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1   Introduction
In Oct 2007 Shanghai meeting, it was agreed to adopt the modified SFBC+FSTD with SF = 4 originally proposed in ‎[1] as the transmit diversity scheme for PHICH in a 4-tx system with normal CP. As shown in Figure 1, the transmission of PHICH is alternating on different antenna pairs during the repetition to achieve the transmit diversity, while maintaining SF = 4. 
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Figure 1: PHICH antenna mapping with 4 TxD (Amn: m-th spread symbol of n-th PHICH, Ci: i-th symbol for a CCE)
As mentioned in [4], the proposed modified SFBC+FSTD scheme has the following advantages:
1) Keep SF = 4 with good spreading gain 
2) Easy PHICH mapping
3) Robust performance and uniform coverage in all scenarios including high correlated antennas 
4) Reuse of Alamouti decoder

It was also agreed at Shanghai meeting that the power imbalance issue could be mitigated by alternating transmission of different PHICH groups on different antenna pairs as originally proposed in ‎[4]. By adopting such approach, the maximum power imbalance on each antenna will be mitigated.

In ‎[5], some more discussions are presented to clarify PHICH mappings for scenarios when PHICH are distributed across one and three OFDM symbols. In this contribution, some of those discussions are reiterated and more scenarios such as PHICH distribution is over two OFDM symbols in MBSFN subframes are studied.    

2   PHICH Mapping Principle
To illustrate the PHICH mapping more clearly, two mapping patterns are given first in Figure 2, in which pattern 1 transmits spread ACK/NACK symbols on antenna pair of 1/3, while pattern 2 transmits spread ACK/NACK symbols on antenna pair of 2/4. 
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Figure 2: Mapping pattern
The basic principle proposed in ‎[4] and captured in latest version of spec 36.211 ‎[6] is as follows: for even numbered PHICH groups like PHICH group #0, #2, and etc, mapping its three repetitions using the following patterns: 

Pattern 1 -> repetition 1 , pattern 2 -> repetition 2,  pattern 1 -> repetition 3

While for odd numbered PHICH groups like PHICH group #1, #3 and etc, mapping its three repetitions using the following patterns:

Pattern 2 ->  repetition 1, pattern 1->  repetition 2,  pattern 2 ->  repetition 3

The mapping rule is summarized in Table 1. 

	PHICH mapping
	Repetition 1
	Repetition 2
	Repetition 3

	Even number PHICH group 
	Pattern 1
	Pattern 2
	Pattern 1

	Odd number PHICH group
	Pattern 2
	Pattern 1
	Pattern 2


Table 1: PHICH mapping summary

3   PHICH Mapping on multiple symbols

For unicast traffic mode, it is agreed that number of OFDM symbols to carry PHICH channel could be either 1 or 3.

 Two separate mapping examples are illustrated here for these two scenarios.   Figure 3 illustrates the mapping when there is one OFDM symbol (n=1) assigned for PHICH. In such situation, all PHICH are transmitted on the same OFDM symbol.  As it can be observed from the illustration, for this scenario, the total power imbalance among antennas will be 4 EPREs.
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Figure 3: PHICH mapping illustration for n =1


For n = 3, namely when three OFDM symbols are assigned to carry PHICH, in order to obtain time diversity for PHICH, each repetition of any PHICH group should be transmitted on each OFDM symbol. Based on such assumption, an example for PHICH mapping is illustrated in Figure 4, which in principle transmits the first repetitions of all PHICH groups on the first OFDM symbol, and transmits the 2nd repetitions of all PHICH groups on the 2nd OFDM symbol, and transmits the 3rd repetitions of all PHICH groups on the 3rd OFDM symbols.  By adopting such simple mapping principle, the power imbalance issue will be mitigated as one can notice that the maximum power imbalance among antennas for any OFDM symbol will be 4 EPRE. 
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Figure 4: PHICH mapping illustration for n =3

For MBSFN traffic mode, there will be only two OFDM symbols available to carry PHICH, so the scenarios of PHICH distribution will be either one or two OFDM symbols. For scenario of using one OFDM symbol to carry PHICH channel, the mapping will be the same as in unicast traffic mode. 

For scenario when PHICH is distributed across two OFDM symbol, namely for n = 2, the mapping should be carefully designed to consider power imbalance issue.  A simple mapping method is to assign 1st and 3rd repetitions of each PHICH group to the first OFDM symbol, and assign 2nd repetition to the second OFDM symbol. For this mapping, if the number of PHICH groups is odd, the power imbalance is 8 EPRE for the first symbol and 4 EPRE for the second symbol. If number of PHICH group is even, then there is no power imbalance issue for both symbols. An alternative mapping method was proposed in ‎[7], however, it is more complicated and may not achieve similar power imbalance as the simplified one mentioned here. 
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By following the above PHICH mapping rules, the maximum power imbalance due to PHICH between two antenna pairs, namely antenna pair 1/3 and 2/4,  are maximum 4-8 EPRE when there are odd number PHICH groups. This power imbalance amount is very small if taking the total number of tones in the whole bandwidth into account. When the total number of PHICH groups is an even number, there will be no power imbalance issue from PHICH at all. Table 2 lists the power imbalance summary for all the scenarios discussed above.  
	Number of OFDM symbols carrying PHICH channel
	Even number PHICH group
	Odd number PHICH group

	n = 1
	None
	4 EPRE (all symbols)

	n = 2
	None
	8 EPRE (1st symbol), 4 EPRE (2nd symbol)

	n = 3
	None
	4 EPRE (all symbols)


Table 2: Summary of power imbalance due to PHICH 
4   Conclusions

The PHICH mapping is further discussed in this contribution for 4-tx PHICH transmit diversity with normal CP. Some simple mapping rules are defined for scenarios when the number of OFDM symbols carrying PHICH are different. By following such simple mapping rules, the power imbalance among different antenna pairs can be mitigated. So it is recommended for LTE to adopt such simple mapping rules for PHICH mapping in 4-tx systems. 
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