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1   Introduction
Among LTE downlink control channel, physical hybrid-ARQ indicator channel (PHICH) is used to transmit ACK/NACK for uplink transmission. The general process to form PHICH channel is to spread ACK/NACK bits with spreading code and CDM multiplex them together. Then they are repeated three times (repetition factor RF = 3).  As SFBC or SFBC+FSTD is adopted as transmit diversity for control channel, in a multiple antenna system, the transmit diversity is applied to the spread bits of ACK/NACK by SFBC coding. At Athens meeting, it is agreed in ‎[1] that for 2-tx system, spread factor (SF) is 4, while for 4-tx system, SF is for further study. 
The main reason to further study SF for 4-tx system was raised in ‎[2]. If SF = 4 is used for 4-tx system, then spread ACK/NACK bits will be coded into two SFBC codes. It is observed that with the use of conventional SFBC+FSTD as transmit diversity (TxD), these two SFBC codes will be transmitted from different antenna pairs, for example, the first SFBC code will be transmitted on antenna pair of 1 & 3 and the second SFBC code will be transmitted on antenna pair of 2 & 4. Because of this, the orthogonality between spread ACK/NACK symbols are no long preserved as channels experienced from these two pairs of antennas could be quite different. 
To solve this problem, a modified SFBC+FSTD is proposed in ‎[2], which suggests to transmit two SFBC codes from the same spread ACK/NACK bits on the same pair of antennas, while during the repetitions, swapping the antenna pair to exploit the spatial diversity gain. In ‎[3], an alternative approach is proposed, which suggests to use SF = 3 instead of 4 and use a rate ¾ orthogonal SFBC as transmit diversity instead of using SFBC+FSTD. The main advantage as claimed for this approach is to mitigate the power imbalance on each antenna seen from the first scheme.  However, no simulation result is given to support the performance of this proposal.

In this contribution, some simulations are reported which compare the two approaches mentioned above. It is observed that these two schemes give very close performance.  The power imbalance issue of the first scheme is also discussed and by alternating different PHICH over different antenna pairs, this issue could be alleviated. It is therefore believed that scheme proposed in ‎[2] is more preferable based on the following consideration
1) It maintains SF = 4 which will bring more spreading gain

2) The channel mapping is easier for SF = 4 than for SF = 3

3) The power imbalance can be mitigated by simple alternating PHICH mapping

4) The spectrum efficiency of proposal in ‎[2] is 25% more than that proposal in ‎[3]
5) The Alamouti decoder can be re-used

2   System Description
In our study, we consider LTE downlink wireless communication channel that consists of four transmit antennas. The receiver is a UE exploiting two receive antennas. 

Two schemes are compared in the study, one is proposed in ‎[3] which uses SF = 3 and ¾ rate orthogonal SFBC as transmit diversity, it is denoted as scheme A in our study. The second is a modified SFBC+FSTD proposed in ‎[2], which is denoted as Scheme B in our study. 
· Scheme One: Concatenation of CDM with SF=3 with a ¾-rate orthogonal SFBC
In this scheme, we use the spreading vector
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. Then, a space-time code with rate ¾ is generated as follows:
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Then, we apply repetition factor (RF) of three to send one bit.
We can send three ACK/NACK bits
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, by generating three orthogonal vectors
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 and by forming the vector
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. Note that the structure of space-time code keeps the orthogonality during the transmission. Therefore in theory we can simply decode the three bits without introducing any cross-interference. It should be noticed that as ¾ orthogonal SFBC is used, it needs four REs to transmit only three spread symbols, or in another word, using four REs to transmit three ACK/NACK bits. 
· Scheme Two: Concatenation of CDM with SF = 4 with a modified SFBC+FSTD
In this scheme, we use the spreading vector
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.Then we use the structure shown in Figure 1 to transmit the symbols:
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Figure 1: ACK/NACK mapping for PHICH for 4 Tx
Again by generating four orthogonal vectors
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, we can send four ACK/NACK bits
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. Note that the structure of space-time code keeps the orthogonality during the transmission. Therefore we can simply decode four bits without introducing any cross-interference. For this scheme, four REs are required to transmit four spread symbols, or in another word, four REs are needed to transmit four ACK/NACK bits.  In comparison with the Scheme One, which requires four REs to transmit three ACK/NACK bits, Scheme Two would lead to 25% more spectrum efficiency over Scheme One. 
3 Simulation Parameters

The following parameters are used to simulate the performance of these schemes.

