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1 Introduction

In RAN#43 meeting, the work item on supporting of dual-layer beamforming in R9 was agreed [1]. The objective of this work item is to include support for the following radio link enhancement techniques for LTE:

· Support single user dual-layer beamforming using UE specific RS for both LTE-TDD and FDD
· The design of the UE specific demodulation reference signals and the mapping of physical data channel to resource elements should aim for forward compatibility with LTE-A Demodulation RS 

· Principles exploiting channel reciprocity shall be considered in the feedback design where applicable. The need for additional feedback shall be assessed.

· All new enhanced features and capabilities shall be backward compatible with networks and UEs compliant with LTE Release 8, and also should aim to be as an extension of the beamforming in Release 8.
In this contribution we briefly discussed the SU dual-layer beamforming and MU dual-layer beamforming schemes based on UE specific RS and analyzed some potential impact on the specification. Furthermore, we also recommend supporting MU dual-layer beamforming in LTE Release 9.

2 Single User Dual-layer Beamforming
For single user dual-layer BF, the eNB can obtain the channel state information from measurements of the uplink channels and then calculates the beamforming weight vectors according to some criteria, e.g. eigenvalue decomposition described in [2] or by using two DOA direction information of the strongest signal. When the weight vectors are determined the eNB will transmit the dual streams of data by applying these weight vectors to a single UE in the downlink.

Potential impact on specification：

· Need to define dual-layer DRS

· In LTE Release 8, only port 5 reference signal is designed for single layer and single user beamforming. For dual-layer beamforming, we should design the DRS for two layers. Considering the backward compatible with R8, the DRS pattern of port 5 in R8 can be reused by FDM/TDM/CDM for dual-layer beamforming.
· Need to define control signaling , CQI feedback scheme and rank adaptation for dual-layer BF
· PMI may not need to be feedback, some UL control signaling bits can be saved. Defining new UL signaling or the UL control signaling in release 8 for supporting SU-MIMO of single stream BF can support dual-layer beamforming mode.
· In DL, PMI indication information also may not needed, some indication bits can be saved. So the new DCI format or reusing DCI format in R8 can be considered.
· The CQI estimation and feedback can be based on the SRS and CRSs. If the PMI is not used, the interference between the two layers can be adjusted by eNB according to the weight vectors; therefore eNB can further revise and compensate the CQI.

· For rank adaptation, since SRS is used to acquire channel information in the CQI estimation, rank can be calculated by eNB itself. This may reduce uplink feedback overhead. At present we prefer to determine the rank value by eNB based on the SRS and CQI feedback.
· Need to define new transmission mode of PDSCH
· Dual-layer beamforming is not supported in LTE R8 specification, so new transmission modes should be defined to support dual-layer beamforming in LTE Release R9.
3 Multi-user Dual-layer Beamforming
The single user dual-layer beamforming has already supported in R9, we think the multi-user dual-layer beamforming using UE specific RS should not be prevented due to it can effectively mitigate the interference among the users and increase the cell throughput.

The channel state information e.g. DOA etc. information can be obtained by eNB from measurements of the uplink channels. According to this 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. Figure 1 is a block diagram of multi-user dual-layer BF.
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Figure 1 Block diagram of MU dual-layer BF scheme
Potential impact on specification：
Based on R8 MU-MIMO, we do not need introduce new designs for MU BF specially compared with SU dual layer BF. The new designs in R9 for SU dual-layer BF like DRS, control signaling and CQI feedback etc. can be reused in MU dual-layer BF mode. The need for additional enhanced feedback scheme is FFS.
In fact MU BF with rank-1 transmission is transparent to UE, so the UE does not need perform optimization for the CQI feedback that will has less impact on LTE R8 specification. Instead the eNB can perform some adjustment and optimization on CQI. However, the optimize method should be considered separately for SU and MU case.
4 Conclusion
In this contribution we briefly discussed the SU dual-layer beamforming and MU dual-layer beamforming schemes and provide some considerations on standardizing the dual-layer beamforming in LTE R9. Due to the multi-user dual-layer beamforming using UE specific RS can mitigate the interference among the users and increase the cell throughput effectively, moreover, it will has less impact on current R8 specification and can reuse the new design for single user dual-layer BF, therefore we recommend also supporting the MU dual-layer BF in LTE R9.
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