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1. Introduction
During RAN1#50bis meeting, the following has been agreed on PHICH (Physical Hybrid ARQ Indicator Channel) structure in extended cyclic prefix subframe [1].

· For extended CP, use SF = 2 with 1, 2 and 4 Tx antennas.
However, the exact structure for SF=2 case is for further discussion. In this contribution, we discuss detail PHICH structure for 1, 2 and 4 TxD in extended CP (Cyclic Prefix) subframe.
2. Number of repetition of SF2 PHICH groups
While 3 repetitions of each PHICH group is current working assumption, it was also discussed via email reflector repeating each PHICH group 6 times in case of SF=2. Assuming I/Q multiplexing of PHICH, this means 12 REs support up to 4 DL ACK/NACK signals, while 12 REs can support 8 DL ACK/NACK signals with current working assumption.
Table 1 below shows number of remaining REs available for control signaling after DL RS, PCFICH and PHICH mapping, where 6 RBs in system bandwidth and 2 transmit antennas are assumed. As shown in the table, waste of REs by 6 times repetition of PHICH is not negligible especially in case of small system bandwidths. In addition to that, we emphasize two points;
· Specification of 3 times repetition of SF2 PHICH is not complex.

· Details on DL control signaling such as signaling size and signaling in TDD mode are not yet defined.

Therefore, we recommend defining 3 times repetition of SF2 PHICH in case of extended CP as in current working assumption.

Table 1   Number of available REs for control signaling after DL RS, PCFICH and PHICH mapping

	# OFDM symbols used for unicast control signaling
	# PHICHs
	# Remaining REs

with 3 repetitions
	# Remaining REs

with 6 repetitions

	1
	1~4
	20
	20

	
	5~8
	20
	8

	
	9~12
	8
	N.A.

	
	13~16
	8
	N.A.

	2
	1~4
	92
	92

	
	5~8
	92
	80

	
	9~12
	80
	68

	
	13~16
	80
	56

	3
	1~4
	164
	164

	
	5~8
	164
	152

	
	9~12
	152
	140

	
	13~16
	152
	128


3. Antenna mapping of PHICH in extended CP subframes
In case of 1 or 2 Tx antennas with SF=2, connecting 2 PHICH CDM groups over a 4 RE REG unit as in figure 1 and figure 2 is a natural way to keep the control channel structure based on REG units. Therefore, we suggest structures shown in figure 1 and figure 2 as antenna mapping for PHICH in case of 1 Tx antenna and 2 Tx antennas respectively.
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Figure 1     PHICH antenna mapping with SF=2 for 1 TxD (Amn: m-th spread symbol of n-th PHICH group, Ci: i-th symbol for a CCE)
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Figure 2      PHICH antenna mapping with SF=2 for 2 TxD (Amn: m-th spread symbol of n-th PHICH group, Ci: i-th symbol for a CCE)
In case of 4 Tx antennas, we consider two alternatives for PHICH antenna mapping as follows.

Alt 1) Connecting 2 PHICH CDM groups in a 4 RE unit under original SFBC/FSTD structure
In this alternative, each PHICH is spread by SF=2 and a couple of PHICH CDM groups are coupled in an REG unit to keep 4 RE REG based structure. Moreover, antenna mapping position of those coupled PHICH CDM groups are reversed per each repetition two keep the same SFBC+FSTD antenna mapping structure with other channels following current working assumption.

Pros)

· 4 Tx antenna SFBC/FSTD structure is same with that for other channels.

Cons)

· 4 Tx antenna SFBC/FSTD structure is different from that for normal CP subframe.
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Figure 3     PHICH mapping alternative 1 with SF=2 for 4 TxD (Amn: m-th spread symbol of n-th PHICH group, Ci: i-th symbol for a CCE)
Alt 2) Connecting 2 PHICH CDM groups in a 4 RE unit under modified SFBC/FSTD structure
As the other alternative, we consider applying modified SFBC/FSTD for 4 TxD which is same with that for normal CP subframe [1]. In this structure, only SF is reduced from 4 to 2 with same structure as shown in figure 4. Pros and cons of this alternative are as follows.
Pros)

· 4 Tx antenna SFBC/FSTD structure is same with that for normal CP subframe..
Cons)

· 4 Tx antenna SFBC/FSTD structure is different from other control channels.
 [image: image4.emf] 

A

11

-A

21

*

A

21

A

11

*

Ant.  1

Ant.  2

C

1

-C

2

*

C

2

C

1

*

C

3

-C

4

*

C

4

C

3

*

Ant.  3

Ant.  4

A

12

-A

22

*

A

22

A

12

*

A

12

-A

22

*

A

22

A

12

*

A

11

-A

21

*

A

21

A

11

*

. . . . . . . .

A

11

-A

21

*

A

21

A

11

*

A

12

-A

22

*

A

22

A

12

*

frequency


Figure 4     PHICH mapping alternative 2 with SF=2 for 4 TxD (Amn: m-th spread symbol of n-th PHICH group, Ci: i-th symbol for a CCE)
We don’t see a big technical difference between those two alternatives above. Therefore, we suggest employing either of those two alternatives for PHICH to antenna mapping in case of extended CP.
4. Conclusions

In this contribution, we suggest to keep current working assumption of 3 times repetition of each PHICH group in extended CP cases as well. 
For more details, we suggest a PHICH to antenna mapping for 1 and 2 TxD and two alternatives for PHICH antenna mapping for 4 TxD in the extended CP case.
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