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Discussion and Decision
1 Introduction
In this contribution, we would like to provide our view of how the structure and format of the PHICH should be, as well as how to map different UL UE allocations to the PHICH structure.
2 The base mapping mechanisms
As we see the general problem of the PHICH, we should have a simple one-to-one mapping mechanism between the UL allocation grant and the corresponding PHICH resource. When applying implicit mapping between UL allocations and the corresponding PHICH channel, this can basically be based upon two functionalities; CCE index of allocating PDCCH, or referenced to the actual physical resource being allocated for the UL transmission. Initially, we will present the principles in a conceptual manner, and also present the advantages and disadvantages. We know that other solutions are available (for instance solutions based in initial grouping from higher layer signalling followed by offset pointers), but fundamentally, these solutions can be mapped to one of the below simple and basic solutions.

2.1 Indexing based on CCE index of allocating PDCCH.

In this approach, the principle is that for each allocation, the CCE index will be unique, and can thus be used for separating the user allocations and thereby ensure that each allocated UL user will get a corresponding PHICH channel allocated. The assignment of PHICH channels for persistently allocated users can be handled by reserving a separate set of PHICH resources to match the capacity needed by the persistent users.
This solution presents the following advantages:

· Simple mapping from CCE index of PDCCH resource allocation grant to PHICH resource

· Possibility to make compact PHICH resource allocation in case the PDCCH decoding attempts are reduced as suggested in [1] and [2]. If designed correctly, the amount of PHICH resources can be as low as the maximum number of simultaneously scheduled users.
And the main disadvantage (in case of non-adaptive H-ARQ) is as follows:
· As the mapping is tied to the CCE index of the allocation grant, it will only be valid for one PHICH indication, and correspondingly, the first retransmission will have to be receiving ACK/NACK through a new resource allocation. Alternative is to increase the PHICH resources in a manner corresponding to the maximum number of UL retransmissions. Another alternative to handle this is to introduce ‘blocking’ of CCEs already in use, but this will limit the scheduler flexibility, and should generally be avoided.
· Persistent allocations will not have an associated CCE index (as the PDCCH is not used for the persistent allocations), and thus the PHICH channels need be semi-statically assigend when the persistent allocation is granted. These PHICH resources need their own reserved channels in order not to interfere to the CCE based PHICH indices.

We find that these disadvantages will make the PHICH loose its general applicability, and consequently put extra load on the PDCCH for the dynamically scheduled retransmissions.
2.2 Indexing based on allocated uplink physical resources.

The other alternative is to make a mapping, which is based on the actual allocated physical resources (PRB index).  In this approach the lowest PRB index will map into a PHICH channel index. Compared to the first approach, the mapping is even simpler, and will require little book-keeping, as each UE will know its own resource allocation, and thereby the corresponding PHICH resource.
This solution presents the following advantages

· Very simple mapping mechanism between physical resource grant and PHICH index.

· Easy support for persistent allocations, as each persistent allocation still refers to physical resources.
And the disadvantages are:

· Unless compression techniques are utilized, the required amount of PHICH resources scaled directly with the number of PRBs, so a quite high number of PHICH resources might be needed.

· Multi-user UL MIMO allocations will refer to the same physical resources, and thereby to the same PHICH resources, which will cause a collision 

As we find the disadvantages of the first solution to be larger than the ones presented here, we hereby propose the following:

Proposal 1: The PHICH indexing and mapping should be based upon the allocated physical  uplink tranmission resources.
The disadvantages that are presented above will be addressed in the next section.

3 Suggestion for a PHICH indexing solution
In the suggested solution we have taken the starting point of which information that is available at the UE when it should calculate the number of PHICH channels (and thereby the number of PHICH groups). The information is:

· PHICH size – indicated on PBCH, indicated using 2 bits.
· PHICH duration – indicated on PBCH, indicated using 1 bit.
· Number of PRBs for UL transmission (potentially excluding the resources reserved for PUCCH to optimize the amount of resources reserved for PHICH). This can take the value from 6 to 100 depending on the used system bandwidth. We will denote this value by NPRB.
· Number of PHICH channels per PHICH group (defined in specifications to have a value of either 4 or 8). Will denoted by Ng
In the following we will use the term Xsize for the value of the PHICH size, which can basically take the values from 1 to 4. In order to overcome the first disadvantage of the PRB index association to the PHICH index we suggest that the actual amount of PHICH channels scales by the value of Xsize. Thus, the number of PHICH channels will be defined as:


NPHICH,c = ceil(NPRB / Xsize),

where the ceil operation rounds towards +infinity, and the number of PHICH groups as:



