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1. Introduction
In the RAN1 50# meeting, a few bits are added in UL scheduling grant to support multiple sub-frames scheduling for TDD system [1]. But the details are still FFS. 
In this paper, this issue is discussed. And it is found that there are two interpretations for the sub-frame index: multiple sub-frames scheduling and single sub-frame scheduling. Both have some problems, which are shown as follow:
· Alternative 1: multiple sub-frames scheduling
· Multiple sub-frames scheduling can not reduce control signaling overhead dramatically
· Multiple sub-frames scheduling will cause complex HARQ patterns
· Increasing overhead & complexity to PDCCH
· Alternative  2: single sub-frame scheduling
· There may be multiple PDCCH for one UE in one DL sub-frame, which will increase the complexity of blind detection.
So how many bits will be added in sub-frame index and how to interpret should be decided carefully. 
2. Discussion
For LTE TDD, the sub-frame indexes must be added in UL grant for UL oriented case since the one to one mapping relationship can not be obtained. There are two interpretations for the sub-frame index: multiple sub-frames scheduling and single sub-frame scheduling. Both have some problems to be solved.
2.1. The problems of multiple sub-frames scheduling schemes
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Fig.1 (a)  The 3 UEs are multiple sub-frames scheduled.
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Fig.1 (b) The 3 UEs are single sub-frame scheduled.

Multiple sub-frames scheduling will provide more flexible for scheduler.  There is a tradeoff between the efficiency and flexibility. The initial idea of multiple sub-frames scheduling is to reduce the overhead of UL grant signaling. But we found that it can not be reduced dramatically. One example is shown in fig. 1. The fig.1 (a) is just to expand the data on time domain instead of frequency domain compared to fig.1 (b). In both cases, 3 UL grant signalings are needed for multiple sub-frames scheduling and single sub-frame scheduling. 
And there are several problems to be solved for multiple sub-frames scheduling: 
· Increasing overhead & complexity to PDCCH 

· For multiple sub-frames scheduling, the resource block assignment should be same for multiple sub-frames, otherwise there will be multiple resource block assignment, TPC command and transport format in the UL grant. But the retransmission sequence number must be multiple to insure the HARQ process.

· Multiple sub-frames scheduling will cause complex HARQ patterns
· One HARQ process for the multiple data blocks. When one block is error, all blocks should retransmit. The performance of HARQ is worsened.
· One HARQ process for one data blocks. Multiple HARQ process IDs will map to one PDCCH, i.e. there should be multiple A/Ns resource (PHICH) should be kept for one PDCCH. How to mapping PHICH to the PDCCH is a problem. And another problem is that the size of retransmit data blocks is determined in first transmission,  so it is difficult to combine with other new data in one UL grant, but to restrict the size of the new data block equaling to the size of retransmit data blocks. One example is shown in fig.2
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Fig.2 (a) The 3 data blocks of one UE are multiple sub-frames scheduled by one PDCCH
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Fig.2 (b) When the ‘data1’ is error and retransmitted, and there is a data block ‘data4’ will transmit in same UL period. 
As shown as fig.2 (b), if the size of ‘data4’ is not equal to the size of ‘data1’, the two transmissions can not be scheduled in one PDCCH, since the resource block assignments are different.
2.2. The schemes of single sub-frame scheduling
The other interpretation is the sub-frame index is just indicated one sub-frame, i.e. only single TTI scheduling support. The problems of multiple sub-frames scheduling can be avoided in this single sub-frame scheduling. The only problem of the single sub-frame scheduling is that there may be multiple UL grant signaling in one sub-frame for one UE, which will increase the complexity of blind detection of PDCCH.  In multiple sub-frames scheduling schemes, there are only one UL grant for one UE, the detection can be stopped when the UE have detected one UL grant which is belonged to him. But in single sub-frame scheduling scheme, the UE can not stop before an ergodic detection.
3. Conclusion
The index of sub-frame in UL grant is discussed in this contribution. The problems of multiple TTI scheduling and single TTI scheduling are analysed. Comparatively, single sub-frame scheduling is more acceptable. And with the addition of sub-frame index in UL grant, the overhead of control signalling is not reduced obviously. For UL oriented case of LTE TDD, the scheme is the same as FDD: only the first 3 OS of DL sub-frame kept for PDCCH may become a bottle neck of throughput. So we propose to expand the PDCCH region for LTE TDD, four OFDM symbols should be permitted at least.
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