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1. Introduction

At the Shanghai meeting, the control channel element (CCE)-to-resource element (RE) mapping and the associated “chicken and egg” problem was discussed [1]. During the meeting, the configurability of the physical hybrid ARQ indicator channel (PHICH) was also discussed. This contribution describes our views on the PHICH configuration in the E-UTRA downlink.
2. PHICH Configurability
2.1. Necessity of PHICH Configurability

As agreed in Athens, the PHICH uses three mini-CCEs, although one transmission antenna case is FFS. Considering the spreading factor of four and I/Q multiplexing, eight PHICHs are accommodated in three mini-CCEs (= 12 REs). In [2], it was proposed that a fixed amount of resources be used for the PHICH corresponding to the number of resource blocks (RBs) in the downlink transmission assuming the worst case in which each RB is occupied by a different user equipment (UE). However, in order to achieve the PHICH bit error rate of 10-4 for the cell edge UE, the power resources must be shared among the PHICHs. Based on the evaluation results, the repetition factor of more than 16 is required to support a cell edge UE, requiring 10 PHICH radio resources (one PHICH radio resource corresponds to 1.5 REs). We need 10 NUE PHICH to support the NUE cell edge UEs in one subframe. Considering this overhead, we must consider more resources for PHICH than the case in [2]. 

In addition, the ability to configure PHICH is also beneficial in supporting an asymmetric bandwidth allocation for the uplink and downlink, as discussed in the E-mail reflector. Furthermore, since we are considering the semi-static assignment of adaptive and non-adaptive HARQ [3], many UEs employ adaptive HARQ without the PHICH in small cells. In such cases, this ability to configure PHICH is also beneficial.

Therefore, the number of PHICHs should be configurable. 
2.2. Number of PHICH Configurations
In this section, the number of required PHICH configurations is evaluated. We assumed the following.
· The minimum number of PHICHs is eight (three mini-CCEs)

· There is the same number of the PHICHs as that for the RBs in the system bandwidth

· The maximum number of PHICHs are 40, 80, and 160 (for 5, 10, and 20 MHz, respectively)
In addition, we assume the number of REs for CCEs ares 36, 48, and 60 for 5, 10, and 20 MHz, respectively, corresponding to the coding rate of 2/3. The number of transmission antennas is assumed to be 1. 
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Figure 1 – Number of CCEs as a function of number of PHICH
Figure 1 shows the number of CCEs as a function of the number of PHICHs with the number of control channel format indicator (CCFI), n, as a parameter. As the number of PHICHs increases, the number of CCEs decreases. Table 1 summarizes the ratio of unused CCEs when applying a static configuration, assuming that the number of PHICHs corresponds to the number of RBs. In the table, “min.”, “system”, and “max.” denotes the case of the minimum number of PHICHs, the same number of the PHICHs as that for the RBs in the system bandwidth, and the maximum number of PHICHs, respectively. The table shows that the unused CCEs ratio increase by applying the static configuration is 5 – 15 %, assuming n = 2. In addition, the increase of the number of CCEs is at maximum three. Therefore, we require only two bits to inform the configuration to UEs.

Therefore, a semi-static configuration should be applied to the PHICH configuration with two-bit granularity.
Table 1 – Number of CCEs

	
	5 MHz
	10 MHz
	20 MHz

	
	Min.
	System
	Max.
	Min.
	System
	Max.
	Min.
	System
	Max.

	n = 1
	4
	3

(25%)
	3 (25%)
	7
	6

(14%)
	5

(29%)
	12
	10

(17%)
	9

(25%)

	n = 2
	13
	12

(8%)
	11

(15%)
	20
	19

(5%)
	18

(10%)
	32
	30

(6%)
	29

(9%)

	n = 3
	21
	20

(5%)
	20

(5%)
	32
	31

(3%)
	30

(6%)
	52
	50

(4%)
	49

(6%)


2.3. Control Signaling for PHICH Configuration
As discussed in Shanghai, there are possible candidates for the signaling method for the PHICH configuration as listed below [1].
· Signaled using the P-BCH

· Signaled using a special PDCCH format (outside the interleaver) used for dynamic BCH SU-1
· Blind detection of the first PDCCH for all possible PHICH configurations
Among these, since we only have a limited number of configurations as descried in Section 2.2, blind detection is preferred. 
3. Conclusion

This contribution presented our views on the PHICH configuration. A semi-static configuration should be applied to the PHICH configuration with two-bit granularity. The preferred option to detect the PHICH configuration is blind detection.
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