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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], CQI estimation method and relevant simulation results are presented for enhanced beamforming technology. In this contribution, more details about dual 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 Some implementation details
In order to support dual-stream beamforming transmission, dual ports DRSs are required. In [3], few options of dual ports DRSs design were presented with simulations. In the following sections, we will analyze the CQI estimation methods and relevant issues based on dual ports DRSs. The reference pattern for dual ports DRSs is attached in the appendix 1.
2.1 CQI estimation 
A simple algorithm for CQI calculation in [2] is given below:
· Downlink CQI based on CRS= reference signal power/ (interference+noise), denote CQI0; 

· Two CQIs derivation based on SRS is as follows:

a) Beamforming gain G1 of single stream transmission can be obtained via simulation or field test. 

b) Two eigenvalues represent the different performance gains for each stream, denote A1 and A2.

c) First layer CQI equals the G1+CQI0, and 2nd CQI equals G1*A2/A1+CQI0

d) Adaptively modified to adjust the real CQI.

2.2 Rank adaptation for dual-stream beamforming
In order to increase the robustness of dual-stream transmission, rank adaptation is necessary. The first aspect is rank determination. From the system throughput point of view, channel quality and the rank value of channel matrix are considered together. For TDD system, the eNB can determine the rank based on the SRS and CQI. Another method is that the UE feedbacks the rank value to eNB based on CRS or assisted by DRS. 
The second aspect is that DRS pattern switching for rank adaptation. From the discussion in RAN1 55bis meeting, the dual port DRS pattern design needs to consider the complexity, performance and extension of more than 2 ports DRS. An simple solution is to design dual ports DRS pattern for two streams and reuse single port DRS pattern in port 5 for single stream. The DRS could be CDM based for two streams or more and while for single stream transmission, the port 5 DRS pattern is reused. 
2.3 Uplink SRS transmission
In the CQI estimation method mentioned above, the full channel information acquisition in the eNB side is a necessary. From UE side, a simple method of antenna switching to transmit SRS will assist the eNB to obtain the full channel information. However, in the Rel-8 specification, antenna switching is not mandatory. From the system optimization perspective, antenna switching will increase diversity gain in uplink transmission. Keeping in mind the complexity and standardization aspects, supporting antenna switching at UE shall not be an obstacle.
3 Performance evaluation  
In RAN1#55bis, the preliminary simulation results obtained in relatively ideal condition were provided in [2]. Here, we review the gain of dual streams 2x2 code book based precoding and the gain obtained in 8x2 non-codebook based precoding with non-ideal simulation assumptions. 

In this section, spectral efficiency in Beamforming mode is evaluated with system level simulation. For beamforming technique, the evolution from single stream to dual stream will not only bring the system throughput increased, but also reduce the inter-cell interferences, furthermore, introduce the perfect SDMA technique based on smart antennae. The detailed simulation assumption is listed in appendix2. 
· 2×2 case review
Simulation details: 
a) PMI selection: based on 36.211

b) CQI delay 5 ms
c) Rank adaptation: enabled

Table 1 Performance comparison of single stream and dual streams for 2x2 case
	 
	Spectrum efficiency

bps/Hz
	Gain

	2×2 single stream 
	1.46
	100％

	2×2 dual-stream, 
	1.57
	107.5%


· 8×2 result comparison
Simulation details:

(1) non-ideal assumption:  
a) SRS delay 20ms
b) CQI delay 10ms, quantized error 1 dB
c) SRS channel estimation error:1/Geometry, Geometry is signal to noise plus interference ratio
d)  EVM error: 5%
(2) Overhead: 3 symbol for downlink control channel, 2 CRS, 12 RE DRS per PRB, special subframe overhead in TDD configuration 1
(3) SRS transmission: 2 antenna switching

     (4)  Rank adaptation: enabled
        Table 2 Performance comparison of single stream and dual streams for 8x2 case
	 
	Spectrum efficiency

bps/Hz
	Gain

	8×2 single stream BF based on TXD
	1.94
	100％

	8×2 dual-stream BF, CQI based on CRS and SRS
	2.25
	116%


In the tables above, the performance between single stream and dual stream beamforming for 2x2 codebook based and 8x2 non-codebook based are compared. Non-codebook based dual stream beamforming shows 16% performance gain over single stream. According to table 1, the performance gain of dual stream over single stream in 2×2 antenna configuration is about 7.5%. Based on this point, the performance gain of dual streams beamforming is considerable. 
Hence, dual-stream beamforming not only increases the average throughput, but also increase peak data user throughput. As is shown in the figure 1, cell-edge user with low SNR can choose rank-one transmission, while cell-center user will choose rank-two transmission. With rank adaptation enabled, the user spectral efficiency of the whole cell can be improved over single stream transmission. As the enhancement of single stream beamforming, dual stream beamforming can support more peak data rate for certain users. It is also a main motivation for the evolution of MIMO technique.
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                        Figure 1 User spectral efficiency distribution
4 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. 
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Appendix1：Dual ports DRSs pattern
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Appendix2: 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
	SCM-E

	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)
	(2,2)/ (8, 2)

	Antenna separation (BS, UE) [times of wavelength]
	 (10,0.5)/(0.5, 0.5)

	Polarization or not
	Yes 

	
	

	Traffic model
	Full buffer

	Link to system interface
	EESM

	
	

	Scheduler
	Proportional Fair

	HARQ
	Maximum 4 retransmission 

	Channel estimation error
	Ideal estimation

	Receiver algorithm
	MMSE 
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