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1 Introduction

The selection of TX diversity scheme for LTE-Advanced uplink should naturally be made by comparing link performances. However, there are some other issues that needs to be taken into consideration when selecting the TX diversity scheme. This contribution discusses these issues and lists some guidelines for selection of the uplink TX diversity schemes for LTE-Advanced. 

In this contribution, we focus on the design for the Physical Uplink Shared Channel (PUSCH). It is our view that the design of TX diversity for Physical Uplink Control Channel (PUCCH) and PUSCH are two separate issues. Although the design guidelines discussed here are general and thus also apply for PUCCH, the design for PUCCH has additional constraints since the code multiplexing between users in Rel.8 must be reused to ensure backward compatibility with the Rel.8 PUCCH. This implies that PUCCH needs to be handled separately. 

2 Design criteria for PUSCH TX diversity
Here follows some design criteria with motivations to guide the selection of TX diversity scheme: 
2.1 The cubic metric

It was agreed during RAN1#55bis that a single carrier (SC) property is preferred (low cubic metric (CM)) but questioned whether a single carrier property of the selected TX diversity scheme itself needs to be strictly maintained since other design choices such as non-contiguous resource allocation (RA) and carrier aggregation destroy the single carrier property. 
Our view is that the selected TX diversity scheme shall have the property that with the baseline operation (contiguous RA and single component carrier) the single carrier property is preserved so that the best possible coverage can be obtained. This is important for the cell edge users and for the system to have the capability to fall back for the maximum coverage. 
Property 1: The selected TX diversity scheme should maintain the single carrier property in the single component carrier and continuous resource allocation
2.2 The pairing problem

Furthermore, the number of symbols per subframe that is used for data is 9, 10, 11 or 12 depending on whether a sounding reference signal (SRS) is present in the subframe and if a normal or extended cyclic prefix (CP) is used or not. If a block based TX diversity scheme that maps an encoded symbol pair to two resource elements in the time direction is assumed, then complexity will increase since the mapping, the receiver and the performance will depend on the presence of SRS, the CP length and whether slot hopping is enabled or not. Some examples of occurring problems are discussed below.
It has earlier been shown [1] that the loss of STBC compared to SFBC is about 0.7 dB at high speeds with perfect channel estimation, due to time selectivity. With realistic channel estimation, the loss is expected to be even larger, since only one DRS per slot is available for channel estimation in time direction. Furthermore, with the slot format for normal CP and no SRS, see Figure 1, one symbol pair needs to be split on both sides of the DRS, which will increase the time between the symbols in the pair and further decrease the performance in a time selective (high speed) channel. 
Figure 2 shows the same paired symbol split problem but also with a SRS symbol in the slot, which implies that one symbol can not be paired. For this symbol, a special TX diversity must be used, such as CDD or FSTD. Hence, a special receiver must be used to handle unpaired symbols. 
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Figure 1 One STBC symbol pair needs to be split on both sides of the DRS which will degrade performance for high speed UEs.
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Figure 2 In slots with SRS transmission, one symbol can not be paired and the TX diversity for this symbol must be handled separately.
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Figure 3 Two unpaired symbols appear in the case of extended CP and slot hopping.
Slot hopping has been shown to give significant gains to STBC based schemes [2]. However,  when slot hopping is enabled with the extended CP, there will be two unpaired symbols per subframe, see Figure 3. This will further increase the complexity of the transmitter and receiver to handle these special unpaired symbols. We are thus facing the same type of problem as for the LTE DL, where pairing in time direction created several special cases, there due to dependencies on the number of reference signals. This problem led to the selection of SFBC in LTE DL, which confines the encoding within one OFDM symbol. We thus suggest a similar property for the UL in LTE-A:

Property 2: The selected TX diversity scheme shall not encode symbols over multiple SC-FDMA symbols 
2.3 High correlation 
Since the UE has limited physical dimensions, and since the LTE-Advanced requirements [3] gives operating carrier frequencies as low as 450 MHz, it is very important that the selected  TX diversity scheme is robust and maintain good performance with high antenna correlation at the transmitter side.  
Property 3: The selected TX diversity scheme shall be robust to high antenna correlation at the transmitter side

3 Conclusion
In this contribution we have  listed some properties that are of great importance when selecting the uplink transmit diversity scheme for LTE-Advanced. These are

· The selected TX diversity scheme shall maintain the single carrier property in the single component carrier and continuous resource allocation

· The selected TX diversity scheme shall not encode symbols over multiple SC-FDMA symbols 

· The selected TX diversity scheme shall be robust to high antenna correlation at the transmitter side

The last bullet implies that the case of high antenna correlation shall be considered in link level simulation comparisons in addition to realistic channel estimation.
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