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1. Introduction

For the PHICH, it was agreed that SF=4 and repetition factor of 3 will be used.  In this contribution, we proposed to introduce I/Q multiplexing on the PHICH in order to increase multiplexing capability.  In addition, we showed that a simple PHICH frequency mapping relative to the PCFICH can provide good frequency diversity.
2. PHICH Channel Structure
An illustrative block diagram of the PHICH is shown in Figure 1.  Although the repetition and spreading factors have been agreed, the modulation and mapping of the PHICH are to be discussed. 
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Figure 1.  PHICH Block Diagram.

Three possible options can be considered regarding ACK/NACK multiplexing capacity -

1. QPSK modulation mapped to I/Q branches:  2-bit ACK/NACKs from 4 UEs may be multiplexed together.

2. BPSK modulation mapped to I or Q branch: 1-bit ACK/NACKs from 4 UEs may be multiplexed together.

3. BPSK modulation mapped to I/Q branches: 1-bit ACK/NACKs from 8 UEs may be multiplexed together.
3. I/Q Multiplexing
Since the current stage of the specifications does not support SU-MIMO on the uplink, there is no immediate incentive to design the ACK/NACK channel to possibly carry 2 bits of information.  Rather, the main design criteria should be to minimize the PHICH overhead.  The decision then boils down to whether to use BPSK with mapping to only I or Q branches to avoid performance loss due to interference from the other branch, or to map to both branches to increase PHICH multiplexing capacity.
The main disadvantage of I/Q multiplexing is the interference introduced by the other branch due to imperfect channel estimation.  When there is a large power imbalance between the branches, then ACK/NACK performance for the low-power users will be impacted.  Naturally, this performance loss is dependent on the degree of the channel estimation errors.  However, it should be noted that users requiring low ACK/NACK powers are generally in good locations and thus will suffer less from channel estimation errors.  In addition, it is possible for the eNB to manage this potential loss through intelligent scheduling (e.g. by ensuring that UEs with similar power requirements share the same PHICH) and/or enforcing power restriction on the ACK/NACK to ensure that the imbalance is not too large.   Of course, if the required transmission power of the ACK/NACK is small even for cell-edge UEs, then power balancing may not be needed and the eNB can transmit all the ACK/NACKs at the same power.
The obvious advantage for I/Q multiplexing is the doubling of PHICH capacity as each channel can now carry 8 ACK/NACKs.  Currently, ACK/NACK resource assignment has not been agreed, but there appears to be strong support for an implicit relationship (e.g. based on the RB, DM RS, or CCE index) similar to that used on the PUCCH.  Although implicit signaling saves significant resources on the PDCCH, one disadvantage is that more ACK/NACK resources must be provisioned.   As a result, it is imperative that each PHICH can accommodate as many ACK/NACKs as possible.
4. PHICH Frequency Mapping
The following PHICH frequency mapping schemes (1 OFDM symbol duration) were evaluated –
· Mapping 1: PHICH mapping is relative to the PCFICH with PHICH mapping tied to the 1st, 2nd, and 3rd PCFICH mini-CCEs.

· Mapping 2: PHICH mapping is relative to the PCFICH with PHICH mapping tied to the 1st, 2nd, and 4th PCFICH mini-CCEs.  See Table 1 for an illustration of the mapping.
· Mapping 3: PHICH mapping is performed via N/3 mapping using unused mini-CCEs after PCFICH allocation.  This is done by re-numbering the unused mini-CCEs in the first OFDM symbol after PCFICH allocation from 0 up to N-1 and mapping the PHICH to 3 mini-CCEs spaced by N/3.
Figure 2 - Figure 3 illustrate PHICH performance for the three mappings with 1 and 2 Tx antennas at the eNB, respectively.  From the figures, it is seen that there is some performance improvement between Mappings 1 and 3 due to increased frequency diversity.  However, there is no discernible performance difference, even at 1e-4 BER, between Mappings 2 and 3.  Therefore, PHICH mapping relative to the 1st, 2nd, and 4th PCFICH mini-CCEs provides good frequency diversity and simple mapping.
Table 1.  REG (mini-CCE) mapping of control channels for cell specific offset=0.

[image: image2.emf]REG# #REGs REG Type REG# #REGs REG Type

0 1 PCFICH 0-49 10x5 CCE

1 1 PHICH G1

2 1 PHICH G2

3-10 2x4 CCE

11 1 CCE

12 1 PCFICH

13 1 PHICH G1

14 1 PHICH G2

15-17 3 CCE

18-21 4 CCE

22-23 2 CCE

24 1 PCFICH

25-26 2 CCE

27-34 2x4 CCE

35 1 CCE

36 1 PCFICH

37 1 PHICH G1

38 1 PHICH G2

39-41 3 CCE

42-49 2x4 CCE

4TX Antenna, n=2, 5MHz, CCEsz=36REs

OFDM Symbol1 OFDM Symbol2


5. Conclusions
The following conclusions regarding the PHICH may be drawn -

· I/Q multiplexing should be used with BPSK modulation to allow 8 ACK/NACKs to be multiplexed into one PHICH.
· No discernible performance difference when PHICH is mapped relative to the 1st, 2nd, and 4th PCFICH mini-CCEs versus N/3 mapping using unused mini-CCEs after PCFICH allocation.   Therefore, PHICH mapping relative to PCFICH can provide both good frequency diversity and simple mapping.
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Figure 2.  PHICH performance – 1Tx-2RX, ideal channel estimation.
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Figure 3.  PHICH performance – 2Tx-2RX, ideal channel estimation.




























































































































































































































































