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1. Introduction
The Beamforming (BF) technology is beneficial for increasing cell throughput and especially essential to users at cell edge in the commercial network of LCR-TDD. LTE Release 8 [1] already supports single-layer beamforming based on user-specific Reference Symbols (also referred to as Dedicated RS or DRS). To further evolve the DRS based beamforming technology, LTE Release 9 has accepted dual-layer beamforming as enhanced technology [2], which is expected to provide clear benefits compared to single layer DRS based beamforming technology in Rel-8. 
In [3] [4] [5], CQI estimation method and DRS pattern designs were presented for enhanced beamforming technology. Simulation results [3] [5] [6] have shown that dual-layer beamforming has significant performance gain over single layer beamforming. In this contribution, more details on dual-layer beamforming for LTE-TDD are discussed further and some proposals are suggested to progress the standardization of dual-layer beamforming. 
2. Discussion
In order to support dual-layer beamforming transmission, dual ports DRSs are required. In [4], a few options on dual ports DRSs design were presented with simulations. In the following sections, we will analyze the CQI estimation methods and relevant issues based on dual ports DRSs. The reference pattern for dual ports DRSs is attached in the appendix 1.
2.1. CQI estimation 
In the single-layer transmission mode, CQI estimation is based on CRSs ports according to PBCH. As a smooth evolution, CQI estimation of dual-stream beamforming can be based CRSs ports according to PBCH, and then a CQI is fed back to the eNB. The eNB computes the CQI for each layer based on the uplink sounding reference signals. In TDD system, channel reciprocity is a desired property. Calculation of two CQIs could be based on the eigen-value of uplink channel matrix and beamforming gain etc. When the number of CRSs is less than the number of transmitted antennae, this method is generally applicable. Another merit is that this scheme has no impact on Rel-8 specification.
A simple algorithm for CQI calculation in [3] is given below:
· Downlink CQI based on CRS= reference signal power/ (interference+noise), denote CQI0; 

Two CQIs derivation based on SRS is as follows:

a) Beamforming gain G1 of single layer transmission can be obtained via simulation or field test. 

b) Two eigenvalues represent the different performance gains for each layer, denote A1 and A2.

c) First layer CQI equals to the G1+CQI0, and 2nd CQI equals to G1*A2/A1+CQI0

d) Adaptively modified to adjust the real CQI.

Proposal:  CQI feedback mechanism of dual-layer beamforming for LTE-TDD can reuse that of Rel-8 port 5 transmission mode.
2.2. Rank adaptation for dual-layer beamforming

In order to increase the robustness of dual-layer transmission, rank adaptation is necessary. The first aspect is rank determination. From the system throughput point of view, channel quality and the rank value of channel matrix need to be considered together. For TDD system, the eNB can determine the rank based on the SRS and CQI. Another alternative is that the UE feedbacks the rank value to eNB based on CRS or assisted by DRS.  From the system flexibility point of view, first solution is preferred.
The second aspect is that DRS pattern switching for rank adaptation. From the discussion in RAN1 #55bis meeting, the dual ports DRSs pattern design needs to consider the complexity, performance and extension to more than 2 ports DRSs. A simple solution is to design dual ports DRSs pattern for two layers and reuse single port DRS pattern in port 5 for single layer. 
Proposal:  
· Rank value of dual-layer beamforming for LTE-TDD can be determined at the eNB side

· Dual ports DRS for two layers transmission and single port DRS pattern in port 5 for single layer transmission. 
2.3. Uplink SRS transmission
For the CQI estimation method mentioned above, the full channel information acquisition at the eNB side is a must. From the UE side, a simple method of antenna switching to transmit SRS will assist the eNB to obtain the full channel information. However, in the Rel-8 specification, antenna switching is not mandatory. From the system optimization perspective, antenna switching will increase diversity gain in uplink transmission. Keeping in mind the complexity and standardization aspects, supporting antenna switching at UE shall not be an obstacle.
Proposal:  SRS switching transmission should be enabled in dual-layer beamforming for LTE-TDD.
2.4. Downlink control signaling
Dual-layer beamforming based on spatial multiplexing and SDMA is not supported in LTE R8 specification, so new transmission modes should be considered. Consider the application scenario on dual-layer beamforming, transmission mode adaptation is needed to be supported. Similar to other transmission modes, control mechanism should be clarified. Due to no need of PMI indication information, some indication bits can be saved. So the new format or reusing current format of control signaling is optional.  
Proposal:  A new transmission mode needs to be defined to support dual-layer beamforming. 
3. Conclusion
This contribution analyzes the details on single user dual-layer beamforming techniques, and some proposals are given. As an enhanced technology, dual-layer beamforming can provide significant benefits without big impact to current Rel-8 specification. Based on above discussion, for LTE-TDD system, single user dual-layer beamforming can be evolved smoothly from single layer beamforming in the Rel-8.
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 Appendix1：Dual ports DRSs pattern
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                     Figure 1  Dual ports DRS pattern illustration
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