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1 Introduction
At Athens meeting, a contribution on UE category ‎[1]  was presented and discussed. It is agreed that this paper can be used as a basis for continued discussion on the email reflector.  One suggestion proposed by this paper is that UEs are  divided into different categories (classes) , and the lowest class, class 1 UE, should only support one stream of MIMO transmission. The reason for such consideration is mainly the cost as class 1 UE is viewed as low end UE. 
In this paper, we put together some discussion on whether class 1 UE should support 2x2 MIMO transmission or not. In our view, the cost for class UE to support 2x2 MIMO is not that tremendous if MMSE receiver is used for 2x2 spatial multiplexing (SM) transmission and Alamouti decoder is used for SFBC transmit diversity. On the other side, we feel that the benefit to have class 1 UE support 2x2 MIMO transmission including SM and SFBC such as increasing UE peak rate and coverage, will offset the cost incurred and also simplify the procedure at Node B. Therefore, we recommend  to support 2x2 MIMO for class 1 UE. 
2 Support of 2x2 MIMO for Class 1 UE
2.1 Complexity vs Performance

2x2 MIMO transmission could include two types of transmission. One is spatial multiplexing (SM) transmission, and the other is transmit diversity transmission. SM transmission is two stream transmission over two transmit antennas which transmit two different layers of data. The main purpose of this transmission is to increase the UE peak data rate or sector throughout. The transmit diversity is one stream transmission over two transmit antennas, and the major beneficiary of such transmission are the cell edge UEs and UEs with ill-conditional channel matrices . To receive the SM transmission,  the receivers at UE could range from the most simple MMSE receiver to more complicated MLD or SIC receivers. For transmit diversity,  as SFBC is adopted as the transmit diversity scheme for E-UTRA downlink, the well known Alamouti decoder can be used at the UE to decode SFBC code.  

The main reason given by ‎[1] to not include 2x2 MIMO transmission for class 1 UE is the UE cost as class 1 UE is viewed as the low end UE. However, through analysis, it is noticed that if MMSE receiver is adopted to receive SM transmission and Alamouti decoder is used for SFBC, the cost incurred to support 2x2 MIMO is not significant. Table 1 contains the complexity comparison among 1x2 SIMO and 2x2 MIMO transmission. If taking into account the latest advanced silicon integration technology and so many complicated features supported by UE of nowadays, the additional complexity required at UE to support 2x2 MIMO transmission should not be considered significant. 

Table 1:  Complexity comparison for 1x2 SIMO and 2x2 MIMO transmission
	 Receiver Complexity (Per sub-carrier)
	Complex multiplication 
	Real Division 

	1x2  (MRC)
	2
	2

	2x2 SM (MMSE)
	8
	4

	2x2 SFBC (Alamouti)
	4
	2


Note: In complexity estimation, it is assumed that the normalization is done in the end to save the complexity 
The complexity estimated in Table 1 is based on the open-loop SM and transmit diversity. For the closed-loop 2x2 MIMO, the MMSE receiver complexity should be very close to that for the open-loop. In addition to MMSE receiver, to support 2x2 closed-loop MIMO requires additional complexity at UE, which includes storage of 2x2 precoding codebook, PMI search, PMI/rank feedback etc. There is therefore some additional complexity to support closed-loop 2x2 MIMO as compared with its open-loop counterpart even though this extra complexity is considered very small due to the small size of 2x2 codebook  , ,  
On the other side, the support of 2x2 MIMO for class 1 UE could bring many benefits. As shown from the studies presented in ‎[2] to ‎[4] for NGM check point teleconference, compared with 1x2 SIMO transmission, 2x2 SM could bring almost 90% gain in peak data rate, and more than 25% gain in sector throughput and cell edge throughputs. For 2x2 SFBC, it will bring more coverage gain than 1x2 SIMO. The similar gain of using SFBC as transmit diversity is observed even in a beamforming system when a linear antenna array of 8 high correlated antennas are used ‎[5]  Based on these results, if class 1 UE could support 2x2 MIMO, it should greatly enhance the performance of class 1 UE itself as well as that of the overall LTE system. 
2.2     Other Issues

Even though there is such possibility that a Node B in a LTE system could have only one transmit antenna, in most deployments, it is expected that Node B will support more than one transmit antennas, such as two or four transmit antennas. For such systems, there exist some difficulties in supporting class 1 UE if they don’t have receiving capability of 2x2 MIMO, such as SM or SFBC. It is because that if there are more than one transmit antennas at Node B, the system will use SFBC or SFBC+FSTD as transmit diversity to transmit a number of physical channels such as P-BCH, DPCCH, DPSCH, as SFBC code can not be decoded by a simple MRC receiver used for SIMO transmission, those class 1 UE who doesn’t support SFBC will simply not be supported in such system. 
For channels that transmit diversity may not be used, the rank-1 SIMO transmission in a 2x2 system can be realized through either using precoding or antenna selection, however, the channel estimation and decoding at UE are different for these two schemes and therefore, which scheme to be adopted should be captured in the standard.  If precoding is adopted, the UEs have to conduct the channel estimation like 2x2 MIMO, therefore no saving can be achieved there. If antenna selection is adopted, then there could be some issues related to how to move power from one antenna to the other to achieve the optimal performance.  In a word, there are many issues regarding support of SIMO transmissions in a 2x2 system, which should be clarified and evaluated. One way to avoid these issues is to simply mandate all UEs to support 2x2 MIMO in a 2x2 system. 
3 Conclusions
From the analysis and discussion presented in this paper, it is believed that it is better for class 1 UE to support 2x2 MIMO transmissions, which could include at least open-loop 2x2 SM and 2x2 SFBC transmission as transmit diversity. This is based on the fact that complexity increase at UE due to the introduction of SM and SFBC is very small, while the benefits these features bring to the UE and the systems are not negligible. 
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