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1 Introduction

Beamforming technique is based on the antenna array with the small inter element distance. In LTE Rel-8 [1], beamforming is already supported, however only single antenna port is available. In LTE future releases, enhancement of beamforming to support multi-stream transmission shall be considered to further improve the system capacity. 
In [2], some preliminary analysis is presented for enhanced beamforming technology. In this contribution, more details about enhanced beamforming based on single user multi-beamforming and multi-user multi-stream beamforming are discussed further. Simulation result has shown that multi-stream beamforming has significant performance gains over single stream beamforming with very small impact on LTE Rel-8 specifications. 
2 CQI estimation and related issues
In LTE Rel-8, single port transmission mode for beamforming is supported. In order to fully exploit the technical advantages of beamforming, the evolution of bamforming should be considered. From single stream beamforming to multi-stream beamforming, spatial multiplexing gain can be achieved, while from single user beamforming to multi-user beamforming, multi-users diversity gain can be achieved. In order to support dual-stream beamforming transmission, dual ports DRSs are required. In the [3], detailed analysis is presented for dual ports DRSs design. In the following sections, we will analyze the CQI estimation methods and relevant issues for single user dual-stream beamforming and multi-user beamforming with single stream each, based on dual ports DRSs. The reference pattern for dual ports DRSs is attached in the appendix 1.
2.1 CQI estimation and rank adaptation of single user dual-stream beamforming 
Currently CQI feedback scheme of port 5 for single stream transmission has been determined, but additional factors should be considered in order to support dual ports beamforming transmission. In the following we give the possible CQI estimation scheme, and we also give rank adaptation solution in order to increase flexibility of dual-stream beamforming. 

· CQI estimation 
· Scheme1: Feedback a CQI based on all CRSs, and the eNB performs compensation based on SRS, preferred in TDD system.
In this scheme, CQI feedback mode is the same as the Rel-8 port 5 transmission mode. For 1, 2, 4 port CRSs, the UE can derive a CQI based on the CRSs ports according to PBCH and feedback 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. Computation of two CQIs could be based on the eigenvalue 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.
· Scheme2:  CQI estimation based on CRS and DRS jointly
When DRSs are being transmitted on a specific frequency band, the CQI estimation based on CRS and DRS jointly is also an alternative solution. In this scheme, the UE can derive the CQI based on the CRS and DRS. However, the DRS is only allocated in the partial frequency band and partial subframes. 
From the frequency domain and time domain property of CQI feedback, this scheme is only applicable in aperiodic CQI feedback mode.
· Scheme 3:  CQI estimation based on all CRSs    
 In this scheme, the UE gets the preferred beamforming vector based on all available cell-specific RSs and computes the dual-layer CQIs with its preferred beamforming vectors. When the number of CRSs is less than the number of transmitted antennae, the eNB should revise the CQIs according to beamforming gain. In the Rel-8, only up to four cell-specific RSs are supported in the downlink, so the performance of this scheme needs further study when the number of transmitted antennae is more than the number of CRSs.   
· RANK adaptation for dual-stream BF
· Rank determination 

Option 1:  The eNB determines the rank based on the SRS and CQI.
Option 2:  The UE feedbacks the rank value based on CRS or DRS. 
Option 1 is slightly preferred.
· DRS pattern switching for rank adaptation
Option 1: Dual ports DRS pattern for two streams, single port DRS pattern of current port 5 for single stream. 

Option 2: Dual ports DRS pattern unchanged for dual-stream and single stream transmission. 
In this case two DRSs are transmitted even if only single stream beamforming transmission is carried out.
Option 3: Dual ports DRS pattern for two streams, only single port DRS of dual ports pattern for single stream, another port resource for data transmission 

           Option 1 is slightly preferred.
2.2 CQI estimation of multi-user beamforming 
Multi-user beamforming based on SDMA utilizes different channel characteristics among multiple users. Multiple geographically separated UEs occupy the same time-frequency resources, and the interference among the users is mitigated with efficient multiple UE scheduling, thus the cell throughput is increased. We think two users dual-stream, one stream each, beamforming is the baseline for multiuser beamforming. In order to utilize the SIC receiver, dual ports DRSs should be deployed. Based on CQI feedback mode of current port 5 single stream beamforming transmission, we propose the following CQI estimation method:
· CQI estimation scheme: Feedback a CQI based on all CRSs and performing compensation at the eNB.
3 Performance evaluation of CQI estimation  
In this section, spectral efficiency in Beamforming mode is evaluated with system level simulation. In order to evaluate the performance of different CQI schemes, single user dual-stream beamforming is assumed. 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

