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1 Introduction
According to the current discussions on LTE-Advanced (LTE-A), UL MIMO is considered to achieve the required uplink spectrum efficiency. At RAN1#53bis meeting, up to 4×4 MIMO was proposed. 
Discussions of UL MIMO schemes including spatial multiplexing and open loop TX diversity have been presented in a number of contributions [1]-[9]. Regarding TX diversity, some considerations and initial comparisons were done in [3]-[8], however these contributions focus only on 2 TX antenna schemes. Since 2 TX as well as 4 TX antenna UEs are considered for spatial multiplexing purposes, we need to study both 2 TX and 4 TX antenna diversity schemes.
In the document, some criterions for uplink TX diversity including 2 and 4 TX antennas are presented, and then viable uplink TX diversity schemes for 2 and 4 TX antennas are proposed based on the criterions. Finally we present a text proposal to capture these criterion. 
2 Criterion for uplink TX diversity selection
Here follows a review of the basic criterion for selecting the uplink TX diversity candidates in LTE-A:
I. Preserve the single carrier property
The single carrier property is very important for uplink transmission, especially for low geometry scenario where it could extend the cell coverage or improve cell edge spectrum efficiency. As TX diversity is targeted for the low geometry scenario, the selected uplink TX diversity should preserve the single carrier property. This view has also been suggested in almost all the contributions related to uplink TX diversity [2] [4]~[9]. 

II. Avoid the pairing problem
In the uplink, the number of symbols that is used for data is not a constant. It depends on whether a sounding reference signal is present in the subframe or not. This means that the number of data symbols in a subframe can be either odd or even. If a TX diversity scheme which utilizes space-time coding over two consecutive SC-FDMA symbols are used in a subframe with an odd number of symbols, then this scheme will generate a pairing problem, since the last symbol is missing its corresponding paired symbol. 
An example of a scheme with a pairing problem is the STBC, which must use another transmit scheme different from STBC in the last symbol, in the case of odd number of symbols. This will force the use of two different transmitter structures at the UE and two corresponding receiver structures at Node B, which is not desirable from complexity point of view. To solve the pairing problem, a TX diversity scheme which is confined within one symbol should be selected since it is agnostic to the number of used data symbols. 
III. Scalable reuse of the receiver 
In the uplink, the Node B receives data from multiple UEs with different configurations. The receiver for different configurations should be reused as much as possible to reduce the complexity of Node B. Therefore, reuse of the receiver structures between 2 and 4 TX antenna diversity should be considered when selecting the TX diversity scheme. It is also desirable if the transmitter structure for TX diversity of 2 and 4 TX UEs can be reused, i.e. is scalable.
3 Description of viable TX diversity schemes 
Among the current uplink TX diversity candidates, there are only three schemes that fulfil the criterion in Section 2. These are : 

· CDD [3-7]
· FSTD [4][6] 

· Modified-SFBC based [8-10]
The details of CDD and FSTD have been extensively discussed in LTE and in many current contributions [3-4] [6-7]. The CDD and FSTD schemes are straightforwardly scaled from 2 TX  to 4 TX antennas. Also the Modified-SFBC for 2TX antennas [8] could be scaled to a 4 TX antenna scheme as in [9], and reuse transmitter blocks and receiver blocks from the 2 TX Modified-SFBC scheme. This will be shown in the remaining part of this section.
The transmitter structure of 2 TX antennas Modified-SFBC is shown in Figure 1.
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Figure 1 Transmitter structure of 2 TX antennas Modified-SFBC
The purpose and details of reversing, cyclic shifting, conjugating and adding minus signs operations are described in [9]. The receiver structure of 2 TX antennas Modified-SFBC is shown in Figure 2, assuming a single receive antenna. The “Modified-SFBC receiver block” contains basically a SFBC decoder for SC-FDMA but where the non-conventional subcarrier mapping of the second transmit antenna has been taken into account.  
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Figure 2 Receiver structure of 2 TX antennas Modified-SFBC
The corresponding 4 TX antennas Modified-SFBC+FSTD transmitter and receiver structures are shown in Figure 3 and Figure 4 respectively.
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Figure 3 Transmitter structure of 4 TX antennas Modified-SFBC+FSTD
We can see that the Modified-SFBC transmitter block from the 2TX scheme is used twice, once in each of the two separate branches, thereby reusing the 2TX transmitter structure. Further details of 4 TX Modified-SFBC+FSTD can be found in [9], where there are two flavors of subcarrier mappings suggested, denoted type I and type II. 
The receiver for 4TX Modified-SFBC+FSTD can reuse the 2TX Modified-SFBC receiver since the sub-carriers allocated for the two Modified-SFBC branches are disjoint, and thus the two Modified-SFBC branches can be demodulated independently, without any cross-interference. Thus the Modified-SFBC receiver block in the 2TX scheme is efficiently reused in the 4TX diversity scheme, which is beneficial from a complexity point of view. This is illustrated in Figure 4 and proves that the Modified-SFBC scheme is scalable according to the criterion in Section 2.
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Figure 4 Receiver structure of 4 TX antennas Modified-SFBC+FSTD
4 Conclusion
In this document, the criterions for selection of UL TX diversity candidates in LTE-A are given. It is concluded that the selected scheme should be

· Single carrier
· Free of the pairing problem

· Scalable in the receiver and transmitter architecture between 2 and 4 TX antennas

Based on the criterions a text proposal for TR 36.814 is given in the next section. 
.
5 Text proposal for TR 36.814
%----------------------------------------------------------------------------%

6.2
Uplink transmit diversity

Uplink transmit diversity using up to four antenna ports is considered for LTE-Advanced. The selected scheme(s) should have the following properties:

· Single carrier 

· Free of the pairing problem

· Scalable in the receiver and transmitter architecture between 2 and 4 transmit antenna ports
Examples of UL transmit diversity schemes include CDD, Modified-SFBC, Modified-SFBC+FSTD and FSTD.
%----------------------------------------------------------------------------%
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