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1. Introduction
In LTE TDD mode operation, special care is needed for control signaling structure design because of the possible asymmetric DL/UL subframe allocation [1][2][3]. In this paper, we discuss basic aspects about DL/UL control signaling structure for generic LTE TDD format.
2. UL control signaling
In this section we mainly consider ACK/NACK signaling transmitted in UL subframes.
Main issues on UL control signaling occurs when UL subframes are less than DL subframes in a radio frame. Since one of the major benefits from TDD operation is asymmetric DL/UL resource allocation, we believe sufficient level of asymmetry should be guaranteed. 8 DL subframes and 2 UL subframes seem to be a appropriate configuration for extreme DL-oriented case since at least one UL subframe is required to carry UL control messages and one additional UL subframe may have to be considered for UL L1/L2 control signaling.

We consider three options for UL subframe positions in a 10ms radio frame as follows. Figure 1 illustrates those options in case of 8:2 DL/UL subframe configuration.

· Option (a): Single DL-UL switching point in a subframe 
· Option (a)-1: All UL control signals are transmitted in one UL subframe in a radio frame

· Option (a)-2: UL control signals are evenly distributed over UL subframes in a radio frame

With option (a), HARQ retransmission delay can be very large if DL data to UL ACK/NACK delay cannot be reduced within 1 subframe. Moreover there is no big difference at the view point of HARQ delay between option (a)-1 and (a)-2 (assuming, for example, minimum DL data to UL ACK/NACK transmission delay is 3 subframes and minimum ACK/NACK to retransmission delay is 1 subframe, maximum retransmission delay is 14 subframes in both option (a)-1 and option (a)-2 as shown in figure 1). However, if we should make choice between option (a)-1 and option (a)-2, option (a)-1 is more preferable since UL control channel format in the UL subframes can be constant regardless of existence of UL transmission gap in option (a)-1.

· Option (b): Two DL-UL switching points in a subframe 

This option can guarantee even UL subframe distribution between two 5ms durations in a 10ms radio frame. As shown in figure 1, maximum HARQ retransmission delay can be reduced compared to option (a) (9 subframes in this example). However, DL/UL throughput loss due to the DL-UL switching gap is larger than option (a) since there are one more DL-UL switching gap. In addition, with option (b), UL control channel format in the UL subframes containing UL transmission gap may have to be different from general UL subframes.
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Figure 1.   DL/UL subframe allocation in case of extreme DL-oriented configuration

In any cases, ACK/NACK signaling in an UL subframe should be mapped to data from multiple DL subframes as shown in figure 1. We think it is desirable DL subframe to UL ACK/NACK mapping rule is predefined so that the mapping is implicitly decided by DL/UL subframe configuration.

As for extreme UL-oriented case, we think 4 DL subframes and 6 UL subframes in a radio frame are appropriate configuration since 2 DL subframes are already required for P/S-SCH and P-BCH transmission.
Figure 2 shows option (a)-1 and option (b) described above in case of extreme UL-oriented configuration. In this case, option (a)-1 also should have 2 DL-UL switching points due to the P/S-SCH transmission in 6th subframe. In addition, UL scheduling assignment in DL subframes can be more evenly distributed over DL subframes with option (b).
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Figure 2.   DL/UL subframe allocation in case of extreme UL-oriented configuration

3. DL control signaling
We consider DL/UL scheduling assignments and ACK/NACK for UL data as DL control signaling. There seem to be no major issue for DL control signaling when more DL subframes than UL subframes are configured in a radio frame, so, we consider the case of extreme UL-oriented configuration here. 

· UL scheduling assignments in DL subframes
When more UL subframes than DL subframes are configured in a radio frame, UL scheduling assignments in a DL subframe should be mapped to multiple UL subframes as shown in figure 3. Therefore, UEs should be informed of which UL subframe a scheduling assignment corresponds to. We consider following two options.
· Option (a): Implicit PDCCH resource to UL subframe mapping
· Option (b): Explicit UL subframe indication in UL scheduling assignment information

With option (a), large amount of PDCCHs should be pre-reserved in a DL subframe to distinguish corresponding UL subframes, so we prefer option (b).
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Figure 3.   UL scheduling assignments to UL subframe mapping
· ACK/NACK for UL data
When more UL subframes than DL subframes are configured in a radio frame, ACK/NACK signals in a DL subframe should be mapped to data transmission in multiple UL subframes. To simplify the DL ACK/NAK allocation, we think it is desirable UL subframe to DL ACK/NACK mapping rule is predefined so that DL ACK/NACK mapping is implicitly decided by DL/UL subframe configuration. However, it can be considered including ACK/NACK position information in each UL scheduling assignment explicitly if it’s acceptable in the view point of payload size of UL scheduling assignment. 
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Figure 4.   UL data to ACK/NACK mapping
4. Extended TTI
During the study item phase of LTE, multiple TTI operation is excluded because of the complexity and packet delay issues. However, we may reconsider multiple TTI option in LTE TDD mode since it can reduce control signaling in both UL and DL, which can be useful for the case of asymmetric DL/UL resource allocation. Multiple TTI data transmission in DL can reduce the amount of ACK/NACK transmission in an UL subframe in such case of DL extreme allocation. Similarly, multiple TTI data transmission in UL can reduce the amount of UL scheduling command and ACK/NACK transmission in a DL subframe in such case of UL extreme allocation.
5. Conclusions
In this paper, we discussed DL/UL subframe configuration and control signaling to subframe mapping options especially considering asymmetric DL/UL resource allocation in a generic LTE TDD mode. We suggest discussion on those issues to make progress in control signaling design for LTE TDD mode.
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