3GPP TSG RAN WG1 meeting #54
R1-082972
Jeju, Korea, 18-22 August, 2008

Source: 

CATT 
Title:
Enhanced Beamforming Technique for LTE-A 

Agenda Item:

12

Document for:
    Discussion and Decision
1 Introduction

Beamforming technique is based on the antenna array with the small inter element distance. In LTE R8 [1], beamforming is already supported, however only single antenna port is available. In LTE-A, enhancement of beamforming to support multi-stream transmission shall be considered to further improve the system capacity. 
In this contribution, enhanced beamforming based on spatial multiplexing and spatial division multiple access (SDMA) is discussed briefly. From the link and system level simulations, it can be seen that there is a significant gain of enhanced beamforming. 
2 Discussion
In LTE R8, codebook-based MIMO supports the spatial multiplexing to increase the cell throughput, which is especially applicable in the environment where there are abundant scatters. But the codebook design is usually complicated and the signaling overhead is usually high. Currently single port pilot signal only supports the single stream beamforming. To meet the requirement of LTE-A, multi-stream beamforming based on spatial multiplexing and SDMA is proposed. There is no need for codebook design to support multi-stream beamforming, and the signaling overhead is much smaller. In the following section, we discuss multi-stream beamforming based on SDM and SDMA in details.
2.1 Spatial multiplexing
Suppose there are N antennae in eNodeB, the distance between elements is
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; as well there are M antennae in UE, then the maximum number of supported streams is:
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The real number of supported streams in different channel environments satisfies:
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To illustrate the multi-beamforming based on spatial multiplexing, the block diagram of the multi-stream beamforming system is shown below:
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Fig.1  Principle of multi-stream beamforming of spatial multiplexing
The principle of multi-stream beamform is, the eNodeB gets channel state information from measurements on the uplink channels, accordingly calculates multiple sets of beamforming weight vectors, then these vectors are applied on multiple streams of data in downlink transmission. The eNodeB transmits multiple streams of data to single UE with different beams. 
2.2  Spatial Division Multiple Access
In SDMA, multiple geographically separated UEs occupy the same time-frequency resources, and the interference among the users is mitigated with efficient multiple UE scheduling, thus the cell throughput is increased. Especially in loaded system, SDMA can effectively increase the system capacity. The antenna array with small inter element distance can produce directive beams towards UE/s, so at eNodeB different users are easily separated according to the angular information. Study shows that there is strong correlation among the antenna elements in small inter element distance antenna array, and the channel varies relatively slowly in time and frequency domain, so the signaling overhead could be small. The SDMA is a control signaling limited system, there is the significant advantage of the small inter element distance antenna array over the large element distance array. The SDMA algorithms ZF[2], MMSE[3], BD[4], THP[5] are commonly used in the literatures; when there is single stream per user the BD and ZF shows similar performance, THP is more complicated algorithm which is difficult to implement, thus ZF and MMSE are the mostly used algorithms.
Suppose there are N antennae in eNodeB, inter element distance is
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, total number of UEs in the cell is K and 
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 is the number of antennae on UE k, the maximum number of streams supported by UE k is:
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Suppose the number of UEs supported by SDMA is U, then the total number of streams supported by SDMA satisfies:
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The block diagram shown below is the principle of SDMA:

[image: image9]
Fig. 2  Principle of SDMA with beamforming
From the above figure 2 it can be seen that, eNodeB selects group of UEs according to the channel information in uplink or feedback from the UEs, calculates the set of beamforming vectors and then applies for each UEs in the group respectively. The UEs in the group are spatially multiplexed, occupying the same time and frequency resources thus increasing the system capacity.
2.3  Enhanced Beamforming Simulation Results
The simulation results are given in this section. Link level simulation results are given for single UE single/multiple streams beamforming with 8×2 (small spaced elements) antenna configuration, and 4×2 (large spaced elements) based on precoding for comparison purpose. System level simulation results are shown below for 8×2 antenna system, with single/multiple stream/s per UE; The maximum number of UEs for SDMA is 2.
Single UE beamforming link level simulation parameters are shown in table 1:
Table 1 Link level simulation parameters
	Number of Antenna
	4×2，8×2 

