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1.1. Introduction

In LTE, it was decided to link the downlink ACK/NACK (PHICH) to the resource blocks (RB) of the uplink data transmissions. Additionally PHICH modifier concept has been adopted to avoid PHICH collision when the number of PHICHs is smaller than the uplink number of RBs. In this contribution we address some of the issues with the PHICH modifier and propose to correct some errors in PHICH linkage formulation.
2.1. Mapping between cyclic shift field in DCI format 0 and nDMRS
The current description of the PHICH linkage is defined by the following equation defined in TS36.213 [1].
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From the specification TS36.211 [1], the nDMRS can take values { 0, 2, 3, 4, 6, 8, 9, 10 }, but when the PHICH linkage formula was agreed back in Sorrento, the nDMRS value was never meant to be discontinuous set of integer values. The current combination of nDMRS values and the PHICH linkage equation not only does not effectively work in some cases, it also does not allow the PHICH modifier to only move to a certain set of PHICH sequence index. The main motivation of having a nDMRS parameter as part of the PHICH sequence index formula was to allow PHICH modifier to adjust all possible PHICH sequence indices.
Just to give an example on the non-effective case, lets’ assume 
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 = 8. The nDMRS value 10 gives you the exactly the same PHICH group index and PHICH sequence index as nDMRS value 2, but if the nDMRS value were a set of values from 0 to 7, then we would have no nDMRS values which results in the same PHICH group index and PHICH sequence index combination.
One simple workaround this problem is define a different variable iDMRS, which can take value from 0 ~ 7 which is then mapped to the cyclic shift field of the DCI format 0. We would use this new variable iDMRS instead of the nDMRS in the PHICH linkage formula.
3.1. Conclusion

The proposed change is shown below. We would need to define a new table in TS36.213 mapping the cyclic shift field on DCI format 0 to the new variable iDMRS, which would be an independent value from the nDMRS used in TS36.211.
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Table 1. Mapping between iDMRS and cyclic shift field in DCI format 0
	Cyclic Shift Field in DCI format 0 [3]
	iDMRS

	000
	0

	001
	1

	010
	2

	011
	3

	100
	4

	101
	5

	110
	6

	111
	7
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