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1
Introduction 
In this paper, we discuss the PHICH interference from neighboring cells.
2
Analysis
In last meeting, a WF [1] was discussed and agreed with the following working assumption:

	· Working assumption: PHICH interference is emulated using random QPSK-modulated symbols with the SFBC-based precoding. 
· Companies can bring inputs on the explicit PHICH interference model in the next meeting. 


In this paper, we provide the analysis on the PHICH interference.
The transmission of PHICH is controlled by the following parameters.
1) Ng={1/6, 1/2, 1, 2}

2) PHICH duration (Table 6.9.3-1 in TS36.211)

3) 
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: determine the spreading sequence to be used for a specific UE

4) 
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: determine the PHICH group where the ACK/NACK can be found for a specific UE

Among the parameters, 1) and 2) are cell-specific and are broadcasted in MIB, while 3) and 4) provide the information for where the ACK/NACK locates and how it is modulated. Even though a UE can try to decode the PBCH of a interfering cell, it is still not possible for a UE to have any information about 

· How many ACK/NACK are transmitted in this subframe
· Which group is assigned to each ACK/NACK (
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)
· Which sequences is used by each ACK/NACK (
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In the following, we show that above information will make interference from neighboring cell PHICH become different to that from neighboring cell PDCCH.
At the eNB-side, an ACK/NACK associated to some UL transmission is BPSK-modulated, symbol-wise multiplied with an orthogonal sequence and scrambled according to 
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where the detail definitions of individual terms can be found in Section 6.9.1 of TS36.211. This d sequence will then be modulated by using the structure of SFBC. So far, the modulated symbols of the same ACK/NACK are either all real or all imaginary, depending on the parameter 
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 and Table 6.9.1-2 of TS36.211. (To keep the discussion simple, we will focus on the case of normal cyclic prefix.)
Table 6.9.1-2: Orthogonal sequences 
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	Sequence index
	Orthogonal sequence
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	Normal cyclic prefix
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	Extended cyclic prefix
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The modulated symbols of all sequences within the same group are then combined together and mapped to the corresponding RE location. Depending on how the 
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 is chosen for each ACK/NACK, the transmitted symbol at the PHICH REs can be very much different to QPSK symbols, e.g., 
A. The RE may be occupied by no symbols because no ACK/NACK is transmitted in this group. 
B. The RE may be occupied by the symbols that are pure real (
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{0,1,2,3} are chosen) or pure imaginary (
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{4,5,6,7}). Note that QPSK symbols are always complex with both real and imaginary parts. 
C. A quadruplet may be consisted of the complex symbols of which the real part and the imaginary part do not have the same magnitude, e.g., sequences picked are 
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 = 0,1,2,4. 
D. Within an REG for the same quadruplet, the 4 symbols may not have the same energies. One simple example is that when all 8 sequences are picked to carry 8 ACKs, the first complex symbol will be 4+4j but all the other symbols become 0. (Here we can ignore the effect of the scrambling sequence
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, which is cell-specific.) 
Note that 

Unfortunately, UE has nothing to do with this PHICH interference, due to the lack of the required information. For IRC receivers, the interference from neighboring cell PHICH may be possibly captured through noise estimation. However, UE still cannot handle the difference among symbols within the same quadruplet. No mention that UE may try to average the noise estimation output across PRBs before passing it to IRC receivers. For eIRC receivers, UE will always assume the interference is PDCCH-like. Clearly, some degradation can be expected.  

From above analysis, we show that the working assumption of using random QPSK-modulated symbols with the SFBC-based precoding cannot reflect the actual impact from neighboring cell PHICH interference. All PHICH interference will be PDCCH-like under this working assumption. This leads to some overestimates of the actual receiver performance (at least for eIRC) in real network.
Observation: Using random QPSK-modulated symbols with the SFBC-based precoding cannot reflect the actual impact from neighboring cell PHICH interference, but leads to some overestimates of the actual receiver performance (at least for eIRC) in real network. 
Proposal: RAN4 to further discuss if the working assumption is kept. 

3
Summary 
In this paper, we discuss the PHICH interference from neighboring cells and have the following observation and proposal: 
Observation: Using random QPSK-modulated symbols with the SFBC-based precoding cannot reflect the actual impact from neighboring cell PHICH interference, but leads to some overestimates of the actual receiver performance (at least for eIRC) in real network. 
Proposal: RAN4 to further discuss if the working assumption is kept. 
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