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1.
Introduction
LTE-Advanced is required to provide considerable improvements over Release 8 LTE in cell edge user throughput as well as in peak and average spectral efficiency [1]. Single user uplink MIMO is seen as one of the key techniques to meet the versatile requirements. Multiple SU-MIMO schemes and aspects to be considered and studied for LTE-Advanced have been discussed in several contributions, including [2] and [3].  
In this contribution, we present our view on SU-MIMO transmission schemes that are suitable for different physical channels and need to be studied for LTE-Advanced. We also discuss the various aspects related to different physical channels that need to be considered when SU-MIMO transmission schemes are compared.
2.
Open Loop Transmit Diversity Schemes
It is important that SU-MIMO terminals can have sufficient coverage and throughput in the whole range of radio channel conditions supported by LTE-Advanced.  On other hand, SU-MIMO terminals rely on open loop transmit diversity schemes when acquiring timely channel state information on uplink is either impossible or unfeasible. Thus we see that good performance of open loop transmit diversity schemes in diverse radio channel conditions is essential in ensuring sufficient coverage and throughput for SU-MIMO terminals. 

One of the key features for the transmit diversity schemes is that the transmission power from all available power amplifiers can be utilized when needed, as stated e.g. in [3].  Additionally, we see that following aspects should be taken into consideration when studying and comparing different open loop transmit diversity schemes:
· Transmission scheme should provide diversity gain against fading channel
· Scheme should also  provide diversity gain against frequency selective interference from neighboring cells
· Scheme should be robust against high Doppler frequencies
· Scheme should maintain good performance with various antenna correlation values

· Scheme should have high backward compatibility with Rel’8 terminals to simplify the multiplexing of LTE-Advanced and Rel’8 terminals

· Scheme should support same multiplexing capacity on PUCCH as Rel’8 or, alternatively, support increased control data rate, which may be frequently required from LTE-Advanced PUCCH.
· Scheme should support at least the coverage of Rel’8 terminals, or improve the coverage for given control data rate
· Scheme should have favorable CM properties, allowing for scheduling of low CM transmission when needed.
· Scheme should be applicable for up to 4 transmit antennas
· Scheme should be applicable for both normal and extended CP length  

In the case of PUCCH, required backward compatibility as well as PUCCH specific multiplexing and signaling solutions set tight requirements for potential diversity schemes. Hence, it is difficult to see that a single transmit diversity scheme could be optimal for both PUCCH and PUSCH. Therefore, transmit diversity schemes for physical uplink channels are considered separately in the following. Transmit diversity schemes seen as promising candidates for further studies are listed for each physical channel separately.
Transmit Diversity Schemes for PRACH
SU-MIMO terminals with two, or more, power amplifiers should have at least the same PRACH coverage as the Rel-8 LTE terminals. Thus, simultaneous PRACH burst transmission from all transmit antennas is a beneficial feature for a diversity scheme. The diversity scheme should also facilitate for sufficiently accurate timing estimation from the received PRACH preamble. It should also maintain efficient use of PRACH resources as well as the backward compatibility with Rel’8 PRACH transmissions. 

Some of the transmit diversity schemes, like Space-Time Block Code (STBC) or Space-Frequency Block Code (SFBC), are unsuitable for the basic signal structure of PRACH burst. Efficient application of Frequency Switched Transmit Diversity (FSTD) to PRACH burst neither seems possible. However, we see following transmit diversity schemes as promising candidates to be studied for LTE-Advanced PRACH:

· Cyclic Delay Diversity (CDD) 
· Precoding Vector Switching (PVS).
Both diversity schemes support simultaneous transmission with low CM from all transmit antennas and can potentially yield simple, Rel’8 backward compatible solution. Although CDD involves a compromise between diversity gain and timing estimation accuracy, a reasonable trade-off may be possible.

Transmit Diversity Schemes for PUCCH
In the investigation of transmit diversity for PUCCH, the variety of different PUCCH formats must be taken into account. Most likely, a single diversity scheme is not best possible for all PUCCH formats and, thus, suitability of a diversity scheme need to be studied specifically for each PUCCH format, taking into account corresponding requirements.    
In the case of PUCCH, SFBC is not seen as a promising scheme due to the degraded CM properties. CDD achieving sufficient diversity gain can be expected to decrease PUCCH multiplexing capacity due to the increased multiple access interference without providing increase in control data rate. Thus, CDD does not appear as an attractive candidate. Nevertheless, there is a variety of potential diversity schemes to be considered in the PUCCH related studies:

· Precoding Vector Switching (PVS). In the case of PVS, switching both between and within transmission slots can be considered, as long as orthogonality is maintained with Rel’8 terminals multiplexed on the same PRB.    

