain the optimal beam sequences for all the cells based on an appropriate criteria, and then by inter-cell coordination or inter-cell communication let all neighboring cells know their optimal beam sequence for the coming frames. Finally each cell can schedule its beam based on its optimal beam sequence for each frame. The criteria to obtain the best beam sequences for all the cells can, for example, be the maximum system throughput.
For a fixed beam selection system, the beam pattern sequences search criteria can also minimize the system inter-cell interference for the coming frames. Figure 1 shows an example of the minimum system inter-cell interference beam patterns for a four cells scenario. Considering that the user’s mobility is small during a short time, and to reduce the inter-cell communication overhead, the inter-cell coordination can be a slow procedure. For example, the duration for this inter-cell communication can be of several frames. The inter-cell coordination can also be event triggered, for example, when some cells’ traffic load is vastly changed.
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Figure 1: .  An example to choose the beams for the four cells with the minimum system inter-cell interference beam patterns.
It can be difficult to always obtain the optimal beam sequences for a large cell deployment. With large cell deployment, a hierarchical solution can be used to find a suboptimal solution, for example, let some target cells do round robin beam selection of its beams with active users in order to cover the whole cell, and let their neighbor interfering cells coordinate to them in order to reduce the localized inter-cell interference.

2.3. Simulation results

The simulation is for a (4x2) system with 4 fixed multi-beams, there is at most one stream to one user on each resource block for each cell. Each user selects its best beam among the 4 fixed beam patterns based on its channel measurements in the beginning of each super-frame and camps on this beam during the whole super-frame. Uniform power allocation is assumed for all cells. No extra signaling overhead is considered for the different schemes. The major simulation parameters are listed in Table 1. The 5th percentile user throughput and mean user throughput are used to represent the coverage and capacity, respectively. 
Two different scheduling schemes, including round robin (RR) and PFTF with different beam selection schemes are evaluated. For RR, only single beam per frame is considered. But for PFTF scheduling, four different beam selection schemes, including multiple beams per frame, single beam per frame without known cell orientation, single beam per frame with known cell orientation and single beam per frame with inter-cell coordination are investigated. As discussed in Section ‎2.1, for the multiple beams per frame scheme, the interfering cells’ orientation is unknown. But for the single beam per frame case, the known cell orientation can be obtained by e.g. using the dedicated pilot pattern for each beam, and for the single beam per frame with inter-cell coordination, the known cell orientation is also assumed. To simplify the simulation, all the evaluations are only done on one reference cell. For the single beam per frame with inter-cell coordination scheme, the simulation is done in the following steps, the reference cell is using RR selection of its beams with active users to maintain coverage, and its interfering cells select their beam patterns which give the minimum interference to the reference cell. That is, the selection of the inter-cell beam patterns is only optimal for the reference cell, not for the multi-cell system. However, this represents the upper performance limit for the single beam selection per frame system with inter-cell coordination. 
Figure 2 shows the 5th user throughput for the presented schemes. PFTF with multiple beams per frame show worse performance than PFTF with single-beam per frame even without known cells’ orientation for the 5th user throughput case. The frequency domain scheduling depends much on the accuracy of channel measurements, without accurate interference estimation, the multi-user diversity gain by PFTF, especially for the users at the cell border is difficult to obtain. Figure 2 also show that PFTF with known cells’ orientation has 205% user throughput gain @ 12.5Mbps served traffic over that without known cells’ orientation, the inaccurate interference estimation has serious influence on the smart antenna system. With inter-cell coordination, PFTF with single beam per frame can improve the served traffic by 26% @ 0.8 Mbps 5% user throughput over the case without inter-cell coordination.
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Figure 2: 5th percentile user throughput for the different scheduling scheme with fixed multi-beam antennas.
Figure 3 shows the mean user throughput for these schemes. PFTF with multiple beams per frame show some gain over that with single beam per frame, even with known cells’ orientation. Figure 3 also show that single beam per frame with inter-cell coordination improve almost 25% the served traffic @ 2.5Mbps mean user throughput over that without inter-cell coordination.
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Figure 3: Mean user throughput for the different scheduling scheme with fixed multi-beams antennas.
From both Figure 2 and Figure 3, it is found that PFTF with multiple beams per frame does not show the best performances for either coverage or capacity.  Actually, the inaccurate interference estimation leads to the worst coverage. To schedule single beam per frame has the possibility to get accurate interference estimation if there are dedicated pilot patterns for each beam, which is a benefit for the frequency domain adaptation, e.g. frequency domain scheduling and link adaptation. With known cells’ orientation, schedule a single beam per frame show good performance for both capacity and coverage scenarios. Although this simulation only collects data for the reference cell, it can be expected that by inter-cell coordination, to schedule a single beam per frame has significant performances advantages in both capacity and coverage limited scenarios.

3. Conclusions

 In this contribution, we focus on whether to schedule a single beam per frame or multiple beams per frame in an OFDM system with fixed beam antenna systems. The following can be concluded from this study:
· To schedule a single beam per frame has several advantages over scheduling multiple beams per frame:

· Gives the opportunity to have RF beam forming.
· Accurate interference estimation can be obtained by using the dedicated pilot pattern for each beam, even if channel dependent scheduling is used in frequency domain, which can improve system performance.
· By employing frequency domain scheduling, scheduling multiple beams per frame does not show significantly better performance for either capacity or coverage scenarios than to schedule a single beam per frame even without known cells’ orientation. 
· For the single beam per frame system, with optimal beam selection sequences and inter-cell coordination, it can be expected that a remarkable improvement in both coverage and capacity can be achieved. With inter-cell coordination, there is a tradeoff between signaling overhead from the fast uplink and downlink transmission to slow inter-cell transmission.
In summary, only to schedule a single beam per frame seems superior in an OFDM system equipped with a fixed beam antenna system. Further, inter-cell coordination is also seen as a powerful tool in order to improve system performance. The exact implementation of the inte-cell coordination needs further study.
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4. Appendix

Table 1: Simulation parameters
	Cell Plan
	Number of sites
	7

	
	Sectors/site
	3

	
	Frequency reuse
	1

	
	Inter-Site Distance (ISD) [meter]
	500  (*1)

	System Assumption
	Channel model
	3GPP SCM

	
	Bandwidth [MHz]
	5 

	
	Available sub-carriers
	300

	
	Resource block size [sub-carriers per resource block]
	25 

	
	frame duration [ms]
	0.5

	
	Super-frame duration [ms]
	4

	
	Number of OFDM symbols per frame
	7

	
	CP length [us/samples]
	4.76

	
	Traffic model
	Full-buffer 

	
	Transceiver antenna configurations
	4x2

	
	Transmitter antenna separation [wavelength, λ]
	0.5 

	
	Transmission power [watt.]
	20 

	
	Ratio of overhead to the whole band 
	2/7

	
	Modulation
	QPSK,16QAM ,64QAM

	
	Link adaptation (LA)
	BLER_target =     0.1

	
	Coding rate
	discrete, 0.10~ 0.89

	Remarks:             

(*1) ISD=500 meters is the default parameter of channel case 1 in 3GPP 25.814, shown as reference ‎[2].
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