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Introduction

Although the time duplexing and frequency duplexing is similar in many ways there are some specific issues related to time duplex. One such area is the HARQ scheme where the difference is that due to the time duplexing an acknowledgement message cannot be sent immediately. In this contribution we highlight some of these issues. 

We also suggest some working assumptions that can be used when using simulations to evaluate the link performance of TDD systems.

Issues in TDD

One of the issues with TDD is that when a transport block has been received there may not immediately be an opportunity to transmit an ACK or NACK. In case the transport block was damaged there may be an additional wait to retransmit the data. The issue is further complicated by the fact that the delay is dependent on the asymmetry factor.

This has an impact on the required number of HARQ processes to keep the channel fully occupied and there is also an impact on the delay.
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Figure 1. Illustration of TDD frame structure 1

Figure 1 illustrates a link using frame structure 1. We assume that the total propagation and processing delay is maximum 3 ms. We look at a transport block sent in subframe 1 of frame 1. For some reason the transport block is damaged and the UE should send a NACK. With the assumption of 3 ms propagation and processing delay the earliest instance the UE could have sent the NACK would be in subframe 5 (3 ms delay corresponds to 3 subframes). However subframe 5 is assigned to the DL and the UE has to wait until subframe 8 before it is possible to transmit the NACK.
Again assuming a processing delay of 3 ms the earliest instance when the eNodeB can retransmit the transport block is in subframe 2 of frame 2. In this case the subframe is allocated to the correct direction (downlink) and the eNodeB retransmits the transport block.

In the above example it is easy to realize the ACK and NACK transmissions are more likely to end up in slot 3 and 8. Since these slots follow the DL to UL switch all the ACKs and NACKs that become “ready” during the downlink period will be transmitted here. For the same reason retransmissions are more likely to end up in slot 0 and slot 5. Depending on the assumptions about how scheduling and prioritization is done the delays for the various HARQ processes will differ. In addition the UL/DL ratio and which slots that are allocated to which link will affect the behavior.
Finally it should be noted that some OFDM symbols at the end of the last downlink frame before the switching point can be removed to create a guard period and avoid the overlap.
The behavior is the same for frame structure 2. However since the design of frame structure 2 differs the exact details will also be different. An example of frame structure is given in figure 2. 
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Figure 2. Illustration of TDD frame structure 2
Suggested working assumptions

In this section we suggest a set of working assumptions that can be used when evaluating link performance for TDD systems.

For TDD type 1 we assume that the maximum propagation and processing delay to be 3 ms. That is three slots. For TDD type 2 we also suggest 3 ms which would roughly correspond to 4 slots. We ignore the effects of the gap and only count slots.
The subframe allocation for type 1 should be 60% downlink and 40% uplink. Subframe 0,1,2,5,6 and 7 are allocated to the downlink. For frame structure 2 the current agreement is 3 downlink subframes and 4 uplink subframes. Subframe 0,5 and 6 are allocated to the downlink.

We assume that an unlimited amount of ACK and NACK messages can be transmitted in a subframe, for highly asymmetric channels this may be overly optimistic, but for more even allocations this assumption is reasonable. All ACK/NACK messages are correctly received.
We also assume that there are “enough” HARQ processes, i.e. a subframe is never left empty because there is no data available.

When more than one transport block should be transmitted in a subframe older data has priority. Thus the older transport block is transmitted first and then the newer transport block is transmitted in the next subframe. Again there may be a collision in the second subframe, if that is the case the same principle for prioritization should apply. This implicitly means that retransmitted data has higher priority than new data.

Regarding the guard period we suggest to have zero guard period. However we assume that ACK/NACK messages can be transmitted without collision. