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1. Introduction

HARQ-ACK signaling on the DL is required to indicate a success or failure of UL data transmission. In LTE Rel-8/9, DL HARQ-ACK signaling is conveyed on the Physical Hybrid ARQ Indicator Channel (PHICH). If a NACK signal is detected in subframe n corresponding to a previous UL transmission the UE performs non-adaptive transmission, except an UL grant is also detected in subframe n. The Rel-8 PHICH conveys one HARQ-ACK signal for UL SIMO transmission, since only one transport block can be transmitted by a UE. For LTE-Advanced, a multi-antenna UE can be configured for UL SU-MIMO transmission, which may require HARQ acknowledgment for up to two transport blocks. This contribution addresses PHICH design to enable multiple HARQ-ACK signaling on the PHICH.
2. Discussion
The Rel-8/9 PHICH transmission resource is specified by a frequency/code resource
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denotes the orthogonal sequence index within the PHICH group [1]. These parameters are defined by 
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where 
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 corresponds to the PRB with the lowest index in the signaled UL grant for UL data transmission on the PUSCH, 
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is the spreading factor of the orthogonal sequence, and 
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is obtained from the DMRS field of DCI format 0. Several methods are possible to extend PHICH for 2-codeword transmission.
2.1. HARQ Bundling
HARQ-ACK bundling can be employed to preserve the Rel-8 requirement of one PHICH resource per UE. A logical ‘AND’ is performed on the individual ACK/NACK signals for each codeword. Therefore, an ACK is sent if both codewords are successfully received and a NACK is sent if either codeword is erroneously received. The features of this option are as follows:

1. At low UE speeds, bundling performs well since there is a high degree of correlation between the spatial streams.

2. At moderate UE speeds, there is some performance loss with bundling compared to separate HARQ-ACK signals for each codeword.

Although there is some performance loss at moderate to high UE speed, we note that UL-MIMO is optimized for low speed. HARQ-ACK bundling can also be aided by

1. Adaptive re-transmission
a. The eNB sends an UL grant in subframe n corresponding to a PUSCH transmission in subframe
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. The UL grant contains new data indicator (NDI) bit fields for each codeword. The NDI bits serve as implicit HARQ-ACK signaling bits
i. If the NDI bit for a specific codeword is toggled it implies an ACK, while if the NDI is not toggled it implies a NACK. 
b. An advantage of adaptive re-transmission is that the eNB can also change the precoding matrix indicator (PMI) and transmission rank.

2. If the UE does not detect a PDCCH with DCI format 0 in subframe n corresponding to a PUSCH transmission in subframe
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, the UE re-transmits both codewords if a NACK is decoded on the PHICH.

2.2. DMRS Cyclic Shift to PHICH Resource Mapping
The Rel-8 DMRS cyclic shift-to-PHICH resource mapping can be applied for acknowledging UL SU-MIMO transmission. For UL MIMO there shall be as many DMRS values signaled in the UL grant as there are antenna ports. Here, an antenna port is associated with a particular transmission layer. Hence, the number of antenna ports in this context is the number of transmission layers. For UL-MIMO with 2-layer transmission (valid for 2Tx or 4Tx scenario) the PHICH resource allocation for the kth codeword is given as
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where 
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is the signaled DMRS value for antenna port p (p = 0, 1) and k = p. 

For 3-layer or 4-layer transmission (4Tx scenario) two out of four DMRS values can be selected to assign PHICH resources for up to two codewords. For example, the PHICH resources can be obtained from the first two DMRS values, 
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. The main features of this scheme are:
· 2-bit HARQ-ACK requires two PHICH resources. This implies that four MIMO users can be multiplexed in the same PHICH group, which reduces the PHICH multiplexing capacity. In other words this scheme is equivalent to QPSK encoding.

· For rank-1 UL transmission the UE can assume that the Rel-8 PHICH resource allocation is used in equations (1) and (2)

· It is possible to multiplex a mixture of SIMO and MIMO users in the same PHICH group. For M MIMO users, M + (4 – M) * 2 rank-1 users can be multiplexed in the same PHICH group.

2.3. QPSK Modulation
In Rel-8 the HARQ-ACK bit is BPSK-modulated and spread with an orthogonal sequence such that up to 8 UEs can be multiplexed in one PHICH group. For acknowledging ULSU-MIMO transmission two HARQ-ACK bits can be QPSK-modulated to maintain one PHICH resource per UE. In the case of rank-1 transmission by a UE, which is configured for UL-MIMO, the UE can assume that the Rel-8 PHICH transmission procedure is adopted for a single bit HARQ-ACK transmission, i.e. BPSK modulation. Figure 1 shows the constellation points for Rel-8 PHICH (with I and Q branches, accommodating 2 UEs) and for the proposed PHICH transmission for UL-MIMO.

[image: image16.emf]Rel-8 constellation Proposed constellation


Figure 1 Rel-8 BPSK-modulated and QPSK-modulation PHICH constellations

If the two constellations are used in the same PHICH group up to eight Rel-8 SIMO UEs (BPSK modulation) and four Rel-10 MIMO UEs (using QPSK modulation) can be multiplexed in the same PHICH group. However, it can be seen in Figure 1 that there would be some performance loss because the minimum Euclidean distance between neighboring constellation points is reduced. This performance loss can be mitigated by PHICH boosting of the PHICH signals corresponding to UL-MIMO transmission. Alternatively, smart scheduling by the eNB can ensure that only a few of the constellation points in Figure 1 can be used for such a mixed PHICH group.  

3. Conclusion

We discussed the issue of HARQ-ACK signaling on the PHICH for UL SU-MIMO. Solutions based on PHICH bundling, and using two PHICH resources were shown. 
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