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1 Introduction
During the last RAN1 #50bis meeting, the following agreements were reached on downlink control signalling [1]:

· SU-1 can be dynamically scheduled

· PHICH duration ‘almost never’ changed

· If needed, the PHICH duration is signaled on PBCH (1 bit)

· PCFICH resources are always reserved regardless of PHICH duration

· In MBSFN subframes, the UE should ignore the PCFICH (n is given by higher layers)

· In unicast subframes and PHICH duration =3, the UE should ignore the PCFICH value

· PCFICH is handled outside of the interleaver for control channel mapping
One of the remaining issues is whether PHICH is handled inside/outside of the interleaver for control channel mapping and it is related to Chicken-and-Egg problem, which is summarized as follows:
· If both PCFICH and PHICH are outside of the CCE interleaver for PDCCH mapping, then the CCE interleaver will depend on PHICH configuration such as PHICH duration(=M) and the number of PHICHs (=N).

· The UE needs to know N before it decodes PDCCH for DBCH which carries N.

· This Chicken-and-Egg problem is mainly caused by the dependency between PHICH mapping and the assignment of DBCH carrying PHICH configuration.

· Hence, the dependency should be broken to resolve Chicken-and-Egg problem.
Two alternatives have been suggested as solutions for ‘Chicken-and-Egg’ problem. This document lists several options of each alternative and studies pros and cons of each solution. 
2 Solutions for Chicken-and-Egg Problem
Whether the PHICH is handled inside/outside of the CCE interleaver differentiates between Alternatives 1 and 2. Alternative 1 is in line with the current working assumption on the mapping of downlink control channel. Alternative 2 [2] has been suggested to solve the potential Chicken-and-Egg problem. Several options of each alternative have been discussed in the last meeting. In this section, we will investigate pros and cons of each solution.
2.1 Alternative 1: PHICH outside of the CCE interleaver
Alternative 1 assumes that PHICH resources are reserved outside the CCE interleaver. The length of the CCE interleaver depends on the amount of reserved PHICH resources. Before reading the PDCCH for DBCH assignment, therefore, UE should know N. There are four options discussed in the last meeting to resolve Chicken-and-Egg problem under Alternative 1:
A1-1. N is signalled on PBCH.
This is a simple solution for Chicken-and-Egg problem. If both M and N are signalled on PBCH, then there is no issue about Chicken-and-Egg problem. PBCH contain (1+x) bits to indicate the PHICH configuration: 1 bit is for the indication of M and x bits are for the indication of N. The interpretation of x bits for N depends on PHICH duration (M) and the system bandwidth. Overhead on PBCH increases to support this option but having x=2 seems a reasonable overhead.
A1-2. A special PDCCH for DBCH assignment is introduced, which is outside of the CCE interleaver. N is signalled on DBCH.
The PDCCH for DBCH assignment and PHICHs are outside of the CCE interleaver. The order of mapping  downlink control channels will  be

PCFICH ( PDCCH for DBCH assignment ( PHICHs ( PDCCHs.

This option breaks the dependency by the fixed mapping of PDCCH for DBCH assignment. Therefore, the UE monitoring DBCH can successfully decode the PDCCH for DBCH assignment without prior knowledge about N.
A1-3. UEs blindly detect the first PDCCH for all possible PHICH resources assuming the first PDCCH is for DBCH assignment. N is signalled on DBCH.
No additional overhead is introduced. However, computational complexity will increase for the UE to support this scheme.
A1-4. N is given by the system bandwidth.

No additional overhead is introduced. However, less flexibility in resource utilization is expected since PHICH resource should be reserved in consideration of the maximum value of N.

2.2 Alternative 2: PHICH inside of the CCE interleaver
Alternative 2 assumes that PHICH resources are part of the CCE interleaving process. Fundamental property to disconnect the dependency in Alternative 2 is that the PDCCH for DBCH assignment is mapped to the resources independent of PHICH configurations. Note that the option 2 of Alternative 1 (A1-2) also takes advantage of this property. While Alternative 2 achieves the goal implicitly by inputting PHICH to the per-OFDM symbol interleaver, A1-2 does explicitly by defining the fixed mapping of PDCCH for DBCH assignment. There are two options discussed in the last meeting to resolve Chicken-and-Egg problem under Alternative 2:

A2-1. M is signalled on DBCH.

A2-2. M is signalled on PBCH.
One of the concerns on alternative 2 is the diversity performance of PHICH. In Alternative 2, the interleaver dictates to PHICH-to-RE mapping. Since PHICH uses smaller amount of mini-CCEs compared to PDCCH, treating PHICH like PDCCH in the interleaver will lead to poorer diversity performance of PHICH than PDCCH. Hence, it is an important design criterion to place the mini-CCEs of a PHICH with large separations in frequency domain. While a good per-OFDM symbol interleaver can place the mini-CCEs onto appropriate positions in case of M=1, the per-OFDM symbol interleaver may fail to in case of M=3. If the interleaves are designed to guarantee PHICH performance in Alternative 2, the interleavers should be related to each others. On the other hand, PHICH performance is always and successfully guaranteed with a simple and generic CCE interleaving structure if PHICH mapping is carried out before PDCCH interleaving (i.e. Alternative 1).
3 Summary
In this contribution, we studied the solutions for the Chicken-and-Egg problem and discussed pros and cons of the solutions. Since PHICH performance is always and successfully guaranteed with a simple and generic CCE interleaving structure in Alternative 1, we recommend to keep the current working assumption. A1-1 (PHICH configurations on PBCH) is recommended since it spends reasonable overhead on PBCH and clearly dismisses the Chicken-and-Egg problem.
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