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1 Introduction

In LTE R8, single layer beamforming is supported in transmission mode 7[1]. According to the requirement of LTE-Advanced system (R9/R10), the throughput improvement should also be considered in beamforming mode. Dual layer beamforming are regarded as an efficient method to improve throughput in [2] [3].

In this contribution, hardware calibration in TDD is analyzed in section 2. In section 3, 3 kind of CQI reporting schemes for dual layer BF are proposed, and the simulation results about each CQI reporting schemes are given in section 4. From the simulation results, it can get that:
· Hardware calibration at both eNB and UE should be done in order to fully exploit channel reciprocity in TDD.

· CQI schemes in transmission mode 7 based on all the available CRSs in LTE R8 can be reused for dual layer BF mode. 

· The UE reported CQI should be revised at eNB for dual layer BF based on UL SRS in TDD if hardware calibration is performed at both eNB and UE.
2 Hardware calibration in TDD
The combined channel for each pair of transmission antenna and receiver antenna may be regarded as the combination of the radio channel, Tx chain at transmission antenna and Rx chain at receiver antenna. However, since different RF chains are used in reception and transmission for each antenna, hardware calibrations are needed in order to fully exploit channel reciprocity in TDD. 

Assuming calibration between Tx chain and Rx chain for each antenna at eNB was perfectly done, that is,
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Where 
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are RF factors respectively in Tx chain and Rx chain for antenna i (i=1…n) at eNB, 
[image: image4.wmf]l

is a constant at eNB. 
The ratio of the combined DL channel and the combined UL channel between the ith  antenna at eNB and the lth (l=1…m) antenna at UE is 
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Where 
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are respectively RF factor in Tx chain and Rx chain for the lth (l=1,…,m) antenna at UE, 
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is a complex factor specific to the lth (l=1,…,m) antenna at UE.

So, the combined DL MIMO channel matrix is, 
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(3)
Where 
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is the combined UL channel matrix which can be estimated via UL SRS in TDD, 
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is a diagonal matrix with diagonal elements of
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From equation 3, it can infer that hardware calibrations for each antenna at UE are needed in order to fully exploit channel reciprocity in TDD [4] [5].

3 CQI schemes for dual layer BF
If full channel state information can be obtained at UE, therefore, UE can get the preferred beamforming vectors and rank number for DL transmission, based on which multilayer CQIs can be calculated and feedback to eNB. However, in the future deployment of LTE-A system, there may be kinds of antenna configuration at eNB in BF mode, e.g. up to 8 or 12 transmission antennas may be supported in BF mode. Therefore, it is difficult to obtain full channel state information at UE for each possible antenna configuration at eNB considering the potential overhead of CRSs. In the following parts, 3 kinds of CQI schemes for dual layer BF are analyzed.
Option 1: Reusing CQI scheme for BF mode in LTE R8 with CQIs revised at eNB for dual layer BF based on UL SRS (hardware calibration required at both eNB and UE)
In LTE R8, only single layer BF is supported. And it was agreed to calculate CQI in transmission mode 7 based on all the available CRSs just as TxD schemes. Thus, eNB needs to revise the reported CQI according to the beamforming gain with all available antenna elements over that with fewer cell-specific CRSs. This scheme can also be extended to CQI computation in dual layer BF. That is, a CQI value is calculated and feedback by UE based on all the available CRSs in DL just as TxD schemes.  Then, eNB can get the preferred CQI for each BF layer by revising the UE reported CQI value according to each layer’s beamforming gain, which can be precisely estimated via decomposing the combined UL channel matrix in TDD if hardware calibration is performed at both eNB and UE.

In this scheme, rank adaptation can be done at eNB via UL SRS in TDD if hardware calibration is performed at both eNB and UE.
As discussed in section 2, hardware calibration at eNB and at UE should be done in order for fully exploiting channel reciprocity in TDD. If hardware calibration at UE is NOT done, the ambiguity of matrix C in equation 3 can NOT be removed. Therefore, RANK adaptation to maximize DL throughput can NOT be decided at eNB from UL channel 
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estimated via UL SRS. Furthermore, without hardware calibration, CQI value for the lst layer transmission and CQI value for the 2nd layer transmission can NOT be precisely revised based on UL channel 
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estimated via UL SRS in TDD. 
Option 2: Reusing CQI scheme for BF mode in LTE R8 with CQIs revised at eNB for dual layer BF according to each layer’s beamforming gain (Only hardware calibration at eNB)
If hardware calibration at UE is not performed, CQI for dual layer BF can NOT be revised precisely and rank adaptation may not be optimal as analyzed in option 1. In this option, a CQI value is calculated and feedback by UE based on all the available CRSs in DL just as TxD schemes.  Assuming that dual polarization antenna array is used at eNB, for all the vertical polarization antenna elements and all the horizontal polarization antenna elements, two different beamforming weighting vectors can be formed based on the UL channel from the lth antenna of UE, which can be got even without hardware calibration at UE. Then, two CQI values for dual layer BF will be got at eNB by revising the UE reported CQI according to each layer’s beamforming gain. It should be noted that the optimal selection of lth antenna of UE is not what we care most in this stage. For example, if the UL channel from the 1st antenna of UE is selected where the first 4 elements are horizontally polarized and the last 4 elements are vertically polarized, two beamforming weight vectors for dual layer BF can be respectively formed as below,
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Where 
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Option 3: using CQI scheme for CL Spatial Multiplexing with CQI revise for dual layer BF at eNB

