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1. Introduction
When there are more UL subframes than DL in LTE TDD, multiple UL subframes have to be scheduled by the UL grants in the same DL subframe, i.e. multi-TTI scheduling. In this contribution, the schemes of multi-TTI scheduling are discussed.
Comparably, the scheme as follow is preferred:

· UL grant in subframe#0：

· Include 4 kinds of UL grant: {#4, #7 , #8}, {#4, #7}, (#4, #8), {#4};
· UL grant in DwPTS：

· Include 3 kinds of UL grant: {#7, #8}, {#7}, {#8}.
2. Discussion
First, we propose that the multi-TTI scheduling is adopted only when there are more UL subframes than DL. If the UL subframes are no more than DL subframe, the one to one mapping relationship of UL grant to UL subframe can be constructed, no subframe index is needed to indicate in UL grant. 
For LTE TDD, the UL/DL configurations followed have been agreed in RAN1#51b:
· 5ms period: 1DL+DwPTS:3UL, 2DL+DwPTS:2UL, 3DL+DwPTS:1UL

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

Since the DwPTS can carry DL control signaling as same as the general DL subframe, the only configuration with more UL subframes than DL subframes is the configuration of 1DL+DwPTS:3UL, so, the multi-TTI scheduling scheme in this contribution is designed for 1DL:3UL only. 
· The multi-TTI scheduling scheme

For 1DL+DwPTS:3UL case, the UL grants in subframe#0 and DwPTS should schedule UL transmissions in the UL subframe#2, #3 and #4. 

· Scheme 1

The UL grants in subframe#0 and DwPTS schedule L UL subframes with 3 ms process delay individually, where L is the length of UL subframes window. There will be (
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) kinds of UL grants. If bitmap method is adopted to indicate the UL grants, L bits are needed.  To balance the overhead and reduce the complexity, the value of L equaled to 2 or 3 is more available.
The illustration of L=2 (scheme 1a) is shown as figure 1, where the UL grants in subframe#0 schedule 2 UL subframes  (#4 and #7) in the window of subframe#0, and the UL grants in DwPTS schedule 2 UL subframes  (#7 and #8) in the window of DwPTS. There are 
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 kinds of UL grants in subframe#0 and DwPTS. 2 bits need to be added in UL grants to indicate the subframe index.
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Figure 1. The scheme 1a (L=2)

The illustration of L=3 (scheme 1b) is shown as figure 2, where the UL grants in subframe#0 schedule 3 UL subframes (#4, #7 and #8) in the window of subframe#0; and the UL grants in DwPTS schedule 3 UL subframes (#7, #8 and #9) in the window of DwPTS. There are 
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 kinds of UL grants in subframe#0 and DwPTS. 3 bits need to be added in UL grants to indicate the subframe index.
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Figure 2. The scheme 1b (L=3)

The major merit of scheme 1a is its simplicity, but the scheme 1b can achieve more overhead saving for control signaling and more scheduling freedom. 
In our opinions,  scheduling 3-TTI in one UL grant needs to be supported in some scenarios. For example, when the system bandwidth is narrow, e.g. 1.4MHz, there are 72 sub-carriers in each OFDM symbol, except the resources that assigned to RS, PCFICH and PHICH, there will be only 4 CCEs (CCE=36 RE is assumed) which can carry PDCCH at most in subframe#0. For DwPTS, there will be 2 CCEs at most. And even no DL data transmission is assumed, some CCE have to be assigned to carry DL grants to schedule D-BCH and paging channel, etc. So, there will be few CCE left for UL grant. For 2-TTI scheduling, it is difficult to scheduling the UL subframes efficiently. Even if the bandwidth is large, when the allocation of 1DL:3UL is configured, there should be more UEs with heavy UL load. Triple-TTI scheduling is more suitable for such UEs to reduce the overhead of control signaling.
· Scheme 2
· In order to reduce the complexity of scheme ‘L=3’ and to support 3-TTI scheduling, a scheme ‘L=2.5’ is proposed as follow, which is shown in figure 3:
· UL grant in subframe#0：

· Include 4 kinds of UL grant: {#4, #7 , #8}, {#4, #7}, (#4, #8), {#4};
· UL grant in DwPTS：

· Include 3 kinds of UL grant: {#7, #8}, {#7}, {#8}.
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Figure 3. The scheme 2 (L=‘2.5’).
The mapping relation is constructed based on:

· Multi-TTI scheduling is adopted to achieve the PDCCH saving capability. 

· The UL grants are distributed evenly in subframe#0 and DwPTS.
· Balance the UL subframe number sets, which will provide enough freedom of scheduling and achieve majority  of the signaling saving: 
· Three 1-TTI scheduling
· Two 2-TTI scheduling
· One 3-TTI scheduling
· The delay is shortest.
Compared to the scheme 1b, some schedule patterns are excluded in the scheme 2, the complexity is reduced. Compared to the scheme 1a, the complexity of scheme 2 is similar. The major merit of scheme 2 is that it can schedule 3 UL subframes in one UL grant signaling, which is helpful for DL control signaling overhead saving. And more important, when the configuration of 1DL/3UL is constructed, there will more heavy UL transmission , to schedule 3 TTI will achieve more overhead saving in such scenarios. 
3. Conclusion
In this contribution, the multi-TTI scheduling scheme is discussed, and the scheme 2 (L=‘2.5’) is preferred, which is shown as follow:
· UL grant in subframe#0：

· Include 4 kinds of UL grant: {#4, #7 , #8}, {#4, #7}, (#4, #8), {#4};
· UL grant in DwPTS：

· Include 3 kinds of UL grant: {#7, #8}, {#7}, {#8}.
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