	Inter element distance at UE
	0.5 lambda

	Inter element distance at eNodeB
	10/0.5 lambda

	system bandwidth
	5M

	Channel Estimation
	Perfect

	Channel Model
	SCM-UrbanMacro

	Modulation
	QPSK/16QAM/64QAM

	Coding Rate
	1/5、1/4、1/3、1/2、2/3、3/4、4/5

	Channel Coding
	Turbo code

	Number of HARQ retransmission
	4

	Carrier Frequency
	2.0 GHz

	Detection algorithm
	MMSE

	feedback
	Perfect

	number of PRBs
	6

	UE Speed
	3km/h


Simulation result is shown in the figure 3 below:


[image: image10]
Fig. 3 Comparison between enhanced beamforming and precoding
From the figure above, it can be seen that two streams beamforming has significant gain over two streams codebook based precoding (4×2 antenna system) in both low or high SINR scenarios. Furthermore, two streams beamforming also outperforms the single stream case. So the evolution from single stream beamforming to two stream beamforming is robust and a natural way. 
Multiuser beamforming system simulation parameters are given in table 2.
Table 2 System simulation parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500m

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Antenna type (element distance at UE)
	0.5λ

	BS Antenna pattern(horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency

Carrier Bandwidth
	CF=2GHz

BW=10MHz

	Channel model
	SCM(E) suburban

	UE speeds
	3km/h

	Total BS TX power (Ptotal)
	46dBm  


The simulation result is given in table 3:
Table 3 Comparison between SDMA beamforming and single UE beamforming
	
	Spectrum efficiency（bps/Hz/cell）
	Gain

	8×2 two streams multi user beamforming
	3.5
	34％

	8×2 two streams single user beamforming
	3.1
	19％

	8×2 one stream single user beamforming
	2.6
	0％


From the above analysis, it can be seen that the beamforming technique shows the significant gain in both cell center and cell edge environments. Multi-stream beamforming based on spatial multiplexing and SDMA can increase the system throughput significantly. 
3 Conclusion
The beamforming technique not only increases the capacity and coverage, it is also suitable for spatial multiplexing and SDMA. SDMA based on beamforming is less sensitive to channel variation than MIMO based, and at the same time the beams are controllable so the inter-cell interference can be well managed. In TDD system, because of the channel reciprocity in uplink and downlink, beamforming based SDMA has significant advantage. The eNodeB can easily obtain the multi-user channel information in uplink, so grouping of UEs for SDMA is very easy and effective at transmitting side, resulting in less interference among SDMA UEs and thus increasing the system performance. 
In spatial multiplexing, due to the beamforming gain in 8×2 antenna system, the performance is far better than that of 4×2 MIMO system. And study in other literatures also shows that precoding technique has significant gain when the number of transmitting antennae is higher than the number of receiving antennae.
From discussion above it can be seen that beamforming is a promising technique for the future cellular communication, it is the one of the technique to meet the stringent requirement of LTE-A system.
Text proposal for TR 36.xxx
------------------------start of text proposal-----------------------------

7.  Downlink Transmission Scheme

7.x Downlink multi-stream beamforming

The enhanced beamforming technique based system with small inter element distance, for spatial multiplexing eNodeB gets channel state information from measurements on the uplink channels, accordingly calculates multiple sets of beamforming vectors then these vectors are applied on multiple streams of data in downlink transmission. eNodeB transmits multiple streams of data to single UE with different beams. For SDMA, eNodeB selects group of UEs according to the channel information in uplink or feedback from the UEs, calculates the set of beamforming vectors and then applies for each UEs in the group respectively. The UEs in the group are spatially multiplexed, occupying the same time and frequency resources. 

------------------------end of text proposal-------------------------------
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