NPHICH,g = ceil(NPHICH,c / Ng)
Following this, the network operator has a way of adjusting the PHICH overhead by choosing/defining the value of Xsize. This principle is shown in Figure 1, where it is seen that by adjusting the value of Xsize for the 10 MHz case we can adjust the size of the PHICH. On the other hand, the compression will cause adjacent PRBs to refer to the same PHICH resource. Therefore we suggest to have a method similar to the one proposed in R1-073409, figure 1, where the cyclic shifts for the DMRS can be used to indicate an offset relative to the actual PHICH channel index. This is shown in Figure 2, where we have denoted the DMRS index as a PHICH index modifier.
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Figure 1 The principle of creating a relation between the uplink resource allocation and the corresponding downlink PHICH index. It should be noted that the numbers shown here are only indicative, as it might show feasible to have 24 PHICH channels over 25 PHICH channels, as PHICH resources are created in multiples of 8.
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Figure 2 Illustration of the principle of using a PHICH index modifier, which will give the option of performing a shift of the implicitly given PHICH index. This feature is useful when considering for instance multi-user MIMO or when having adjacent uplink allocations of varying sizes.

Following this, we propose that the PHICH index is calculated as:

PHICHindex = (floor(M/ Xsize) + PHICHmodifier) MOD NPHICH,c 
where M is the PRB index of the first allocated resource for UL transmission, and PHICHmodifier is the signalled value from the PDCCH (for instance cyclic shift for DMRS). To handle the boundary conditions, we suggest to add the modulo operation to make the modified index fit within the valid indices.
This leads to the following proposals:
Proposal 2: The PHICH size signalled on the PBCH indicates the grouping factor, such that it is possible to calculate the number of groups from this value and the system bandwidth.
Proposal 3: There should be a field in the uplink allocations, which can be used as a PHICH index modifier to allow for small adjacent allocations.
3.1 Handling MU-MIMO

To illustrate the usage of this PHICH index modifier further, let’s take the example of multi-user MIMO in uplink, where two users might be assigned to the same physical resources, and thereby potentially to the same PHICH index. This situation is shown in Figure 3, where it is seen that we have used the PHICH index modifier to assign different PHICH channels to the two allocated users. This comes as a natural consequence from each of the MU-MIMO UEs using its own cyclic shift DMRS. The exact mapping between the cyclic shift of the DMRS and the PHICH index modifier should be FFS, while the focus should still be on getting near-optimum performance of MU-MIMO.
For the case where the UE is not configured to use MU-MIMO, we could use higher layer signalling to enforce a specific interpretation of the cyclic shift for DMRS, thus allowing for maximum flexibility in terms of using the PHICH index modifier.
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Figure 3 Special allocation case, where we have multiple user MIMO in uplink, and thus have two users sharing the same physical resources. In this case we suggest to use the PHICH modifier option to shift a users allocation to a free PHICH resource.

3.2 Handling persistent UL allocations

When the PHICH index is tied to the allocated resources, the persistent allocations will not have problems either, as the UE would be configured to have a constant PHICH index modifier, which comes from the initial allocation. Considering the case where we have non-adaptive H-ARQ the retransmissions will use the same physical resources and thereby the same PHICH index. In case a collision occurs, such that the retransmission for persistently allocated user needs some other resources, we could use dynamic scheduling of retransmisison, and the UE would temporarily be assigned other PHICH resources according to the new retransmission resources.
3.3 Grouping mapping and order

Having shortly described the thinking behind this, we also need to have a way of mapping the PHICH index into the PHICH groups. This can be done in two ways:
3.3.1. Adjacent grouping

In this way of implementation, the PHICH group number is calculated as:PHICHG = ceil(PHICHindex/Ng), and the corresponding local index as: PHICHindex, local  = PHICHindex - Ng * PHICHG. In this way, each PHICH group will represent a contiguous amount of uplink resources, and the local index will indicate the offset into the shared resources. For this configuration, a large uplink allocation will create the situation of only one PHICH channel in one group being allocated, which might not be attractive from a PHICH load balancing point of view.
3.3.2. Scattered grouping

In this way of implementation, the PHICH local index as: PHICHindex, local  = ceil(PHICHindex/ NPHICH,g), and the corresponding PHICH group number is calculated as:PHICHG =PHICHindex - NPHICH,g * PHICHindex, local. In this way, adjacent PHICH index will be placed in different groups, and if the uplink resource allocations are scattered in position and width, the load on each PHICH group will be more balanced.
3.3.3. Discussion

Based on the above options, we hereby suggest to investigate the mappings further before making decisions on this issue:
Proposal 4: The exact mapping between PHICH index and PHICH group and corresponding local index should be investigated further.

4 Conclusions
Following the discussion above, we recommend that the following proposals are accepted and incorporated in the relevant specifications:
Proposal 1: The PHICH indexing and mapping should be based upon the allocated physical  uplink tranmission resources.
Proposal 2: The PHICH size signalled on the PBCH indicates the grouping factor, such that it is possible to calculate the number of groups from this value and the system bandwidth.
Proposal 3: There should be a field in the uplink allocations, which can be used as a PHICH index modifier to allow for small adjacent allocations.

Proposal 4: The exact mapping between PHICH index and PHICH group and corresponding local index should be investigated further.
Further, we find that this solution presented for FDD mode will easily be translated into also supporting TDD mode.
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