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1 Introduction

Beamforming can obtain specific directional beam based on the antenna array structure, consequently achieving obvious gain of beam energy. It can improve cell coverage, reduce the system interference and increase the system capacity. Single stream beamforming that can effectively improve the cell edge user performance is supported in LTE. For LTE-A system, we can consider extending the single stream BF to multi-stream BF. Moreover, combining with MU-MIMO mode by allocating the multiple streams to different users to achieve multi-user diversity and eliminate the inter-user interference while increase the cell throughput. This method is used for the realization of the Space Division Multiple Access. 
2 MU BF scheme in TDD
In TDD system, since the uplink and downlink channel reciprocity can be used to obtain channel state information, this is beneficial to using beamforming scheme to realize SDMA. The eNB can easily obtain the multi-user channel information from uplink channel information and effectively grouping the UEs for implementing SDMA.

The CSI is obtained by utilizing the channel reciprocity of uplink and downlink. According the DOA etc. information, eNB pair the user groups that satisfying some certain constraint condition. The beam weights for each user group are generated based on some kind of algorithm, for example the NULL widening method. By now the beam corresponding to the weight of a certain user has the following feature: the main lobe is formed on the DOA direction of the target user, and the widening null steering is formed on the DOA directions of other users which in the same group with the target user. Therefore, the inter-user interference is reduced. Moreover, the transmission weights of different users in the same group can also be orthogonalized to further eliminate the interference. Finally, the eNB schedule the optimal user group according to some certain criterion and multiply the data stream of each user in the user group by the corresponding beamforming weight to transmit through antennas. The downlink beamforming is completed then.
Potential impact on specification：

· Need to define UE-specific reference signals
· In LTE Release 8, only port 5 reference signal is designed for single stream and single user beamforming. For multi-user beamforming in LTE-A, we should design the UE-specific RS for multi-stream and multi-user beamforming. We can add new antenna ports RS or reuse the port 5 RS by FDM or CDM to design the UE-specific reference signals for multi-user BF, at the same time the system performance, RS overhead and backward compatibility should be considered.
· Need to define control signaling for multi-user BF, including DCI format, CQI feedback mode, Rank mode, and etc.
· In TDD system, PMI does not need to feedback, some indication bits can be saved and using for feedback other information.
· Interference between users is strongly influenced by pairing conditions and the weighting vectors. Downlink channel information can be obtained through UL SRS. The estimation of CQI can be based on the SRS and the CQI feedback depending on common reference signal, eNB process the estimation and compensation.
· Rank estimation methods: Since SRS is used to acquire channel information in the CQI estimation, RI can be calculated by eNB itself. This may reduce uplink feedback overhead. At present we propose to determine the RI based on the SRS and feedback CQI, finally determined by the eNodeB.
· Need to define new transmission mode of PDSCH
· Multi-stream beamforming or multi-user beamforming is not supported in LTE R8 specification, so new transmission modes should be defined to support the multi-stream or multi-user beamforming in LTE-A. Multi-stream and multi-user beamforming can use the same transmission mode.
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Figure 1 Block diagram of MU BF in TDD system
3 MU BF scheme in FDD
In FDD system, the frequency band of the uplink channel and downlink channel are different, the channel reciprocity can not be used to obtain channel state information. It is not conducive to the use of channel matrix information to acquire the transmit weight, also does not benefit for the realization of SDMA. UEs need to feedback the DOA information or channel information to eNodeB, this signalling need to take up some bits, the number of bits may same to the number of PMI bits.

For the multi-user BF in FDD, according the DOA etc. information, eNB pair the user groups that satisfying some certain constraint condition. The beam weights for each user group are generated based on some kind of algorithm, for example the NULL widening method. By now the beam corresponding to the weight of a certain user has the following feature: the main lobe is formed on the DOA direction of the target user, and the widening null steering is formed on the DOA directions of other users which in the same group with the target user. Therefore, the inter-user interference is reduced. Moreover, the transmission weights of different users in the same group can also be orthogonalized to further eliminate the interference. Finally, the eNB schedule the optimal user group according to some certain criterion and multiply the data stream of each user in the user group by the corresponding beamforming weight to transmit through antennas. The downlink beamforming is completed then.

[image: image2.emf]Channel 

Encoder

MOD

Channel 

Encoder

MOD

DRS2

B

e

a

m

f

o

r

m

i

n

g

FDD  MU BF 

UE1

UE2

UE1 Direction

UE2 Beam  NULL widening

UE2 Direction

+

+

DRS1

Stream of User1 

Stream of User2 

S

c

h

e

d

u

l

e

r

User Pairing 

Restriction;

Determine Paired 

user group 

DOA

CQI

.

 

.

 

.

Using Null

Widening Mehtod;

Obtains the weight 

of every user;

Orthogonalize the 

weight

RI


Figure 2 Block diagram of MU BF in FDD system

potential Impact on specification：

· Need to define common reference signals
· In FDD system, UE needs to obtain channel state information and feedback to the eNB, so common reference signal is necessary. In the FDD mode, it is no longer require the support of the dedicated RS. The common reference signal of the 8Tx is not supported in LTE R8 specification, so new 8Tx CRS should be defined.
· Need to define control signaling for multi-user, including DCI format, CQI feedback mode, Rank mode, and etc.

· In the FDD system, UEs need to feedback the DOA information or channel information to eNodeB, this signalling need to take up some bits, the number of bits may same to the number of PMI bits.
· Interference between users is strongly influenced by matching conditions and the precoding vectors. In the FDD system, downlink channel information can be obtained by UL feedback. For the estimation of CQI, it can base on the feedback CQI depending on common reference signal. 

· Rank estimation methods: In the FDD system, the CQI estimation is based on the CRS. The UE needs to determine the rank value and feedback the RI to eNodeB. 
· Need to define new transmission mode of PDSCH
· Multi-stream beamforming or multi-user beamforming is not supported in LTE R8 specification, so new transmission modes should be defined to support the multi-stream or multi-user beamforming in LTE-A. Multi-stream and multi-user beamforming can use the same transmission mode.

4 Conclusion
In this contribution, we give the multi-user beamforming schemes for suitable the TDD and FDD systems, also provide some considerations on standardizing the BF in LTE-A. Considering the performance advantage of beamforming like cell edge throughput and coverage, combine the BF and MU-MIMO make the same physical resource used by different users among different beams, the different users that occupy the same time and frequency resource in the cell can be separated by optimized beam. Therefore, the multi-user beamforming scheme can obtain the multi-user diversity gain, eliminate inter-user interference and is an attractive technique to increase downlink performance. We recommend to support the MU BF in LTE-A.
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