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Discussion & decision
1 Introduction

Work item for LTE enhanced DL transmission was agreed in RAN Plenary meeting #43 [1]. The objective of the work item is to increase the DL system capacity of E-UTRAN system targets through Beamforming (BF) technology.  The Beamforming technology has been shown to improve the cell edge throughput and extend the cell coverage area in the commercial system. LTE Release 8 supports single-layer beamforming by defining DL user-specific Reference Symbols (also referred to as Dedicated RS or DRS) for channel estimation. Multi-layer beamforming technology targets to minimize the cross-beam interference and thus improve the system throughput.  The single pattern DRS design in LTE would be challenged to provide reliable channel estimation for multi-layer beamforming technology.  It is desired to enhance the DRS design in the LTE system support the multi-layer beamforming technology.  The DL RS design in LTE-A [2] have capability to support multi-layer orthogonal RS for DL MIMO extension to 8x8 MIMO and CoMP.  The similar design concept could be carrier forward to the design of RS design for multi-layer beamforming in Release 9 LTE system.  
2 Multi-Layer Beamforming in LTE 
The multi-layer beamforming technology enables the transport blocks to transmit on each layer with minimal cross-interference between layers through beamforming.  The multi-layer beamforming could be used to support single user multi-layer beamforming or multi-user beamforming using UE specific RS for both TDD and FDD systems in LTE.  The design of Rel-9 LTE system to support multi-layer beamforming needs to be backward compatible to Rel-8 UE.   This will allow the Rel-8 LTE system easily upgraded to Rel-9 LTE system to support multi-layer beamforming technology based on existing antenna arrays.   
To support multi-layer beamforming, the LTE system needs to have additional capability to provide UE demodulation reference and communicate with the UE for multi-layer beamforming capability and configuration.  The additional capability to support multi-layer beamforming includes the DL RS design, the UE feedback for codebook based beamforming, and the control signaling for support multi-layer beamforming.  These designs would be backward compatible to Rel-8 Relay system and forward compatible to LTE-A system.  
2.1 DL RS Design for multi-layer beamforming
The primary objective to support multi-layer beamforming is the DL demodulation RS design for reliable channel estimation for multi-layer decoding.  The design of the UE specific demodulation reference signals and the mapping of physical data channel to resource elements aim to be the extension from the current Rel-8 UE-specific RS pattern for backward compatibility and align with LTE-A Demodulation RS for forward compatibility.   The UE-specific RS of single antenna port 5 in [3] has the distributed RS patterns.  The extension of the UE-specific RS patterns for multi-layer beamforming could be done in CDM or alternative FDM as in Figure 1 to have mutually orthogonal RS patterns for different layers.  This is consistent with the agreed principle of DL Reference signals targeting PDSCH demodulation in the LTE-Advanced are in the following
· UE-specific, i.e, the PDSCH and the demodulation reference signals intended for a specific UE are subject to the same precoding operation. 

· Present only in resource blocks and layers scheduled by the eNodeB for transmission. 

· Reference signals transmitted on different layers are mutually orthogonal at the eNodeB.

The CDM UE-specific RS design would use two orthogonal sequences scrambling the current UE-specific RS pattern in Fig 6.10.3.2-1 for normal CP and 6.10.3.2-2 for extended CP of [3] in either the frequency domain or time domain.  The current sequence generator of UE-specific RS is based on length-31 gold sequence.  It is a challenge to design an orthogonal scrambling sequence on top the UE-specific RS sequence to be mutually orthogonal.    The CDM scrambling sequence needs to be designed to be within coherent frequency, coherent time, or duality property (CAZAC sequence).  

The alternative FDM pattern design for multi-layer beamforming as in Figure 1 has the orthogonal patterns with one layer transmitting and the other muting.   With the limited number of the UE-specific RS in a RB, it is a challenge for the channel estimation filter design with the alternative on/off RS pattern, in particular when the number of the RBs on PDSCH is small.  This will also degrade the channel estimation performance for the multi-layer beamforming at high Doppler or large delay spread.  
The other consideration of the CDM vs alternative FDM design is the backward compatibility to Rel-8 UE.  For CDM RS design, it might be possible to find one sequence at layer 2 to be asymptotically orthogonal to that at layer 1 without scrambling sequence.  This will be transparent to Rel-8 UE when a single layer beamforming is supported only.  Thus, the multi-layer beamforming for MU-MIMO could support one Rel-8 UE.  For alternative FDM, it will be a complete different RS patterns to support multi-layer beamforming, which is completely blank to Rel-8 UE.  Thus, multi-layer beamforming with alternative FDM could only support Rel-9 UE in MU-MIMO case.  
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Figure 1: UE-specific RS design for dual-layer beamforming

2.2 UE feedback in Multi-layer Beamforming Support
The UE feedback is one of the objectives in the study of the multi-layer beamforming.  The UE PMI/RI feedback is designed for codebook based closed-loop MIMO and beamforming in LTE Rel-8. For multi-layer beamforming, the amount of UE feedback is one of the design tradeoffs between the feedback channel overhead and the system performance.   The radio channel reciprocity property in LTE TDD system shall be considered as one of the favourable factors to reduce the feedback overhead.   In TDD system, the eNode B could use the UL sounding channel to retrieve the DL channel information and perform the multi-layer beamforming.  This will minimize the amount of UE feedback for multi-layer beamforming in the TDD system.  
The UE feedback also depends on the application of the multi-layer beamforming.  If the multi-layer beamforming is to optimize SU-MIMO performance, single PMI/RI feedback from UE might be sufficient to derive the desired beam vector for each layer.   If the multi-layer beamforming is used for MU-MIMO, additional UE feedback information might help the DL scheduler to optimize the user pairing in the MU-MIMO.  The best companion PMI/CQI reporting proposed in [4] shows that additional overhead of reporting best companion PMI/delta CQI would improve the MU-MIMO performance about 20%.  The same principle of best companion reporting might apply to multi-layer beamforming for MU-MIMO.  
2.3 Control Signaling in Multi-layer Beamforming Support

The initial configuration, re-configuration and termination of multi-layer beamforming relies the design of control signaling. The single layer beamforming support in Rel-8 uses dedicated RRC signaling for beamforming configuration.  For PDCCH control, the DCI format 1D is also designed for MU-MIMO.  The DCI format 1D should be sufficient for MU-MIMO using multi-layer beamforming.  However, there is no DCI format to support multi-layer beamforming for SU-MIMO.  The multi-layer beamforming for SU-MIMO could be configured by dedicated RRC signaling.  It is for further study if additional control signaling message on PDCCH is required to support multi-layer beamforming for SU-MIMO.  
3 Conclusions

This document discusses the system design perspective in supporting multi-layer beamforming for Rel-9 UE.  The objective of the system design to support multi-layer Beamforming is to backward compatible to Rel-8 LTE system and forward compatible with LTE-A system.  The key issues in the system design for multi-layer beamforming include the DL RS design, UE feedback, and control signaling.  It is important to have all issues in consideration together to support the multi-layer beamforming features.
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