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Introduction (1)
� Detailed requirements for the work item agreed in RAN #43[1]:

� Support single user dual-layer beamforming for both TDD and FDD.

� The DRS design 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 should be backward compatible 

with Release 8 , and also should aim to be as an extension of the 

beamforming in Release 8.

� Enhancements for MU-MIMO with beamforming can be considered in a 

second stage after RAN#44.
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Introduction (2)
� This contribution provides and overview of main rat ionales and 

proposals for the following issues: 

� DRS design

� CQI scheme

� PMI and Rank feedback

� DL /UL control signaling

� MU-MIMO
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DRS Design for dual layer BF
� For DRS design for dual-layer beamforming, the foll owing issues should be 

determined
� DRS resource elements overhead

� DRS pattern 

� Multiplexing method of DRS for two layers

� In [2], we discuss the DRS design in detail, and we  propose that
� 12 resource elements for port 5 in LTE R8 is enough to provide optimal throughput for 

dual layer Beamforming.

� Same pattern should be used for rank 1 and rank 2 in dual layer mode.

� Considering the backward compatibility and forward compatibility with current 

agreements for LTE-A, the DRS pattern for single layer beamforming in LTE R8

can be reused for dual-layer beamforming.

� Incorporation of the second layer in the DRS design should also aim for forward 

compatibility with LTE -A demodulation RS when considering possible multiplexing 

method such as CDM/TDM/FDM.
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CQI scheme for dual layer BF

� CQI measurement options are discussed in detail in [ 3].

� We propose to keep the R8 principle for the CQI sch eme:

� For dual-layer beamforming, the CQI measurement scheme in 

transmission mode 7 based on all the available CRSs in LTE R8 

can be reused

� The eNB can revise the reported CQI value and determine the CQIs for 

each BF layer according to the estimated beamforming gain. 

� In TDD, the CQI can also be revised at eNB with the help of UL SRS by 

exploiting channel reciprocity. Hardware calibration at eNB and UE would 

allow to fully exploiting channel reciprocity.
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PMI and Rank feedback

� The following should be considered for PMI and rank  adaptation

� For TDD: 

� BF weights are determined from UL SRS measurements 

� There is no need for PMI feedback in TDD.

� The rank can also be determined based on the UL SRS.

– The need of explicit rank feedback needs to be further studied.

� For FDD: 

� BF weights can be determined based on AOA measured by UL SRS.

� PMI feedback may also be used for FDD.

� The UE feeds back the rank value based on DL CRSs
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DL/UL control signaling

� Downlink control signalling

� For single user dual-layer beamforming

� Rank indicator, rank =1 or 2 ;

� MCS and HARQ indicator for each layer ; 

� Re-use of DCI format 2A can be considered

� Incorporation of MU-MIMO mode has to be considered as well.

� Uplink control signalling

� The R8 UL control signalling design can be reused to support dual-layer beamforming mode.

� For ACK/NACK feedback

– reuse the feedback scheme for SU-MIMO mode in release 8 . 

� For RI feedback

– If UE need to feedback RI, reuse R8 RI reporting format, no new reporting format needed

� For CQI feedback

– reuse the feedback scheme for single layer BF in release 8.
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MU-MIMO aspects

� Codebook based MU-MIMO with PMI feedback is already  possible 

in R8.

� The beamforming mode supporting two spatial layers can easily 

be extended to allow for MU-MIMO:

� UE can determine desired and interfering channel from the 2 DRS. There is 

no need to signal the weights of the interfering beam.

� Minor modifications of the DL control signaling are needed, i.e. signaling the 

corresponding transmission layer to each user.
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