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1 Introduction
In this contribution, we would like to provide a general view of our understanding of the general structure of the PDCCH. In this document, we will focus on the conceptual understanding of the structure rather than the actual algorithms and mapping functionalities. We believe that it is necessary to have a common agreement of the general structure in order to make proper decisions related to mapping algorithms and resource allocations.
2 The basic control channel structure
Our starting point in this document is that we have a number of resources (that is, resource elements – RE) available within the first ‘n’ OFDM symbols within a TTI. These resources will be devided between the following entities:
· Reference symbols

· PCFICH

· PHICH

· CCEs for control channel candidates potentially carrying PDCCHs
This overall structure is shown in Figure 1, where we have placed the different resources in sequence and not considered their individual mapping to the actual physical resources. This means that the resources for reference symbols (depending on the number of transmit antennas) within the first ‘n’ OFDM symbols as well as the PCFICH resources are mapped to the first OFDM symbol of the TTI, while the PHICH resources are mapped according to the semi-static configuration of the PHICH. Finally, the CCE blocks are mapped to the ‘n’ OFDM symbols using a mapping functionality to provide diversity in both time and frequency.
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Figure 1 Conceptual illustration of the resources assigned by the control channel.
This figure will act as the basis for our following discussions.
3 The chicken and egg problem for the PHICH
As the actual size of the PHICH will probably not be known directly from the P-BCH, we suggest to define a maximum size of the PHICH area, which should be defined as a function of the system bandwidth and potentially also as a function of ‘n’. Now, having this assumption of a maximum size of the PHICH area, it is possible to define the CCE structure in a linear manner (assuming an interleaving function during the mapping to the physical resources). To solve the chicken and egg problem described in [4], we suggest to define the downlink specific CCEs to start from the right-most side of the figure, as shown in Figure 2. Here we have defined the downlink search space [1] in such a way that it is well defined and does not extend into the maximum area for the PHICH area. In this way it will always be possible for the UE to find and decode the D-BCH and obtain knowledge of the actual size of the PHICH. Again, referring to [1] we define the uplink search space from the left-most side of the resources reserved for the CCEs. 
[image: image2.wmf]DL allocations

UL allocations

DL RS

PCFICH

PHICH area

5

6

4

3

2

1


Figure 2 Expanded version of Figure 1, where the downlink CCE numbering has been introduced as well as the seperation of the uplink and downlink resource allocations as described in [1].
When the UE has obtained knowledge of the actual size of the PHICH, this will potentially free some resources that can be used for additional CCEs, which might increase the overall amount of available CCEs for dynamic scheduling. The only restriction for these resources is that the D-BCH allocation cannot be given on this channel. This is shown in Figure 3
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Figure 3 Expanded version of Figure 2, where PHICH area has been reduced by the UE knowing the actual amount of resources assigned for the PHICH. The PHICH resources that are not used in the cell can now be used for dynamic scheduling of the UEs (shown in the blue area).

This argumentation leads to the following suggestions:
Proposal 1: Let the maximum size of the PHICH area be defined from system level parameters.

Proposal 2: In case a smaller amount of  PHICH resources are actually used, the resources not assigned to PHICH might be reused for one or more CCEs for dynamic scheduling
4 Mapping and interleaving
Given the above structure, we would suggest to have a mapping and interleaving scheme for the PDCCH and the PHICH, which follows approach 1, as suggested by [5]. In this way we have a clear separation of the area reserved for the PHICH resources from the PDCCH resources, and with a proper interleaver, it is possible to obtain maximum separation of the CCEs in order to provide frequency diversity as well as time distribution for easier power balancing between CCEs. The selection of interleaver function should be FFS.
Proposal 3: Use separate mapping and interleaving scheme of PHICH and PDCCH.

5 Dimensioning the PHICH
Another problem related to the general control channel structure is how to assign and associate uplink resource grants to corresponding PHICH channels. As discussed in [2], there are a number of options related to how to configure the usage of the PHICH. In general and also as pointed out in [2], there are three different ways of approaching the PHICH assignments.
1. Implicit allocation derived from the VRB index used for the uplink allocation.

2. Implicit allocation derived from the CCE index used for the uplink resource grant (inspired by the approach from [3], but adjusted to the uplink grant method).
3. Using explicit signalling in the uplink resource grant.

All of these solutions have some potential drawbacks, which are shortly described here:

Proposal 1 has the drawback that we ned to reserve as many PHICH resources as we have VRB options (50 for the 10 MHz system bandwidth case), and when scheduling high data rates for single users, we have low utilization of the PHICH. Further, if MU-MIMO is applied in uplink, multiple UEs are referred to the same PHICH resource.
Approach 2 has the drawback that 2nd non-adaptive retransmissions do not have a previous CCE index to refer to (as this is potentially given to a new scheduled transmission), unless there is a rule that all retransmissions are always scheduled using the PDCCH (thereby rendering the PHICH used only for positive acknowledgements). Thus we have to either introduce ‘blocking of the sheduled CCE index to keep the PHICH channel reserved, or increase (multiply) the amount of PHICH channels by a factor corresponding to the maximum number of retransmissions). Another alternative to circumvent this lack of implicit connection to the PHICH would be to require that once a PHICH based retransmission has taken place, a new retransmission can only be scheduled dynamically (potentially using the same physical resources). Another potential drawback of solution 2 is that semi-persistent users would need their own set of PHICH channels, as they do not have a CCE index to refer to. Thus, the PHICH overhead in case of semi-persustent allocations in uplink might increase a bit.
The main drawback of solution 3 is that this will introduce an additional overead for all uplink grants of 4-6 bits (depending on the expected amount of pending H-ARQ retransmissions combined with the total amount of new scheduled transmissions).  Solution 3 has a similar drawback as solution number 2 related to the semi-persistently allocated users in uplink, as we would need extra resources for these.
Any of these proposals have their drawbacks as described, and we believe that option 2 will provide the lowest overhead of the PHICH.
Proposal 4: Use implicit allocation of PHICH resources based on CCE index used for uplink grant (potentially with restrictions).
With knowledge of the maximum amount of scheduled users within a given system bandwidth (can be calculated using rules), we would recommend that equations are set up to calculate the maximum PHICH size. This should be studied a bit further.
6 Conclusions
Following the discussion above, we recommend that the following proposals are accepted and incorporated in the relevant specifications:

Proposal 1: Let the maximum size of the PHICH be defined from system level parameters.

Proposal 2: In case a smaller amount of  PHICH resources are actually used, the resources not assigned to PHICH might be reused for one or more CCEs for dynamic scheduling

Proposal 3: Use separate interleaving of PHICH and PDCCH.

Proposal 4: Use implicit allocation of PHICH resources based on CCE index used for uplink grant (potentially with restrictions).
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