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1 Introduction

In RAN1#57b meeting, several contributions about CQI calculation for dual layer BF were proposed. In [1][2], CQI schemes combined with PMI feedback for dual layer BF were proposed for both LTE FDD and TDD. While in [3][5], a CQI scheme without PMI feedback for dual layer BF was proposed for LTE TDD via exploiting channel reciprocity in TDD. 
However, for UEs without transmission antenna switching capability, it is difficult to achieve full DL channel state information via UL SRS. In [4], dual layer BF based on the transmit covariance matrix was proposed for single transmit antenna UEs and different evaluations for ULA configurations were also provided with ideal CQI. 
In this contribution, CQI schemes for dual layer BF in LTE TDD are discussed in section 2. Link-level simulations and system-levels simulation are provided in section 3. 
Based on the analysis and the results we conclude that PMI feedback is not needed for dual layer BF in LTE TDD.
2 CQI for dual layer BF for LTE TDD
For a dual polarization antenna array, one beam can be formed for each co-polarized antenna group. In [2], it is proposed that the PMI reported by UE can be used to co-phase the beam forming weights of the two groups. 
So, the received signal vector at UE for dual layer BF is
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Where 
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are beamforming vectors respectively for each co-polarized antenna group, C is precoding matrix indexed by the related PMI, 
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is symbol vector transmitted by dual layer BF, n is assumed to be i.i.d complex Gaussian noise vector with zero mean and variance of N0.  

The capacity of the equivalent channel 
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Where 
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is the power of transmitted symbols, and 
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, the number of spatial layers, is 2 for dual layer BF. Furthermore, assuming
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Where 
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is used in (3). 
From (3), it can be seen that the precoding matrix C has no influence on the channel capacity of dual layer BF in this scenario. Therefore, the adaptive selection of the precoding matrix C for dual layer BF transmission (rank=2) will not greatly improve the DL throughput. 
In section 3, simulation results will further justify this point. So, for this kind of dual layer BF transmission scheme, it may be suggested that

· A fixed precoding matrix can be used for dual layer BF (rank=2). 
Concerning the CQI scheme combined with PMI feedback for dual layer BF proposed in [1][2], CQIs with a fixed precoding matrix will also account for interlayer interference corresponding to the related precoding. To take into account the BF gain for each spatial layer, these CQIs should also be compensated accordingly for link adaptation. Such a scheme could also support frequency selective beamforming. If a fixed precoding matrix is used for dual layer BF (rank=2), we conclude that

· PMI feedback is NOT needed anymore even for UEs with only one transmit antenna. 
For single transmit antenna UEs in TDD, i.e. UEs do not have the capability of transmission antenna switching, only half CSI can be obtained from UL SRS. Assuming the UL SRS is transmitted only by the 1st antenna of the UE, the half CSI obtained at eNB is
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Where 
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is the channel between the ith antenna at UE and the jth antenna at eNB.

For PRB i, the transmission covariance matrix based on half CSI is,
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(5)
If flat fading is assumed within one PRB and the beamforming eigenvector is obtained from the transmission covariance matrix for PRB i in (5), only single layer BF can be performed. 
However, considering the frequency selectivity of the wideband channel, dual layer wideband BF can be performed using eigenvectors of the wideband transmission covariance matrix [4]. In this case, a TxD based CQI scheme can also be used for wideband BF and CQI should also be compensated at eNB for link adaptation.
Another way to do beamforming with half CSI for single layer beamforming, is to obtain the weight coefficients directly as below,
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This scheme is called MRC (Maximum ratio combining) beamforming to facilitate the discussion. 
Therefore, there is no need for PMI feedback for single layer BF in LTE TDD. For dual layer beamforming, one beam for each co-polarization group can be formed using half CSI in LTE TDD. Then, these two beams can be coordinated to support dual layer BF with a fixed precoding matrix. 
At UE side, TxD based CQI for single layer BF and CQIs based on fixed precoding matrix for rank=2 dual layer BF should also be compensated with respect to the different BF gains for link adaptation. 
From the above discussion, we conclude that 
· Even for single transmit antenna UEs in TDD, there is no need to feedback PMI for single layer and dual layer BF.  
· TxD based CQI for single layer BF and CQIs based on fixed precoding matrix for dual layer BF are sufficient for link adaptation. 
3 Simulation results

In this part, link level simulations and system level simulations are provided for dual layer BF. All the related simulation assumptions can be found in appendix A and B, respectively.
Broad beams are transmitted from each co-polarized antenna group, where the following weight coefficients are used, i.e. [-0.2421+0.3241i, -0.4938+0.8696i, -0.4938+0.8696i, 0.2603-0.5622]. 
In the following, precoding matrices for 2 antenna ports as in LTE R8 are used. For the convenience of discussion, these precoding matrices are listed below:
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In the following simulations, GoB based BF is evaluated with up to 16 possible beams. The BF is performed for each PRB using half CSI in TDD.
In Figure 1 and Figure 2, the throughput for dual layer BF (rank=2) with different precoding matrices is compared through link level simulations and system level simulations respectively. The CQIs calculated based on broad beam and the related precoding matrix have been compensated for link adaptation. 
Both results show that dual layer BF with a fixed precoding matrix can achieve nearly the same throughput as with an adaptively selected precoding matrix based on PMI feedback. 
Besides, in Figure 2, wideband BF with 5RB frequency granularity is also evaluated with beamforming weight coefficients obtained from the wideband transmission covariance matrix, which is obtained using half CSI [4]. Accordingly, TxD based CQI is used, which is again compensated based on the wideband correlation matrix to achieve the respective CQIs for dual layer transmission [3][5]. 
The result shows that there is some performance loss for wideband BF compared with the frequency BF schemes with better frequency granularity. 
Assuming half CSI at eNB side, two main schemes are evaluated in figure 3:
Scheme 1: BF + adaptive precoding matrix based on PMI

