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1 Introduction
In this contribution, we would like to provide our view on how to map the PHICH structure to multi-TTI uplink allocations in LTE TDD [2]. We only consider PHICH mapping for the case when there are more uplink subframes than PDCCH instances. From the current DL:UL configurations [4] the only applicable configuration is 1DL:3UL. When the number of downlink subframes is larger than (or equal to) the number of uplink subframes, TDD will use the same mapping rule as FDD [1].  

We also consider in conjunction with this special DL/UL configuration, the proposal for having multi-TTI uplink scheduling grants as discussed in [2]. To ensure consistent mapping of multi-TTI allocations in the ACK/NACK sense, it is proposed that a PHICH mapping scheme based on the physical resources allocation is adopted, as in [1]. This approach will directly map the lowest PRB index into a PHICH channel index thus requiring little book-keeping, as each UE will know its own resource allocation, and thereby the corresponding PHICH resource. Also persistent allocations are easily supported, as each persistent allocation still refers to physical resources. The disadvantage is the quite high number of PHICH resources because the required amount of PHICH resources scales directly with the number of PRBs. 
The multi-TTI UL scheduling is primarily needed when there is a significant amount of users in the cell and the capacity of the PDCCH becomes a limitation. In this contribution we assume that the maximum uplink multi-TTI scheduling window is limited to 2 TTIs since the gain of going to 2-TTI scheduling dominates the gain of continuing with 3-TTI and 4-TTI schemes [2]. The presented PHICH resource mapping is, however, applicable for any number of TTIs. We also propose that the PHICH mapping concept should be designed to distribute the load of uplink single-TTI and multi-TTI grants evenly across available PDCCHs, in order not to be limited by PDCCH resource limits [2]. 
2 PHICH resource mapping for multi-TTI uplink

The PHICH resource mapping should be designed to distribute the load of uplink single-TTI and multi-TTI grants evenly across available PDCCHs [2]. This means that all DL subframes should support both single-TTI and multi-TTI transmission. In the following we will use the 1DL:3UL configuration to illustrate the PHICH resource mapping for multi-TTI transmission. Note that 1DL:3UL does really mean 2 PDCCH instances per 3 UL subframes since DwPTS includes the PDCCH/PHICH although there may not be room for other DL data [3], as an illustration see Figure 1 below. 
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Figure 1: Illustration of the simplest possible uplink multi-TTI scheduling idea (2ms UE UL processing time considered although these are still FSS for TDD mode). [5]
Figure 2 shows an illustration of PHICH resource mapping for single-TTI and multi-TTI transmission, where the DL (subframe) #1 indicates the PDCCH/PHICH contents for the UL (subframe) #1 and UL (subframe) #2 and, respectively, the DL #2 indicates the PDCCH/PHICH for the UL #2 and UL #3. This concept follows directly from the uplink multi-TTI scheduling of Figure 1, where single-TTI (a or b) versus multi-TTI (a and b) transmission is indicated via a 2 bit table [2]. 

The number of PHICH channels per a DL subframe must be defined according to the multi-TTI case. In a 5 MHz system both DL #1 (UL1+UL2) and DL #2 (UL2+UL3) must handle PHICH assignments over 25 + 25 = 50 PRBs. In Figure 2 the PHICH resources are presented in multiples of 8 for the simplicity of illustration but also because the amount of PHICH resources can be further optimized by excluding the resources reserved for PUCCH. 

In multi(=2)-TTI transmission a single scheduling grant (SG) is sufficient for all TTIs, which reduces the PDCCH load. However, each multi-TTI uplink transmission requires its own ACK/NACK resource. In the first example case of Figure 2, UE-1 is a 2-TTI user that requires 16 (=8*2) RBs. UE-1 reads its ACK/NACK from PHICH {1} for the UL #1 and from PHICH {2} for the UL #2. The DL #1 carries SG for both TTIs. In the second example, UE-1 is now a group of 4 MU-MIMO users with the same 2-TTI allocation of 16 RBs. Their PHICH is separated by PHICHmodifier, e.g, from the DM RS cyclic shift index of an uplink SG. The MU-MIMO users read their ACK/NACK from the PHICHs {1,3,5,7} for the UL #1 and {2,4,6,8} for the UL #2. 

The presented PHICH indexing follows the "time first" mapping with PRB indexes. This is advantageous in the sense that the PHICHs of a multi-TTI user end up in the same group for both scheduled TTIs. This means that we get less penalty due to the similar power of PHICH indications, which might improve our PHICH performance. We further assume that it is up to the scheduler as well as specifications to avoid PHICH assignment ambiquity (between DL #1 and DL #2) with the UL subframe #2. There should not be any difficulty in that because the scheduler makes all assignments. The central element is that when two UL TTIs are associated to a single DL PHICH, the number of PHICH resources reserved should scale by a factor of two. In the case that a single UL TTI is addressed by a single DL PHICH, the resource assignments should be as for FDD. Further, it shoudl be noted that the principle illustrated in Figure 2 is only an example, and compression of the UL PRB to PHICH mapping as proposed in [1] should also be considered. 
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Figure 2: Illustration of PHICH resource indication of a 1DL:3UL configuration for single/multi-TTI transmission. The PHICH mapping equations are explained in detail in [1], where M is the PRB index of the first allocated UL resource, the term Xsize = {1, 2, 3, 4} determines the actual number of PHICH channels (defined by 2 bits on PBCH), and the number of PHICH channels per PHICH group is Ng = 8 [RAN1#51bis meeting]. 

2 Conclusions
We have presented a proposal how to extend the PHICH mapping of FDD [1] to multi-TTI transmission of LTE-TDD. We propose that the solution is discussed and accepted as the way forward. 
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