· Space Time Block Coding (STBC), mainly in the context of CQI transmission. 
· Orthogonal Resource Transmission (ORT) [12] or Space Code Transmit Diversity (SCTD) [11]. In these schemes multiple PUCCH resources are allocated for a single UE, but they may be extended to offer an increase in the corresponding control data rate.  
For TDD, non-codebook based precoding should be additionally considered. For non-codebook precoding scheme where UE autonomously defines the precoding vector based on channel reciprocity, the impact of non-ideal channel reciprocity needs to be taken into account. Additionally, the achievable gains should be contrasted with the cost of potentially required calibration. 
Transmit Diversity Schemes for PUSCH
Transmit diversity schemes and aspects to be considered and studied for PUSCH have been discussed in several contributions, including [4],[5],[6],[7], [8] and [9]. For PUSCH, we see following schemes as promising candidates for studies on open loop transmit diversity:

· Space Time Block Coding (STBC). There are several attractive solutions for the related problem of unpaired symbol in a slot or subframe as listed e.g. in [4]. These include the use of FSTD, CDD, random precoding or other transmit diversity method on the unpaired symbol or, alternatively, spatial multiplexing. 

· Frequency Switched Transmit Diversity (FSTD), and in particular schemes with favorable CM properties.
· Cyclic Delay Diversity (CDD).
For TDD, non-codebook based open loop precoding could be additionally considered. As with PUCCH, the impact of non-ideal channel reciprocity needs to be investigated, and the achievable gains need to be contrasted with the cost of potentially required calibration. Additionally, the rank and link adaptation will be determined by node B. The impact of possible inconsistency between the decisions at UE and NB sides should also be taken into account.
3.
Closed Loop Transmit Diversity Schemes

Closed loop transmit diversity, that is, single-stream precoding with closed loop precoding vector indication decided by eNB, is an attractive LTE-Advanced PUSCH scheme for SU-MIMO terminals with multiple transmit antennas and power amplifiers. Closed loop transmit diversity is expected to improve average user throughput and, in particular, user throughput at the cell edge. In [13], CL transmit diversity is shown to outperform open loop transmit diversity in low mobility conditions where arrangement for sufficient uplink channel sounding and sufficiently fast feedback is feasible. Due to its simplicity, we see that a fixed precoding codebook with precoding vector indicator on UL grant should be considered as a baseline for CL transmit diversity.
There are numerous schemes for closed loop transmit diversity with various inter-related designs for precoding vectors, reference signals, and control signals. When studying and comparing different CL transmit diversity schemes, we see that the focus should be on the following aspects:

· Improvements on average and cell edge user throughput
· Requirements on control signaling
· Efficient use of available transmission power resources

· Throughput with various antenna correlation values

· Throughput with various allocation bandwidths

· Required demodulation as well as sounding reference signal resources

· Favorable CM properties. 

4.
MIMO Spatial Multiplexing

Multi-stream spatial multiplexing is expected to improve average user throughput and UL peak data rate. Similarly to single stream transmission, multi-stream spatial multiplexing schemes involve various inter-related designs for precoding matrices, reference signals, HARQ processes, layer mapping, and control signals as discussed e.g. in [14]- [16]. However, one main division is between non-precoded and precoded schemes. We expect relatively moderate gains from precoding in full-rank transmission, which is the normal case in uplink multi-stream transmission. Thus, we see the non-precoded spatial multiplexing as the baseline option. Baseline option should also have separately encoded layers to facilitate efficient use of advanced receivers at the base station. Nevertheless, we see that the precoded multi-stream transmission should be investigated further. Especially, for TDD system, the non-codebook based precoding scheme need to be studied further, taking realistic assumptions on impairments such as inaccuracy on channel reciprocity into account.  

In the comparison of different MIMO spatial multiplexing schemes, we see that the focus should be on:

· Improvements on average throughput

· Requirements on control feedback

· Throughput with various antenna correlation values

· Required demodulation as well as sounding reference signal resources

· CM properties.

6.
Summary

In this contribution, uplink transmission schemes for SU-MIMO terminal with multiple power amplifiers were considered. Suitable transmission schemes for open loop and closed loop transmit diversity as well as for spatial multiplexing were discussed.  For open loop transmit diversity, multiple diversity schemes were identified for each uplink channel as candidate schemes to be investigated further.
We also considered the key aspects on which comparisons between different schemes should focus. We noted that these aspects depend on the considered channel and the type of uplink transmission. We propose that the aspects listed on previous sections are taken into account in the comparison and evaluation of uplink SU-MIMO transmission schemes. 
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