· GoB(Grid of beam) with 16 beams is used for BF on co-polarized antenna group
· PMI feedback from the UE is used to combine the beam from cross-polarized antenna groups
· The CQI feedback from the UE side also takes into account the impact from the reported PMI
· RI is fed back by the UE
Scheme 2: BF + fixed precoding matrix
· MRC beamforming shown in equation 6 is used for single layer beamforming and GoB with fixed precoding matrix C0 is used for dual layer beamforming
· TxD based CQI is feedback by the UE in single layer beamforming and CQIs based on a fixed precoding matrix is fed back by the UE for dual layer beamforming
· RI is fed back by the UE

Figure 3 indicates:

· For rank adaptation, scheme 2 has very similar performance as scheme 1, which means that PMI feedback does not bring any improvements and is not needed

· For dual layer beamforming, scheme 2 actually has very similar performance as scheme 1, which also means that PMI feedback is not needed.
· For single layer beamforming, scheme 2 has better performance than scheme 1 due to the gain obtained through MRC beamforming and in this case, PMI feedback is again not needed.
Conclusion:

Based on the performance and evaluation above, PMI feedback at UE side is not needed for Rel-9 beamforming especially in TDD. 
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Figure 1 throughput versus SNR for dual layer BF
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Figure 2 CDF of throughput for dual layer BF(rank=2)
[image: image21.png]cor

)
Scheme 2R ark Adaption)

Thoughpubge)

i
7

i
g

o




Figure 3 CDF of throughput for dual layer BF (rank adaptation)
4 Conclusion

In this contribution, CQI schemes for dual layer BF are discussed and evaluated assuming that RI feedback is available from the UE. Based on the analysis and the results we conclude:
· PMI feedback at UE side may not be needed for Rel-9 beamforming in TDD

· For single layer beamforming, TxD based CQI should be used for Rel-9 beamforming in TDD
· For dual layer beamforming, even for single transmit antenna UEs, CQI based on a fixed precoding matrix is sufficient for Rel-9 beamforming in TDD.
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Appendix A： Simulation assumptions for link level simulations
	Carrier Frequency
	2.0 GHz

	system bandwidth
	5MHz

	UE Speed
	3km/h

	Number of Antennae
	8×2

	Channel Model
	SCM-C (dual polarization)

	Antenna separation (BS) 
	0.5

	Polarization direction（BS）
	(+45 degree,-45 degree)

	Polarization direction（UE）
	(0 degree,90 degree)

	SRS estimation error
	Ideal

	Nb of codewords
	2

	AMC
	Yes

	CQI delay (ms)
	1

	Rank Adaption 
	fixed rank=2

	HARQ
	NO

	BF processing scheme
	GoB(Grid of Beam) with 16 beams

	PDSCH Channel Estimation
	Ideal

	granularity of Beamforming(RB)
	1

	Subband bandwidth of CQI(RB)
	4

	Receiver
	MMSE


Appendix B： Simulation assumptions for system level simulations
	Parameter
	Assumption

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

	Inter-site distance
	1732m

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm – 10MHz carrier

	BS antenna gain plus cable loss
	14 dBi 

	UE antenna gain
	0 dBi

	Noise figure at UE
	9dB

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

 I=128.1 – 2GHz

	Minimum distance 

between UE and cell
	>= 35 meters

	Lognormal Shadowing with shadowing standard deviation
	8 dB for macro cell

	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)
	 = 70 degrees,  Am = 20 dB 

	Number of antenna elements (BS, UE)
	(8, 2)

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

	Polarization direction（BS）
	(+45 degree,-45 degree)  

	Polarization direction（UE）
	(+45 degree,-45 degree)

	Traffic model
	Full buffer

	Link to system interface
	Mutual information

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

	Control and RS overhead *

	3 OSs DL control and port 5. antenna port 0, or port 0~1

	Scheduler
	Proportional Fair

	HARQ
	HARQ-CC, Maximum 4 transmission times, Maximum HARQ process follows 3GPP TS 36.213 (TDD UL/DL configuration 1)

	Rank adaptation
	rank=1/2/rank adaptation

	BF processing scheme
	subband beamforming : 
GoB(Grid of Beam) with 16 beams
Wideband beamforming: 
EBB based on wideband covariance matrix

	Freq. domain granularity of BF
	1PRB for precoding matrix based dual layer BF;

5 PRB for wideband BF based on correlation matrix;

	Receiver
	MMSE

	Uplink-downlink configuration
	each half radio-frame consists of 2 DL subframes, 1 special subframe and 2 UL subframes
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