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1 Introduction
In the last RAN1#50 meeting, it was agreed that “PHICH uses 3 ‘mini-CCEs’ for both 1 and 3 OFDM symbol duration.” In addition, despite no agreement reached on the PHICH duration for MBSFN subframes the following was proposed [1];
· If a long PHICH duration is configured, n=3 (as agreed in Orlando) is used in non-MBSFN subframes and n=2 is used in MBSFN subframes.
In this document the PHICH structure in MBSFN subframes is discussed based on the agreement and proposal from the last meeting.
2 PHICH structure in MBSFN subframes
The control signaling in MBSFN subframes (in case of 
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) spans 2 OFDM symbols. 
If a short PHICH duration is configured in MBSFN subframes (n = 1), three groups of four contiguous physical resource elements not used for reference signals shall be mapped on the first OFDM symbol within the MBSFN subframe. To get the frequency diversity gain, all the groups shall be distributed in the frequency domain. 
If a long PHICH duration is allowed in MBSFN subframes (n = 2), the three groups should be assigned between the first two OFDM symbols within the MBSFN subframe. Note that the equal power allocation for each of the three groups maximizes the diversity gain. Also this lessens the receiver complexity otherwise the receiver needs to know and compensate the different power allocation for each of the three groups. In this regard, in order to avoid overloading power for PHICH on any OFDM symbols, the mapping of the groups should be balanced between the two OFDM symbols. This can be realised by mapping the groups such that the half of PHICHes have one and two groups in the first and the second OFDM symbol (1+2 mapping), respectively, and vice versa for the other half (2+1 mapping). As a result, this mapping makes the overall PHICH resources to be distributed evenly between the first two OFDM symbols when the number of PHICHes is large enough. Figure 1 is the illustration of the mapping of PHICH with a long duration in MBSFN subframes.
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Figure 1: The mapping of PHICH with a long duration in MBSFN subframes (n = 2)
A mapping rule to balance the power and/or resource for PHICHes between the two OFDM symbols is as follows. 
· The i-th PHICH, when 
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 is even, has one and two groups in the first and the second OFDM symbol (1+2 mapping), respectively, where 
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is the spreading factor of the PHICH. 
· Otherwise, when 
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 is odd, the i-th PHICH has two and one group in the first and the second OFDM symbol (2+1 mapping), respectively. 
Table 1 shows the mapping example in case of
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. By means of this mapping, the load balancing in terms of power and/or resource as well as efficient resource utilisation can be achieved. 
Table 1: The mapping example of PHICH with a long duration in MBSFN subframes (n = 2, 
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	PHICH(i)
	Resource mapping

	PHICH(0) ~ PHICH(3)
	Three groups of four resource elements with 1+2 mapping

	PHICH(4) ~ PHICH(7)
	Another three groups of four resource elements with 2+1 mapping

	PHICH(8) ~ PHICH(11)
	Another three groups of four resource elements with 1+2 mapping

	…
	…


3 Conclusion
In this contribution, we discussed a PHICH structure in MBSFN subframes to achieve even distribution of the PHICH power/frequency resource over the first and the second OFDM symbols. We propose to adopt the structure discussed in section 2 if the first two OFDM symbols are used for PHICH transmission in MBSFN subframes.
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