In this scheme, CQI scheme for CL SM in LTE R8 is used for dual layer BF transmission. That is,

Two CQI values and the preferred PMI index for dual layer BF will be feedback by UE. Next, CQI revision should be done at eNB according to each layer’s beamforming gain. In this scheme, rank adaptation can be done and reported by UE.

4 Simulation results

In this section, spectral efficiency in dual layer Beamforming mode is evaluated with system level simulation. Up to 8 polarized antennas are used in Beamforming transmission with [+45°, -45°] polarization direction as shown in Figure 1. Two polarized antennas are assumed at UE. 
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Figure 1 configuration of 8 dual polarized antennas

All the evaluations are based on the TD-LTE system simulation platform. Uplink-downlink configuration 1 are considered in which case each half radio-frame consists of 2 DL subframes, 1 special subframe and 2 UL subframes. The system simulation parameters can refer to the table in Appendix. 
The proposed CQI schemes for dual layer BF in section 3 are separately evaluated in Table 1. It shows that 

· CQI scheme in option 1 can achieve the best performance if hardware calibration is done at both eNB and UE. 
· CQI scheme in option 2 will suffer unacceptable performance loss because hardware calibration is NOT performed at UE.

· CQI scheme in option 3 will suffer less performance loss in mean spectral efficiency but will suffer much performance loss in cell-edge performance loss.

Table 1: spectral efficiency in DL dual layer BF
	CQI schemes
	Mean spectral efficiency per cell (bps/Hz)
	Cell-edge spectral efficiency per cell (bps/Hz)

	Option 1
	1.97=THP0

	0.059=THP0_EDGE

	Option 2
	1.53=(1-22%)*THP0
	0.033=(1-44%)* THP0_EDGE

	Option 3
	1.84=(1-6.6%)*THP0

	0.032=(1-46%)* THP0_EDGE


5 Conclusion

In this contribution, hardware calibration and CQI schemes for dual layer BF are discussed and evaluated. It shows that
· Hardware calibration at both eNB and UE should be done in order to fully exploit channel reciprocity in TDD.

· CQI schemes in transmission mode 7 based on all the available CRSs in LTE R8 can be reused for dual layer BF mode. 
· The UE reported CQI should be revised at eNB for dual layer BF based on UL SRS in TDD if hardware calibration is performed at both eNB and UE.
.  
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Appendix：System simulation parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	Average 10 UE per sector

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	
	

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm 

	BS antenna gain plus cable loss
	14 dBi 

	Noise figure at UE
	9dB

	
	

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2.0GHz

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Penetration Loss  
	20dB

	
	

	Channel model
	Spatial Channel Model (SCM)

	UE speeds of interest
	3km/h

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Number of antenna elements (BS, UE)
	(8, 2)

	Antenna separation (BS, UE) [times of wavelength]
	 (0.5, 0.5)

	Polarization or not
	Yes 

	
	

	Traffic model
	Full buffer

	Link to system interface
	Mutual information

	CQI / ACK/NAK feedback
	Refer to 3GPP TS 36.213 (TDD UL/DL configuration 1)

	Control and RS overhead
	3 OFDM symbols for DL control channel per DL subframe. 
Downlink RS for antenna port 0~1 and port 5.

	
	

	Scheduler
	Proportional Fair

	HARQ
	HARQ-CC

Maximum HARQ process follows 3GPP TS 36.213 (TDD UL/DL configuration 1)



	Rank adaptation
	2 codeword with rank adaptation

	Freq.-domain granularity of beamforming
	wideband beamforming

	Freq.-domain granularity of scheduling
	5PRBs

	Channel estimation 
	Ideal estimation

	Receiver algorithm
	MMSE SIC
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