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1 Introduction
In this contribution, we will discuss the mapping/dimensioning of PHICH resources for different TDD configurations. Especially for the case of multi-TTI uplink allocations in LTE TDD [1], we see a need to handle multiple PHICH resources, as the number of UL subframes that needs ACK/NACK information is larger than the amoung of DL subframes for transmitting this. In FDD the PHICH mapping scheme is based on the physical resources allocation [3] that ensures consistent mapping of multi-TTI allocations in the ACK/NACK sense. The basis for this contribution is the UL HARQ timing contribution [2] that discusses the optimization of H-ARQ related parameters for different TDD mode configurations. In this contribution we will discuss the actual physical mapping from the HARQ timing to the set(s) of PHICH groups. As discussed in [2], it is seen that most of the TDD configurations will provide/require a time-varying number of sets of PHICH groups. For the subframes where the needed number of sets of PHICH groups is either 0 or 1, we propose to use a mapping scheme that follows the FDD mode, while in this contribution we will also address the special situation where we need 2 sets of PHICH groups for some subframes, and 1 set of PHICH groups for other subframes.
2 
PHICH resource mapping for multi-TTI uplink

In this contribution we will discuss the physical mapping from the HARQ timing to the set(s) of PHICH groups. A proposal for the timing relation between grants and associated PHICH for the different TDD configurations is presented in [2]. As can be seen from [2], the H-ARQ timing varies significantly depending on the TDD mode configuration. From a resource utilization point of view, the H-ARQ timing solution presented in [2] will allow for reserving resources for PHICH only for the cases where the PHICH groups are actually needed. This gives a direct argumentation for defining the PHICH set sizes of {0, 1, 2}, which enables a very simple mapping method of PHICH groups. Our main assumption here has been that FDD commonality is assumed such that the UE can extract the number of PHICH groups from the MIB information on the PBCH. Given this information, and the UL/DL configurations, the number of PHICH groups should just be multiplied by the PHICH set number to know the actual number of PHICH groups needed. In contrast to FDD, PHICH resources should only be reserved when there is a need for indicating ACK/NACK to uplink users [2].

Figure 1 illustrates the PHICH resource mapping of a 1DL:1ST:3UL configuration at 5 MHz (NPRB = 25), where the DL (subframe) #n indicates the PHICH resources for the UL #(n-) and the UL #(n-), respectively, and the special time slot ST #(n+1) indicates the PHICH resources for the UL #(n-) (see [2] for more details about the timing diagram of UL HARQ). In the case of 2 PHICH sets, the first half of PHICHs refer to the first UL transmission and the other half of PHICHs to the second UL transmission. This way we have a consistent and very simple mapping for the PHICH, and any scheduled UE should be able to determine its PHICH group set from its scheduled uplink transmission resources as well as the the H-ARQ timing. In 2-TTI transmission a single grant is sufficient for both TTIs, which reduces the PDCCH load, however, each 2-TTI uplink transmission will require two independent ACK/NACK resources. In a 1DL:1ST:3UL configuration, the PHICHs of a 2-TTI user do not typically end up to the same DL/ST subframe. 

Based on the UL HARQ timing diagrams of [2], it can be generally stated that multi(=2)-TTI grants and two sets of PHICH groups are required when there is a shortage of PDCCH resources. This only happens at the moment in a 1DL:1ST:3UL configuration (TDD configuration mode 0). Note that 1DL:1ST:3UL is also included in the second portion of a 2DL:1ST:2UL:1DL:1ST:3UL configuration (TDD configuration mode 6), but as the control capacity in the special time slot is limited [5], we do not support 2-TTI grants and 2 PHICH sets there. When the number of DPCCH instances is larger than (or equal to) the number of uplink subframes, TDD will use the same mapping rule as FDD [3].

It can be noted from Figure 1 that PHICH mapping with maximum value of PHICH groups [3] results in more than double the amount of PHICHs required for pointing all PRB resources of a single UL transmission. In principle the additional PHICH resources would allow a single PHICH group to be used in all PDCCH instances. However, we propose the same performance criteria/requirement for PHICH indication in TDD and FDD, as putting too many PHICHs into the same PHICH group might result in a performance penalty [4]. Also in the proposed PHICH mapping, FDD and TDD apply the same PHICH indexing when using MU-MIMO with DMRS CS indexes. This is not the case when using a single PHICH group in all PDCCH instances. 
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Figure 1: Illustration of PHICH resource indication for a 1DL:1ST:3UL configuration at 5 MHz (NPRB = 25). The UL HARQ timing diagram of the configuration can be found in [2]. The PHICH mapping equations are explained in detail in [3], where Index1st-PRB is the PRB index of the first allocated UL resource and Ngroup is the number or PHICH groups. 

3
Conclusions
We have presented a proposal how to extend the PHICH mapping of FDD [3] to multi-TTI transmission of LTE-TDD. We propose that the solution is discussed and accepted as the way forward. 
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