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1. Introduction

For UL SU-MIMO in LTE-A, it is agreed to assign multiple PHICH resources to support multiple HARQ ACK/NACKs[1]. In RAN1 #61 meeting, three solutions for multiple PHICH resource assignment are categorized as follows [2]:
For a single CC UL MIMO transmission, the PHICH resources for CW1 and CW2 are identified by

· The CSI value associated with the  PUSCH transmission 

· Different PRB indices  for the PUSCH, assuming more than one PRBs for the transmission

· (I,Q) branches of a QPSK symbol within one PHICH group

To decide on one of these solutions, it is needed to further study what solution is most beneficial in terms of PHICH resource collision avoidance. In this contribution, we focus on PHICH resource assignment for UL SU-MIMO. 
______________________________________________________________________________
2. Candidates of PHICH resource assignment for SU-MIMO
In LTE-A, up to two codeword is employed for UL SU-MIMO. Therefore, up to two PHICH resources should be assigned to single UE. Two PHICH resources can be defined according to codeword index. These can be identified by the pair 
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 where i denotes codeword index. We can write the formula for multiple PHICH resources assignment according to type of variables as follows: 

· Cyclic shift index of UL DMRS
Two PHICH resources for two codeword can be assigned according to cyclic shift indices of UL DMRS. 
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where, 
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 is cyclic shift index corresponding to i-th codeword.
For multi-layer transmission, at least two cyclic shifts for DMRS should be supported for channel estimation. If only one cyclic shift for DMRS field is defined in DCI format for UL SU-MIMO, this cyclic shift index is used to map to a 
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 for PHICH resource assignment as defined in table 1 [3, 5]. For other 
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 index assignment, predefined rule can be introduced. According to this rule, 
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 indices for other layers are determined. Also, for other  
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 assignment, index relationship between 
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 can be considered because these vales are tied with cyclic shift field as shown in table 1. For example, when cyclic shift field ‘000’ is indicated, index ‘0’ for 
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 can be mapped by table 1. Also, if index ‘6’ for 
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is assigned by relationship of 
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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]
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	000
	0
	0

	001
	6
	1

	010
	3
	2

	011
	4
	3

	100
	2
	4

	101
	8
	5

	110
	10
	6

	111
	9
	7


Since different cyclic shift indices for multi-layers of single UE are assigned, different PHICH resources (both sequence and group) can be determined by means of PHICH resource assignment according to cyclic shift index for DMRS. For MU-MIMO, different UEs may have same cyclic shift index for DMRS and different Orthogonal Code Cover (OCC). In this case, it is need to consider additional variable for MU-MIMO. For example, when OCC is employed, OCC index can be introduced as a variable for PHICH resource assignment in order to alleviate the probability of PHICH resource collision.
· Different PRB indices
For multiple PHICH resources assignment, PHICH group and sequence index can be assigned according to PRB index. For example, the PHICH resource for 1st codeword is assigned by lowest PRB index. Also, PHICH resource for 2nd codeword can be allocated by virtual increment of PRB index. The formula for multiple PHICH resource assignment can be given as:
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When DMRS index is fixed, PHICH group index is increased according to PRB index. Furthermore, adjacent PUSCH resource blocks always have different PHICH group indices.  Even though same PHICH sequence index is assigned for adjacent PRBs, PHICH resource collision between adjacent PRBs can be avoided by PHICH group indices. Also, in MU-MIMO case, different PHICH resources can be assigned by controlling of DMRS index. 
· (I,Q) branches of a QPSK symbol within one PHICH group
For multiple PHICH resources assignment, same PHICH group index is shared and different PHICH sequence indices are assigned for two codewords. The formula for multiple PHICH resource assignment can be given as:
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By means of specific increment of DMRS index within one PHICH group, different PHICH sequence can be assigned for each codeword. When the increment value is equal to the number of spreading factor, two PHICH sequences for two codewords create QPSK symbol within one PHICH group. This operation would make power balancing of PHICH resource simpler [6].  However, it should be further investigated how significant benefit can be realized from this PHICH resource assignment method. 
______________________________________________________________________________
3. Conclusion 
In this contribution, we discussed the several candidates of PHICH resource assignment for UL SU-MIMO. Based on the discussion above, we slightly prefer to adopt CS indices- or different PRB indices-based PHICH resource assignment.
______________________________________________________________________________
Reference
[1] R1-102566, “Summary of UL MIMO and UL DMRS Ah-hoc Session”, Ad-hoc Chairman (Samsung)
[2] R1-103404, “Summary of UL MIMO and UL RS Ad-hoc session”, Samsung

[3] 3GPP TS 36.211: “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation”
[4] 3GPP TS 36.212: “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel coding”.
[5] 3GPP TS 36.213: “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures”.
[6] R1-103192, "PHICH mapping for UL SU-MIMO", Nokia Siemens Networks, Nokia

______________________________________________________________________________
Appendix
In release-8/9, the number of PHICH groups for frame structure type 1 is defined as a function of the number of Ng and NDLRB. This parameter is identified by
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As shown in table 1, an example of the number of PHICH group according Ng and NDLRB is calculated. 

