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1 Introduction

In TDD system, eNodeB/UE can only transmit or receive alternatively, hence the uplink scheduling grant have to be sent in downlink subframe(s) before DL->UL switching point, that is to say, one field of allocated uplink subframe indication will be required in the uplink grant to inform UE which subframes are allocated for the UE to transmit uplink data.
It has been agreed since long time ago synchronized HARQ (S-HARQ) will be used for uplink data transmission. In S-HARQ, once UL resource (subframe indication & RB indication) is allocated for a UE by eNodeB for initial transmission, some amount of resource in the subframe after fixed timing interval will be reserved for the same UE for retransmissions. For example, if UE is allocated resource in the kth uplink subframe in an uplink period, the UE will use the kth uplink subframe in later uplink period for retransmission too. But for the frequency resource in each retransmission, it may be the same as last transmission/retransmission (UL LFDMA), or hopped to some different frequency area according to some predefined manner (UL LFDMA+hopping). 

The above S-HARQ operation works well for both LTE FDD and LTE TDD. In case of LTE TDD, some further enhancements on the S-HARQ operation are possible thanks to the property of TDD frame structure. Alternative TDD frame structure is used in the following discussion, and the same method can also be used in generic TDD frame structure.
2  Scheduling in TDD system
Figure 1 is the alternative TDD frame structure [1]. Each radio frame consists of two half-frames of length 5ms each. The structure of each half-frame in a radio frame is identical. Each half-frame consists of seven slots, numbered from 0 to 6, and three special fields, DwPTS, GP, and UpPTS. A subframe is defined as one slot where subframe 
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 consists of slot (TS)
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. Subframe #0 and DwPTS are always reserved for downlink transmission.  UpPTS and subframe #1 are always reserved for uplink transmission. Hence if only one UL->DL switching point will be configured in the half-frame, there are 6 possible positions for the UL->DL switching point. 

In the following description, UL->DL switching point after subframe #3 is assumed, hence there are 4 DL subframes and 3 UL subframes in a half-frame. The discussed method is also applicable for other position of UL-> DL switching point. 
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Figure 1: Alternative TDD frame structure
It is the property of TDD duplex method that eNodeB/UE cannot transmit and receive simultaneously. As shown in Figure 2, for the period masked as uplink (U0~U2), only uplink transmission is possible; while for the period masked as downlink (D0~D3), only downlink transmission is possible. Some observations on the operation of uplink scheduled UE are:

· Uplink scheduling instructions for the UEs in all 3 uplink subframes have to be available before subframe U0, or in the other words, no further uplink scheduling instruction can be signaled in the period of uplink subframes (U0~U2);
· Only the uplink channel sounding results of the last and even earlier uplink period can be used for the uplink resource scheduling in current uplink period;
· For the UEs scheduled in subframe U0~U2, corresponding ACK/NACK information will be transmitted in later downlink subframes (D0~D3), that is to say, eNodeB cannot perform any downlink operation by the end of the uplink period (plus some processing time);
Based on above observations, it is of no much difference that which uplink subframe(s) is used by the UE for uplink data transmission if only the eNodeB/UE processing time is satisfied.
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Figure 2: Transmission in TDD system
3 Logical uplink subframe indication
Based on the observation in section 2, we can define uplink subframe indication in uplink grant as a kind of logical information, e.g. a bitmap is used to indicate the logical subframe index(es) allocated for a UE, and then each logical subframe index is mapped to physical uplink subframe index. Such mapping rule is changed for each transmission/retransmission in a cell specific manner. With such a configuration, there is slight difference compared with traditional S-HARQ for uplink HARQ operation, since the used uplink subframe for retransmissions may have no fixed timing relation. By adopting such cell-specific mapping for logical indication to physical subframe index(es), inter-cell interference randomization is realized, which is beneficial especially for UL LFDMA channel using S-HARQ. 

Figure 3 shows an example for the operation of modified S-HARQ operation. The cell-specific logical indication to physical subframe index(es) mapping are defined by following iteration method: 

· Allocated physical uplink subframe(s) is obtained directly by the logical subframe indication, denoted as 
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 time of transmission/retransmision is indexed as 
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 is the physical uplink subframe(s) used in 
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transmission/retransmission, k is a number related to the cell specific mapping, k=0,1,2, K=3 in Figure 3. 
In Figure 3, the mapping with k=0 is used in cell 1, the mapping with k=1 is used in cell 2, the mapping with k=2 is used in cell 3. For simplicity, logical indication to physical subframe index(es) mapping for only one UE is shown in each cell, and the 3 UEs are assumed to be allocated the same frequency resource for easily seeing the inter-cell interference randomization effect. In Figure 3, the same logical subframe indication is used in the uplink grant for the UE in each cell, but the UE will get physical subframe index based on the logical indication in a cell specific manner. 
· For the UE in cell 1, physical uplink subframe with the same index (U0) is used in each S-HARQ retransmission;
· For the UE in cell 2, the used physical uplink subframe in each transmission/retransmission is U0, U1, U2;

· For the UE in cell 3, the used physical uplink subframe in each transmission/retransmission is U0, U2, U1;

So, it is obvious that in the cycle of 3 uplink period, the 3 UEs are only mutually interfered one time, interference are coming from other UEs in the other two times, that is to say that interference undergone by the 3 UEs are randomized.
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(a) S-HARQ time domain hopping pattern of cell 1

(b) S-HARQ time domain hopping pattern of cell 2

(c) S-HARQ time domain hopping pattern of cell 2
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Figure 3: Cell-specific uplink subframe hopping pattern in S-HARQ
4 Conclusion 
In this contribution, we provide a logical definition of the subframe indication field in uplink grant for LTE TDD system, which has the benefit especially for UL LFDMA channel using S-HARQ. 
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