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1. Introduction

Recent RAN1 discussions focused on the possibility of autonomous signaling for switching between single and multiple PA modes for LTE-Advanced.   Furthermore, in RAN4 #52 RAN4 admitted for specification single antenna port transmission architectures for LTE-Advanced [1].   In particular it has been shown [2] that the ability to switch between these modes remedies, inter alia, antenna gain imbalance (AGI) problems.  
This contribution presents how via antenna port weighting, transition to multiple antenna modes may be effected, and in light of this, open loop transmit diversity schemes are advantaged in this regard and thus should be specified.
We propose that;

· One of the UL Open-loop transmit diversity schemes, e.g. FSTD, SFBC, STBC II or CDD, should be specified for LTE-Advanced.

· Antenna Port Weighting can be applied for LTE-Advanced.

2. Transmit Diversity Schemes
The following diversity methods have been discussed previously in RAN1 [3][4][5][6].

1. FSTD (Frequency Switch Transmit Diversity)
2. SFBC (Space-Frequency Block Coding)
3. STBC II (Space-Time Block Coding II)
4. CDD (Cyclic Delay Diversity)
5. Closed loop (long-term) precoding

These methods have different benefits and drawbacks for LTE-Advanced:
FSTD, STBC, CDD(Open-loop Transmit Diversity)
Pros

· Maximum diversity gain is expected under uncorrelated antennas.
Cons

· Antenna correlation might degrade diversity gain.
· Large AGI may degrade diversity gain,
Closed loop (long-term) precoding
Pros

· If antenna correlation is high in UE side, precoding appears to behave as beamforming.
· If there is large AGI, Closed loop precoding may act like Single antenna Mode.

Cons

· Diversity gain depends on UE antenna configuration, i.e., reception of correlated signals.
· Since it is a closed loop method, additional signaling is required even under benign antenna gain imbalance scenarios.

One of the advantages for “Closed-loop precoding” might be the tolerance for large AGI. However, use of Antenna Port Weighting for “Open-loop Transmit Diversity” can address this issue.

3. Details of Proposed Transmit Diversity Scheme
(Open-loop Transmit Diversity + Antenna Port Weighting)
Because RAN1 recognizes that many UEs will need to operate in highly variable AGI scenarios,   RAN1 agreed to have “antenna turn off vectors” in rank 1 precoding for SU-MIMO[7][8].  In addition, we think it is better for Transmit Diversity to have some mechanism to compensate for large AGI as well. 
The following is an example of the detail of  our proposed transmit diversity scheme with antenna port weighting.
Detail of Proposed Transmit Diversity Scheme with antenna port weighting
· The transmission Procedure consists of Two Steps 
· Open-loop Transmit diversity (FSTD, SFBC, STBC II or CDD)
· Antenna port weighting based on antenna port mode
· Antenna port weighting for 2TX ports might be, for example:
· (1,1), (1,0) or (0,1)

· The UE may select an   antenna port weighting autonomously.

· Examples of block diagrams illustrating the concept are presented in Figure 1, 2 and 3. As shown in these figures, “Antenna Port Weighting” may be inserted just before DFT block.
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Figure 1: An example of Block diagram of Proposed Transmit Diversity Scheme with FSTD (Frequency Switch Transmit Diversity)
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Figure 2: An example of Block diagram of Proposed Transmit Diversity Scheme with SFBC (Space-Frequency Block Coding)
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Figure 3: An example of Block diagram of Proposed Transmit Diversity Scheme with CDD (Cyclic Delay Diversity)

The following are Pros and Cons of Proposed Transmit Diversity Scheme(Open-loop Transmit Diversity + Antenna Port Weighting).

Pros

· Maximum diversity gain is expected under uncorrelated antennas.

· Diversity gain has less dependency on UE antenna configuration.

· If there is large AGI, antenna port weighting may act like Single antenna Mode.

· UE can autonomously turn one antenna off.

Cons

· Antenna correlation might degrade diversity gain.

4. Conclusions

In this contribution, we showed how antenna port weighting may achieve the transition between single antenna mode and multiple antenna mode under large AGI environment.  We believe LTE-A UL Transmit Diversity Scheme should have less dependency on UE antenna configuration and large tolerance to a large AGI as we discussed.
Therefore, we propose that;

· One of the UL Open-loop transmit diversity schemes, e.g. FSTD, SFBC, STBC II or CDD, should be specified for LTE-Advanced.

· Antenna Port Weighting can be applied for LTE-Advanced.
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