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1
Introduction
In RAN1#50 meeting in Athens, it was concluded that:
· Mini-CCE = 4 consecutively useful REs in frequency domain

· Mini-CCEs used as “building blocks” for PCFICH, PHICH and PDCCh

· PHICH uses 3 ‘mini-CCEs’ for both 1 and 3 OFDM symbol duration. 
· FFS if 4 mini-CCEs are needed for the single antenna case
· SF=4 for 1 and 2 Tx antenna case. FFS for 4Tx antenna case
· ACK/NAK bit repeated 3 times. Each repeated bit spread to generate the contents of one mini-CCE.

The mini-CCE consists of 4 consecutively useful REs to allow for spreading factor to be 4 for PHICH. However, this requires the channel remains flat over 75KHz with 2 and 4 Tx antennas, which is beyond the coherence bandwidth of the extended cyclic prefix configuration. 
In this paper, we discuss the PHICH structure with extended cyclic prefix configuration. We propose to change the mini-CCE to be 2 consecutively useful REs for extended cyclic prefix, and correspondingly, each PHICH spans 4 mini-CCEs with spreading factor to be 2.
On the other hand, in 4Tx antenna case, SF=4 cannot be maintained with SFBC+FSTD due to the loss of orthogonality of the CDM spreading with SFBC+FSTD receiver. In this paper we also discuss the PHICH structure with 4 Tx antenna system.

2
Suggested PHICH structure
2.1
Definition of mini-CCE with extended CP
The cyclic prefix length with extended CP configuration is 16.67us, which implies a coherence bandwidth of 30KHz (one half of the inverse of the channel delay spread). With SF=4, it requires the channel remains flat over 75KHz with multiple transmit antennas present in the system. Certainly the orthogonality cannot be maintained with SF=4 with the extended CP structure. 

In order to have a robust PHICH performance with the extended CP configuration, we propose to change the mini-CCE size to be 2 with 2 consecutive REs in frequency domain. Correspondingly, the spreading factor is changed to be 2 instead of 4 and the repetition factor is 4 instead of 3.

With spreading factor being 2 the PHICH structure for 4 Tx antenna case is the same as that for 1 and 2 Tx antenna cases. That is, SF=2 for 1, 2 and 4 Tx antennas, SFBC with 2 Tx antennas while SFBC+FSTD with 4 Tx antennas.

2.1
PHICH structure for 4 Tx Antenna case with normal CP 
The desirable PHICH structure for 4 Tx antenna case with normal CP would be able to keep the same multiplexing capability compared to 1 and 2 Tx antenna cases. In order to maintain SF to be 4 in the 4 Tx antenna case, the current 4 Tx antenna transmit diversity scheme needs to be changed for PHICH. 
One example is to change SFBC+FSTD to quasi-orthogonal space-frequency block code (QOSFBC) as follows: 
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where 
[image: image3.wmf][

]

4

3

2

1

s

s

s

s

are the combined CDM signals from 4 UEs. 
With QOSFBC structure SF=4 can be maintained at the cost of non-ideal data stream separation in the sense that 
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The other example is to use only 2 transmit antennas with SFBC for each repetition [1]. 
3
Conclusions

Based on the discussion shown in section 2, we propose to have the following:
· Define the mini-CCE to be 2 consecutive REs in frequency domain for the extended CP to have robust PHICH performance. 
· SF=2 for 1, 2 and 4 Tx antennas

· Same spreading factor for 1, 2 and 4 Tx antennas for normal CP. 
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