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1. Introduction
When there are more UL subframes than DL subframes in LTE TDD, multiple UL subframes have to be scheduled in one DL subframe, i.e. multi-TTI scheduling. In this contribution, three schemes of multi-TTI scheduling are proposed, and the pros and cons are analyzed.
Comparably, the scheme 2 as follow is preferred:

· UL grant in subframe#0：

· Include 3 kinds of UL grant: {4,2*,3*}, {4,2*}, {4};
· UL grant in DwPTS：

· Include 3 kinds of UL grant: {2*, 3*}, {2*}, {3*}.
2. Discussion
For LTE TDD, follow UL/DL allocation have been agreed in RAN1#51b:
· 5ms period: 1DL:3UL, 2DL:2UL, 3DL:1UL

· 10ms period: 6DL: 3UL, 7DL:2UL, 8DL:1UL,3DL:5UL.

DwPTS can carry DL control signaling as same as the general DL subframe, when there are more UL subframes than DL subframes. So, multi-TTI scheduling scheme in this contribution is designed for this configuration only, 1DL: 3UL. 
When the configuration is 1DL: 3UL, the subframe#0 and DwPTS in the special subframe can carry DL control signaling, i.e. the UL grants in subframe#0 and DwPTS should realize the schedule of 3 UL subframes. Three schemes are proposed as followed.
2.1. Scheme 1 
The UL grants in subframe#0 and DwPTS schedule 3 UL subframes with 3 ms process delay individually. As shown as figure 1, the UL grants in subframe#0 schedule 3 UL subframes in the window of sf#0, i.e. the subframe 4, 2*
,3*; the UL grants in DwPTS schedule 3 UL subframes in the window of DwPTS, i.e. the subframe 2*,3*,4*. There will be 7 kinds of UL grant in subframe#0: {4,2*,3*}, {4,2*,3*}, {4,2*}, {2*,3*}, {4,3*}, {4}, {2*}, {3*}. The scheme 1 can provide enough scheduling freedom, and 3 bits are needed to indicate the subframe index.
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Figure 1. the scheme 1
2.2. Scheme 2
The scheme 2 is shown as figure 2 and 3. The control window consists of subframe#0 and DwPTS, The data window consists of subframe#4, 2* and 3*. The UL grant in the control window schedules the UL subframes in the data window, the schedule relation is shown in figure 2. 
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Figure 2. The control window and data window definition for scheme 2
The exact mapping relation of UL grant and the UL data are as follow, which is shown in figure 3：

· UL grant in subframe#0：

· Include 3 kinds of UL grant: {4,2*,3*}, {4,2*}, {4};
· UL grant in DwPTS：

· Include 3 kinds of UL grant: {2*,3*}, {2*}, {3*}.
The mapping relation is constructed based on:

· Multi-TTI scheduling is adopted to save the PDCCH resources. 

· The UL grant signalings are distributed evenly in subframe#0 and DwPTS.
· Balance of UL subframe number sets, which will provide enough freedom of scheduling and achieve majority  on saving signaling: 
· Three single TTI scheduling
· Two double TTI scheduling
· One triple TTI scheduling
· The delay is the shortest.
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Figure 3. The mapping relation of UL grant and the data for scheme 2
In [1], a similar multi-TTI scheduling scheme is proposed. Compared to the scheme from [1], the only difference is that all the 3 UL subframes in the data window can be scheduled in one UL grant signaling in subframe#0. In our opinion, when the allocation of 1DL:3UL is configured, there will be more UEs which results heavy UL load.  Triple-TTI scheduling is more suitable to such UEs to reduce the overhead of control signaling.
2.3. Scheme 3
For scheme 1 and 2, some bits need to be added in UL grant, and the multi-TTI scheduling will cause complex HARQ process. Constructing a one to one mapping relation like the case of DL>UL seems a better choice. One example is shown in figure 4: the UL grants in subframe#0 schedules the UL transmission in subframe#4; the UL grants in DwPTS schedules the UL transmission in subframe#2* and subframe#3*. For the transmission in subframe#2* and 3*, there are two schemes can be adopted. 
· TTI bundling (figure 4 (a)): two coded block of the same data block are transmitted in the 2 subframes, and the coded block in each UL subframe can be decoded individually, joint decoding or detect iteratively which can get a better performance.  
· Different HARQ RV can be adopted for the two coded block.
· TTI combining (figure 4 (b)): one coded block is transmitted in the 2 subframes, and the coded block in each subframe can not be decoded individually, i.e. the subframe#2* and 3* are scheduled as a larger subframe of 2 ms.
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Figure 4. the scheme 3
The main advantage of scheme 3 is the simplicity. No bits are needed to add in UL grant and the commonality is kept. The shortage is that there may be some spectrum efficiency loss compared to scheme 1 and 2.
3. Conclusion
· In this contribution, three schemes of multi-TTI scheduling are proposed. Each scheme is based on different tradeoff of complexity and performance. Among them, the scheme 2 is more applicable, which is shown as follow:
· UL grant in subframe#0：

· Include 3 kinds of UL grant: {4,2*,3*}, {4,2*}, {4};
· UL grant in DwPTS：

· Include 3 kinds of UL grant: {2*,3*}, {2*}, {3*}.
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� Where the “*” means the UL subframe belongs to the next half frame.
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