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1. Introduction

At the RAN1 #51bis meeting, the remaining PHICH details were agreed except for radio resource indication. This contribution describes our views on the radio resource indication of the PHICH in the E-UTRA downlink based on performance evaluation results.
2. Simulation Setup

We evaluate the achievable bit error rate (BER) performance of the PHICH based on a link level simulation. Table 1 gives the major simulation parameters assumed in the evaluation. We assume the system bandwidth of 10 MHz.
Table 1 – Simulation parameters
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3. Simulation Results
3.1. Performance of I/Q Multiplexing

As agreed at the RAN1 #51bis meeting, I/Q multiplexing [1] is employed for the PHICH, since it is beneficial to increase the number of PHICHs compared to the case without I/Q multiplexing. The disadvantage is the performance degradation. Here, we evaluate the performance degradation using I/Q multiplexing. In the evaluation, we assume that four PHICHs can be accommodated using three mini control channel elements (CCEs) without I/Q multiplexing and eight PHICHs can be accommodated with I/Q multiplexing. We evaluated the performance using the actual channel estimation based on the reference signal multiplexed in the first slot. 

In the evaluation, we assume the worst case for I/Q multiplexing, that is, two PHICHs are always multiplexed with I/Q multiplexing using the same Walsh code as shown in Fig. 1. On the other hand, the two PHICHs are always multiplexed using different Walsh codes when I/Q multiplexing is not employed. The location of the desired and interfering UEs are fixed in this evaluation.
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Figure 1 – Simulation model


Figure 2 shows the average BER performance of the PHICH with and without I/Q multiplexing. The power ratio of the interfering UE to the desired UE, PUD, is a parameter. In the figure, the performance with ideal channel estimation is also shown as a reference. As shown in the figure, with actual channel estimation, the performance with I/Q multiplexing is degraded compared to that without I/Q multiplexing especially for a large PUD value due to the orthogonality destruction caused by the channel estimation error.
   [image: image4.wmf]10

-5

10

-4

10

-3

10

-2

10

-1

-2

0

2

4

6

8

Average received SNR per receiver branch (dB)

Average BER

W/o I/Q multiplexing

With I/Q multiplexing

Ideal channel

estimation

Real channel

estimation

10

-5

10

-4

10

-3

10

-2

10

-1

-2

0

2

4

6

8

Average BER

W/o I/Q multiplexing

With I/Q multiplexing

Ideal channel

estimation

Real channel

estimation

Average received SNR per receiver branch (dB)


(a) PUD = 0 dB                                                   (b) PUD = 6 dB

Figure 2 – Average BER performance of PHICH with and without I/Q multiplexing

Therefore, I/Q multiplexing should only be used when there are few PHICH resources. One of the PHICH numbering methods is shown in Fig. 3. 
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Figure 3 – Example of PHICH numbering
3.2. Required Radio Resources 

Finally, we evaluate the required radio resources for the PHICH considering the power sharing among simultaneously multiplexed UEs. The evaluation methodologies are described below.
· We first calculate the instantaneous received SINR of all UEs assuming no power sharing based on the system-level simulation. We assume the inter-site distance (ISD) of 500 m and the penetration loss of 20 dB. The distance-dependent path loss, shadowing, and instantaneous fading are taken into account to calculate the instantaneous received SINR. The locations of the UEs are randomly assigned with a uniform distribution within a cell and the inter-cell interference is assumed to have a Gaussian distribution. 

· The PHICH radio resource, i.e., PHICH group, Walsh code, and I/Q, for each UE is randomly assigned.
· The power resources of the PHICH are allocated to each UE in inverse proportion to the SINR without power sharing. Here, we only consider power sharing between the PHICHs.

The BER performance of each UE is obtained using the link-level simulation. We assume that the final BER performance is the average BER of all UEs at the different locations within the cell. Figure 4 shows the average BER as a function of the number of the PHICH groups, which corresponds to the PHICH overhead. Figure 4 shows that to accommodate more than 8 UEs, the available number of PHICHs becomes greater than 50, which is the number of RBs in the 10-MHz system bandwidth. 
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Figure 4 – Average BER as a function of the number of PHICH groups 
normalized by the total number of REs in one subframe (or one OFDM symbol)
Therefore, we need to consider following options.
· PHICH resource indication transmitted in the P-BCH should support more resources than the number of RBs in the system bandwidth.

· Power sharing between the PDCCH and PHICH in the first OFDM symbol should be supported.
4. Conclusion

This contribution presented our views on the PHICH configuration. 
· I/Q multiplexing should only be used when there are few PHICH resources.
· PHICH resource indication transmitted in the P-BCH should support more resources than the number of RBs in the system bandwidth or power sharing between the PDCCH and PHICH in the first OFDM symbol should be supported.
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