3.1 Link level result

The detailed simulation assumption is listed in appendix2.
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Figure 2 CQI estimation performance comparison for 2 CRSs
From the figure above, it can be seen that CQI estimation based dual ports CRSs and SRS exhibits closer performance as based on full bandwidth DRSs, which is the optimal CQI estimation method. In the simulation, 2 CRSs are assumed. In real CQI estimation, SRS is transmitted via antenna switching, and the eNB can get the full channel information within 5ms. Furthermore, SRS estimation error is also considered. In the uplink transmission, 2 users transmit the SRS with CDM and SNR is the same as the downlink transmission. Though simulating real simulation conditions, CQI estimation method based CRSs and SRS is still robust.
In order to further evaluate the CQI estimation performance based on CRS and SRS, CQI estimation accuracy based on different number of CRSs is compared. In the following figure, 8 CRSs are assumed. It is noted that additional 4 ports CRSs have the same density as port2/3 CRS of Rel-8 specification. Except the CRSs number is different from figure 2, other assumptions are the same. And, the overhead in port 0/1 CRSs, SRS based CQI estimation and the CQI estimation based on 8 CRSs are same. Obviously, the performance of CQI estimation scheme based on dual ports CRSs and SRS shows similar performance as the CQI estimation based on 8 CRSs. Considering the complexity and other standardization issue, we think the CQI estimation based on CRS and SRS is feasible for dual-stream beamforming.  
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Figure 3 CQI estimation performance comparison for 8 CRSs
3.2 System level result
The detailed simulation assumption is listed in appendix3.
        Table 1 Performance comparison of different CQI estimation
	 
	Spectrum efficiency

bps/Hz
	Gain

	8×2 dual-stream BF, Actual CQI based full bandwidth DRS 
	2.81
	127％

	8×2 dual-stream BF, CQI based on CRS and SRS
	2.73
	124%

	8×2 one stream BF, CQI based TxD 
	2.21
	100％


In the table above, different CQI estimation schemes are compared. It can be seen that CQI estimation based on CRS and SRS exhibits closer performance as based on full bandwidth DRSs. In the simulation, the channel estimation error based on uplink SRS is assumed to be zero-mean complex Gaussian with variance -12dB, where 12 dB is average SINR of all users downlink transmission. Rank adaptation is disabled. From simulation results, dual-stream beamforming has significant performance gain over single stream beamforming. Considering that CQI estimation based on the full bandwidth DRSs is an ideal method, the CQI estimation scheme based on CRS and SRS is applicable and very promising. 
4 Impact on specification
To support enhanced beamforming, some potential impact on specification can be foreseen. We outlined two basic aspects.
· Define new UE-specific reference signals 
Currently only port 5 reference signal can be used as beamforming, so the extension of UE-specific reference signal is necessary. In order to achieve suitable pilot pattern, some factors should be taken into account, for example, pilot overhead, performance, back-compatibility, and so on.
· Control signaling of multi-streaming, including DCI format, CQI feedback mode, and etc.
From above discussion, CQI estimation method and rank adaptation of single user dual-stream transmission can be solved easily. Considering that MU-MIMO mode is supported in current Rel-8 specification, multi-user beamforming is a natural extension of single port bemaforming transmission.
5 Conclusion
The beamforming technique not only increases the capacity and coverage, it is also suitable for single multi-stream transmission and multi-user multi-stream transmission. In TDD system, because of the channel reciprocity in uplink and downlink, enhanced multi-stream beamforming could fully exploit this advantage. Simulation results have shown that dual-stream beamforming has significant performance gain over single stream beamforming. 

From implementation and the impact to current REL-8 specification, there is no big obstacle about enhanced bemamforming standardization. In conclusion, it can be seen that beamforming is a promising technique for the future releases of LTE.
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Appendix1：Dual ports DRSs pattern
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Appendix2: Link level simulation parameters
	Number of Antenna
	8×2 

	Inter element distance at UE
	0.5 lambda

	Inter element distance at eNodeB
	0.5 lambda

	system bandwidth
	5M

	Channel Estimation
	Real 


	Channel Model
	SCM-UrbanMacro

	Modulation
	QPSK/16QAM/64QAM

	Coding Rate
	1/5、1/4、1/3、1/2、2/3、3/4、4/5

	Channel Coding
	Turbo code

	Number of HARQ retransmission
	4

	Carrier Frequency
	2.0 GHz

	Detection algorithm
	MMSE

	CQI feedback delay 
	5 ms

	Sounding period 
	5 ms

	number of PRBs
	6

	UE Speed
	3km/h

	Overhead 
	3 control symbol , 2/8 ports CRSs and dual ports DRSs


Appendix3: 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)
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	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
	EESM

	Control and RS overhead
	3 OFDM symbols for DL control channel per DL subframe. 

Downlink RS for antenna port 0~1 and port 5/dual port DRSs.

	
	

	Scheduler
	Proportional Fair

	HARQ
	Maximum 4 retransmission 

	Channel estimation error
	Ideal estimation

	CQI feedback delay 
	5 ms 

	SRS delay 
	5 ms 

	Receiver algorithm
	MMSE 
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