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Introduction

In some cases of TDD, a user must be allocated one or more uplink (UL) subframes within the same downlink (DL) subframe on the PDCCH. For the harmonized frame structure [3] this is true for the case when there are 2 downlink subframes (including the special subframe that is assumed to carry a PDCCH) and 3 uplink subframes, e.g. UL/DL>1. In this contribution, we discuss different multi-TTI UL scheduling methods and the impact on the HARQ and control signaling.
Definition of multi-TTI UL scheduling
Multi-TTI UL grant allocates multiple UL subframes to one UE with one single UL grant on the PDCCH. The specified physical resources and transmission parameters are applied equally to all the allocated subframes within the multi-TTI window (or bitmask). Related to HARQ, two fundamentally different methods have been discussed.

The first way is having separated multiple TTIs, where each UL subframes (and TTIs) are self-decodable with separate CRC check and HARQ signalling [2]. Only improvement of this method is PDCCH saving for the case when multi-TTI uplink scheduling is widely used. The link adaptation for each TTI (and thus each HARQ process) can be managed individually leading to the best overall transmission efficiency.
A second approach is TTI-bundling [1], where multiple successive TTIs are used for transmitting a single HARQ process, e.g. different redundancy versions are transmitted immediately without waiting for the ACK/NACK feedback. It is recommended in [1] to stay with the normal HARQ process pattern so that overlapping HARQ processes are idle until the multi-TTI transmission has been fully acknowledged. Main benefit of the method is a coverage gain for small packets due to a reduction of the overhead resulting from the normal L2 segmentation. A side-benefit of this method is a possible reduction in the PHICH overhead in downlink but since PHICH needs to be dimensioned according to worst-case multiplexing order such saving is hard to realize in practice.
With the harmonized frame structure there are no reasons for treating TDD differently from FDD compared to the uplink data coverage. Hence, if a method similar to what is proposed in [1] is adopted generally it needs to be designed in conjunction with the specific multi-TTI scheduling needed in TDD mode when UL>DL. Before convincing gains have been shown for the method presented in [1] and decision to support has been made, we do not consider the general idea of TTI bundling in uplink in the following.
Impact of multi-TTI scheduling on control signaling 
UL grant

Both duration and bitmap indication method can be used for multi-TTI UL grant to save PDCCH overhead. Though the duration indication method can work well for the fixed TTI-bundling case, in case of separate multiple TTIs, it has a problem when considering HARQ retransmissions and that time/frequency resources may be fragmented. This problem becomes more significant when low system bandwidths are considered [2]. Since it is better to use same length of UL grant for both TTI-bundling and separate multiple TTIs, we propose to consider the use of bitmap indication for UL multi-TTI grants provided that the decided maximum multi-TTI window is greater than 2 subframes. However, the tradeoff among PDCCH multi-TTI signalling overhead and anticipated PDCCH saving needs to be considered.
PHICH resource mapping

One special consideration relates to PHICH mapping of ACK/NACK for the case of multi-TTI scheduling. In the case of synchronized non-adaptive HARQ, PHICH resource should be reserved for each UL grant. In the following we consider synchronized non-adaptive HARQ to see the requirement for PHICH resource mapping.
It has been discussed in [5] how there are two methods for mapping ACK/NACK to the PHICH channel. It has been discussed there that the method presented in [4] is very attractive for multi-TTI signalling and also has some inherent advantages for FDD mode. With this method, the ACK/NACK on the PHICH is defined by the physical resources used for transmission in the corresponding uplink subframe. As such allocation remains the same over successive TTIs that are scheduled together (or even collected in TTI bundle), the mapping of ACK/NACK resources is consistent for both single-TTI and multi-TTI allocation schemes. Hence, this is the baseline method proposed for standardization for both LTE FDD and TDD. 

However, as an alternative it has been discussed that the mapping of ACK/NACK resources to the PHICH would depend on the allocation in a PDCCH, in which case the PHICH resource mapping for separate multi-TTI scheduling becomes more complex.

The reserved PHICH resource for each multi-TTI UL scheduling grant depends on the maximum number of UL TTIs allowed to be allocated to one UE;. The maximum number of UL TTIs allowed to be allocated to one UE should be determined by the DL/UL configuration and the processing time limit (for harmonized frame structure, only the 2DL+3UL configuration is currently applicable).

For the TDD with 2 DL in one period, the UL can be divided into 2 groups, let the UL grant for the ith group sent in the ith DL; The grouping should take into account the processing time delay; Figure 1 gives 2 examples (Grouping method A and B) for such grouping in DL/UL=2/3 configuration. 
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Figure 1. UL grouping for the UL scheduling grants in the 2DL+3UL configuration.
The UL grouping method determines the number of bits for TTI indication in multi-TTI scheduling grants and the corresponding PHICH resource mapping; Figure 2 shows the example of CCE to PHICH resource mapping assuming UL grouping method A and B respectively. If UL grouping method A is used, then 3-bits TTI indication will be needed in UL grants in both DL1 and DL2 and 3 PHICH will be reserved for each UL grant though some Ue will be allocated one or two TTIs. This causes a longer HARQ RTT than method B where no TTI indication is needed in UL scheduling grant for UL group1 and 1 PHICH is reserved for each UL grant in DL1; 2-bits TTI indication is needed in UL scheduling grant for UL group 2 and 2 PHICH reserved for each UL grant in DL2 though some UE can be allocated 1 TTI.
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Figure 2. Example of CCE to PHICH resource mapping assuming UL grouping methods A and B respectively
As shown in Figure 2, if allow single-TTI scheduling grant and multi-TTI UL scheduling grant to coexist in the same DL subframe and reserve the PHICH resource according to the maximum number of TTIs allowed to be allocated to the UE, there will be waste of the PHICH resource since some UE can be allocated only single TTI and thus only 1 PHICH resource is needed; To reduce the PHICH overhead, it should be considered to have 2 CCE to PHICH resource mapping strategies defined, one for single-TTI allocation and one for multi-TTI allocation. 

Conclusions

In this contribution we discussed multi-TTI scheduling for TDD UL and the related impact on HARQ and control signalling. 

1. If TTI bundling is adopted for LTE FDD and TDD, its design should be considered in conjunction with that of multi-TTI scheduling for LTE TDD. 
2. Bit-map should be used for TTI indication in multi-TTI scheduling grants when multi-TTI window is large and there is large risk of fragmentation due to single-TTI allocations and their retransmissions;

3. To adopt a mapping strategy where the ACK/NACK on PHICH mapping is determined by the physical resource allocation for uplink transmission is very attractive for a consistent multi-TTI scheduling design.

4. For the case, when ACK/NACK to PHICH mapping is determined by the UL scheduling grant format, it is convenient to divide the UL into multiple groups. An exact design for the 2DL+3UL configuration has been shown. If both dynamic and synchronized non-adaptive HARQ is allowed, the UL grants should be divided into 2 parts and PHICH resource is reserved only for the UL grant part for UE with synchronized HARQ.

If the allocation window is so large that simultaneous single-TTI and multi-TTI allocation is possible for the same user, 2 CCE to PHICH resource mapping should be defined to save signaling overhead.
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