· Channel bandwidth = 10 MHz

· Number of total sub-carriers = 601 (including DC)
· Sub-frame size = 2 slot  = 1 msec = 14 OFDM symbols

· FFT size = 1024

· Sampling frequency = 15.36 MHz
· Carrier frequency: 2.0 GHz
· Channel model: 
· Uncorrelated TU channel, 3 km/h

· Cyclic Prefix: 72 samples

· Number of antennas: 4 at nodeB and 2 at UE
· MIMO schemes: CDM/FDM
· Channel Estimation:  Ideal Channel

4 Numerical Results
In this part, we have compared the performance of the two schemes through simulation. Figure 2 shows the performance of the two schemes in a similar set-up and it can be noticed that the performances of the schemes are almost the same. 
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                                Figure 2: BLER comparison between scheme one and scheme two
5 Analysis and Discussions
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As observed from the previous section that these two schemes provide almost the identical performance, then the decision on which one to select could come to other aspects. One major issue for modified SFBC+FSTD (Scheme two) is the power imbalance on each antenna as it can be seen from Figure 1 that during three repetition of this PHICH channel, there are two transmission on antenna pair of 1 & 3  and one transmission on antenna pair of 2 & 4. However, this issue can be easily mitigated by using alternating PHICH mapping as shown in Figure 3.  In this alternative PHICH mapping, two transmissions are sent from antenna pair of 2 & 4 while one transmission is sent from antenna pair of 1 & 3. 
Figure 3: Alternating ACK/NACK mapping for PHICH  for 4 Tx
In reality, when there are multiple PHICH channels, these two PHICH mappings illustrated in Figure 1 and 3 can be used alternatively. If there are total even number of PHICH channels, then by alternatively use these two mapping for each PHICH channel, there will be no power imbalance issue at all. If there is odd number of PHICH channels, for example, there are 7 PHICH channels in total, then PHICH channels #1, #3, #5,  #7 can use mapping shown in Figure 1 while PHICH channels #2, #4 and #6 can use mapping shown in Figure 3. That will lead to maximum one PHICH channel with power imbalance across the whole bandwidth. As within each PHICH, the transmission of SFBC codes on antenna pairs are also alternated during the three repetition, the power difference between two antenna pairs is limited to power of 4 RE in total, which is very small if taking into consideration other factors to cause the power imbalance among antennas like power control, fractional frequency use etc. 
Figure 4 illustrates some examples of PHICH mapping, which could achieve both goals of power imbalance mitigation and exploitation of spatial diversity.  
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Figure 4: PHICH mapping examples to ease power imbalance

From the above analysis, it can be seen that this power imbalance issue of modified SFBC+FSTD (Scheme two) can be mitigated with simple alternative PHICH mappings. If this issue is resolved or mitigated, it is believed that modified SFBC+FSTD combined with SF = 4 has more advantages over the proposal of using SF = 3 combined with rate ¾ orthogonal SFBC as follows

1) The SF = 4 will bring more spreading gain than SF = 3. (This could be more obvious if inter-cell interference is taken into account in the simulation, which is not assumed in our current study)
2) The SF = 4 will make the mapping of PHICH channel more easy. 

3) As SF = 4 is adopted for 2-tx system, to keep SF = 4 for 4-tx will make operation/mapping more consistent.

4) The spectrum efficiency of modified SFBC+FSTD with SF = 4  is 25% more than that using SF = 3 with rate ¾ orthogonal SFBC 
5) The modified SFBC+FSTD would allow to use Alamouti decoder at UE without the need to introduce a new decoder, which is the case for rate ¾ orthogonal SFBC scheme
6    Conclusion
So in conclusion, it is believed that LTE downlink PHICH channel should adopt SF = 4 with modified SFBC+FSTD as transmit diversity for 4-tx system. The alternative PHICH mappings proposed should be used to map multiple PHICH channels in order to mitigate power imbalance on each antenna. 
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