Table 1. The number of PHICH group

	
	Normal CP case
	Extended CP case

	NRB        Ng
	1/6
	1/2
	1
	2
	1/6
	1/2
	1
	2

	6
	1
	1
	1
	2
	2
	2
	2
	4

	15
	1
	1
	2
	4
	2
	2
	4
	8

	25
	1
	2
	4
	7
	2
	4
	8
	14

	50
	2
	4
	7
	13
	4
	8
	14
	26

	75
	2
	5
	10
	19
	4
	10
	20
	38

	100
	3
	7
	13
	25
	6
	14
	26
	50


A PHICH resource is determined from lowest index PRB of the uplink allocation and the 3-bit UL DMRS Cyclic Shift (CS) associated with the PUSCH transmission. The PHICH resource is identified by the index pair 
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 is the orthogonal sequence index within the group [2]. These parameters are identified by
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where, 

· 
[image: image34.wmf]DMRS

n

is mapped from the cyclic shift for DMRS field in the most recent DCI format 0 for the transport block associated with the corresponding PUSCH transmission.
· 
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is the spreading factor size used for PHICH modulation.
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is the lowest PRB index in the first slot of the corresponding PUSCH transmission 
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 is the number of PHICH groups configured by higher layers.
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[image: image38.wmf]î

í

ì

=

=

otherwise

0

9

or 

 

4

 

subframe

in 

ion 

 transmiss

PUSCH

 with 

0

ion 

configurat

 

 UL/DL

TDD

for 

1

n

I

PHICH


From table 2 to 7, examples of PHICH group and sequence index are shown. 

Table 2. Example of PHICH group index (Normal CP, NRB=6, Ng=1/6 case)

	n(2)DMRS
	nDMRS     IPRB
	0
	1
	2
	3
	4
	5

	0
	0
	0
	0
	0
	0
	0
	0

	6
	1
	0
	0
	0
	0
	0
	0

	3
	2
	0
	0
	0
	0
	0
	0

	4
	3
	0
	0
	0
	0
	0
	0

	2
	4
	0
	0
	0
	0
	0
	0

	8
	5
	0
	0
	0
	0
	0
	0

	10
	6
	0
	0
	0
	0
	0
	0

	9
	7
	0
	0
	0
	0
	0
	0


Table 3. Example of PHICH sequence index (Normal CP, NRB=6, Ng=1/6 case)
	n(2)DMRS
	nDMRS     IPRB
	0
	1
	2
	3
	4
	5

	0
	0
	0
	1
	2
	3
	4
	5

	6
	1
	1
	2
	3
	4
	5
	6

	3
	2
	2
	3
	4
	5
	6
	7

	4
	3
	3
	4
	5
	6
	7
	0

	2
	4
	4
	5
	6
	7
	0
	1

	8
	5
	5
	6
	7
	0
	1
	2

	10
	6
	6
	7
	0
	1
	2
	3

	9
	7
	7
	0
	1
	2
	3
	4


Table 4. Example of PHICH group index (Normal CP, NRB=6, Ng=2 case)
	n(2)DMRS
	nDMRS     IPRB
	0
	1
	2
	3
	4
	5

	0
	0
	0
	1
	0
	1
	0
	1

	6
	1
	1
	0
	1
	0
	1
	0

	3
	2
	0
	1
	0
	1
	0
	1

	4
	3
	1
	0
	1
	0
	1
	0

	2
	4
	0
	1
	0
	1
	0
	1

	8
	5
	1
	0
	1
	0
	1
	0

	10
	6
	0
	1
	0
	1
	0
	1

	9
	7
	1
	0
	1
	0
	1
	0


Table 5. Example of PHICH sequence index (Normal CP, NRB=6, Ng=2 case)

	n(2)DMRS
	nDMRS     IPRB
	0
	1
	2
	3
	4
	5

	0
	0
	0
	0
	1
	1
	2
	2

	6
	1
	1
	1
	2
	2
	3
	3

	3
	2
	2
	2
	3
	3
	4
	4

	4
	3
	3
	3
	4
	4
	5
	5

	2
	4
	4
	4
	5
	5
	6
	6

	8
	5
	5
	5
	6
	6
	7
	7

	10
	6
	6
	6
	7
	7
	0
	0

	9
	7
	7
	7
	0
	0
	1
	1


Table 6. Example of PHICH group index (Extended CP, NRB=6, Ng=2 case)
	n(2)DMRS
	nDMRS     IPRB
	0
	1
	2
	3
	4
	5

	0
	0
	0
	1
	0
	1
	0
	1

	6
	1
	1
	0
	1
	0
	1
	0

	3
	2
	0
	1
	0
	1
	0
	1

	4
	3
	1
	0
	1
	0
	1
	0

	2
	4
	0
	1
	0
	1
	0
	1

	8
	5
	1
	0
	1
	0
	1
	0

	10
	6
	0
	1
	0
	1
	0
	1

	9
	7
	1
	0
	1
	0
	1
	0


Table 7. Example of PHICH sequence index (Extended CP, NRB=6, Ng=2 case)

	n(2)DMRS
	nDMRS     IPRB
	0
	1
	2
	3
	4
	5

	0
	0
	0
	0
	1
	1
	2
	2

	6
	1
	1
	1
	2
	2
	3
	3

	3
	2
	2
	2
	3
	3
	0
	0

	4
	3
	3
	3
	0
	0
	1
	1

	2
	4
	0
	0
	1
	1
	2
	2

	8
	5
	1
	1
	2
	2
	3
	3

	10
	6
	2
	2
	3
	3
	0
	0

	9
	7
	3
	3
	0
	0
	1
	1
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