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1 Introduction 
For extended CP, PHICH resources of UEs collide with each other when two or four UEs are supported in MU-MIMO with optimal cyclic shifts of DMRS. In this contribution, we propose two approaches that support the optimal DMRS cyclic shifts for MU-MIMO in extended CP without PHICH resource collision.
2 DMRS cyclic shift allocation and PHICH resource identification
The cyclic shift of demodulation reference signal (DMRS) for PUSCH is determined by:
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 is a dynamic cyclic shift offset and is given in the uplink scheduling assignments. Mapping of cyclic shift filed in DCI format 0 to 
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 is given in Table 5.5.2.1.1-1 in TS 36.211 [1].
The PHICH resource is identified by the index pair 
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which is defined by:
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where 
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 is a PHICH modifier and is mapped to the cyclic shift for DMRS field in DCI format 0, according to Table 9.1.2-2 in TS 36.213 [2].
Mapping of cyclic shift field in DCI format 0 to 
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 values can be rewritten as shown in Table 1.
Table 1: Mapping of cyclic shift field in DCI format 0 to 
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	Cyclic Shift for DMRS Field in DCI format 0 in [4]
	
[image: image11.wmf]DMRS

n


	
[image: image12.wmf](2)

DMRS

n



	000
	0
	0

	001
	1
	2

	010
	2
	3

	011
	3
	4

	100
	4
	6

	101
	5
	8

	110
	6
	9

	111
	7
	10


3 PHICH resource collision for extended CP

The cyclic shift orthogonality for DMRS is optimized for MU-MIMO when the used cyclic shifts are equally spaced and separated as widely as possible. In other words, optimal cyclic shifts should be separated by 33 us, 22 us, 17 us, and 11 us for MU-MIMO with 2, 3, 4, and 6 UEs, respectively [3]. Furthermore, it is desirable that the cyclic shift separation should be larger than or equal to the CP length to minimize the performance loss due to multi-user interference.
For extended CP, the ratio of the OFDM symbol length to the extended CP length is four. That means up to four UEs can be supported in MU-MIMO without the problem of multi-user interference. In this case, the optimal cyclic shift separation is possible by assigning dynamic cyclic shift offsets {0, 3, 6, 9} for 4 UEs. This set of dynamic cyclic shift offsets is mapped to a set of PHICH modifiers {0, 2, 4, 6} from Table 1.
When the number of PHICH group 
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, the dynamic cyclic shift offsets 0 and 6 give the same PHICH group number and the same PHICH sequence index. Similar PHICH resource collision also occurs when the dynamic cyclic shift offsets 3 and 9 are assigned. Though the dynamic cyclic shift offsets {0, 3, 6, 9} provide the optimal cyclic shift separation for 4 UEs in MU-MIMO, they cause PHICH resource collisions. The other dynamic cyclic shift offsets {0, 3, 8, 10} can be used to avoid PHICH resource collision. These offsets, however, do not give the optimal cyclic shift and thus can cause a larger multi-user interference than the optimal cyclic shift separation.
For MU-MIMO with 3 UEs, the dynamic cyclic shift offsets {0, 4, 8} provide the optimal cyclic shift without PHICH resource collision. For MU-MIMO with 2 UEs, the set of dynamic cyclic shift offsets {0, 6}, which gives the optimal cyclic shift, causes PHICH resource collision.
In summary, the optimal DMRS cyclic shift separation for MU-MIMO with 2 or 4 UEs in extended CP results in PHICH resource collision in the current specifications.
4 Proposed corrections
We propose two alternatives to provide the optimal cyclic shift separation according to the number of UEs for MU-MIMO in extended CP without PHICH resource collision.
4.1 Alternative A
Alternative A is to add a new column of PHICH modifier for extended CP to Table 9.1.2-2 in TS 36.213. As already mentioned, it is preferable that the dynamic cyclic shift offsets for MU-MIMO should be separated larger than or equal to the extended CP length. That means, for example, the dynamic cyclic shift offsets 0 and 2 are not assigned to the UEs for MU-MIMO. Thus, we can allocate the same PHICH modifier for such dynamic cyclic shift offsets. Moreover, PHICH modifier does not need to have more than four different values in extended CP, since it is also desirable to support a maximum of four UEs in MU-MIMO for extended CP as stated above. Table 2 shows a proposed column of PHICH modifier for extended CP.
For MU-MIMO with 2, 3, and 4 UEs, the sets of optimal cyclic shifts are {0, 3, 6, 9}, {0, 4, 8}, and {0, 6}, respectively. These sets are mapped to the sets of PHICH modifier {0, 1, 2, 3}, {0, 1, 2}, and {0, 1}, respectively. Thus, there are no PHICH resource collisions for up to 4 UEs in MU-MIMO.

Table 2: Mapping of cyclic shift field in DCI format 0 to 
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for extended CP

	Cyclic Shift for DMRS Field in DCI format 0 in [4]
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4.2 Alternative B
Alternative B is  to modify the mapping table of dynamic cyclic shift offset in Table 5.5.2.1.1-1 in TS 36.211 to avoid the PHICH resource collision for extended CP. This modification is shown in Table 3. For MU-MIMO with 2, 3, and 4 UEs, the sets of optimal cyclic shifts are {0, 3, 6, 9}, {0, 4, 8}, and {0, 6}, respectively. These sets are mapped to the sets of PHICH modifier with modulo-4 operation {0, 2, 1, 3}, {0, 3, 1}, and {0, 1}, respectively. Thus, there are no PHICH resource collisions for up to 4 UEs in MU-MIMO for extended CP. Alternative B does not affect the PHICH resource identification for normal CP.
Table 3: Modified mapping of cyclic shift field in DCI format 0 to 
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5 Conclusion

In this contribution, we have addressed the PHICH resource collision problem in MU-MIMO for extended CP and proposed two alternatives to correct the problem. Both alternatives are simple and do not affect the other parts of the specifications. We hope one of the two alternatives is adopted to take advantage of the optimal cyclic shift separation and PHICH resource allocation without collision. Finally we append two CRs, each corresponding to one of the two alternatives.
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The PHICH resource is determined from lowest index PRB of the uplink resource allocation and the 3-bit uplink demodulation reference symbol (DMRS) cyclic shift associated with the PUSCH transmission, both indicated in the PDCCH with DCI format 0 granting the PUSCH transmission.

The PHICH resource is identified by the index pair
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is mapped to the cyclic shift for DMRS field in DCI format 0 in [4], according to Table 9.1.2-2. 
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Table 9.1.2-2: Mapping between 
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5.5.2.1.1
Reference signal sequence
The demodulation reference signal sequence 
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Section 5.5.1 defines the sequence
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The cyclic shift 
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where 
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where the pseudo-random sequence 
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 at the beginning of each radio frame.

Table 5.5.2.1.1-1: Mapping of Cyclic Shift Field in DCI format 0 to 
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