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1 Introduction
In RAN WG1 #50bis Shanghai meeting, it was agreed that for extended CP, SF=2 is used ‎[1] for PHICH multiplexing within each PHICH group to avoid the loss of orthogonality due to relatively high dispersive channel environment. In RAN WG1 #51bis Sevilla meeting, several alternatives for mapping PHICH group for 4-tx in extended CP were proposed in ‎[2] and discussed at the meeting. In the end, alternative 2 as illustrated in Figure 1 was agreed, where red and green tones represent two different PHICH groups which are concatenated into one mini-CCE.
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Figure 1: PHICH mapping for 4-tx extended CP

The remaining issue then is how to map PHICH in extended CP for 1-tx and 2-tx scenario, as the above agreement only applies to 4-tx case. In ‎[3], this issue was raised and some discussion were included. Recently, further discussions on this subject have been continued on WG1 email reflector. In this short discussion paper, we list the possible alternatives and express our preference. 
2 PHICH mapping for 1-tx and 2-tx in extended CP
In terms of mapping PHICH for 1-tx and 2-tx for extended CP, three alternatives were proposed so far: 

a) Apply repetition after spreading to fit into multiple of quadruplets in case of extended cyclic prefix (SF=2) with a single antenna port, P=1 and two antenna ports, P=2.

b) Insert pair of null symbols after every two PHICH symbols to make 12 symbols in total which fit into three quadruplets. The null symbols can be re-used for PDCCH after PHICH mapping.

c) Multiplexing of two different PHICH groups as described ‎[3], i.e. one PHICH group use the first two symbols in a quadruplet and another PHICH group use the last two symbols of the same quadruplet.
Among the above alternatives, the alternative a) is equivalent to increase the repetition of ACK/NAK from 3 times to 6 times, which we feel may not be necessary and is not in line with general assumption for other scenario like SF=4. For alternative b), if null symbols are not used, these resources are simply wasted; if the null symbols are used by PDCCH,  different PDCCH mappings could be required for different antenna configurations, which may also not be favourable. For alternative c),  as no resource would be wasted in addition to that it is well in line with PHICH mapping for 4-tx in extended CP, we, therefore, feel it should be considered as PHCIH mapping for 1-tx and 2-tx in extended CP.
3 Conclusions

In our view, for PHICH mapping for 1-tx and 2-tx in extended CP, the alternative c), which was originally proposed in ‎[3], should be adopted by LTE to make it in line with PHICH mapping for 4-tx in extended CP.
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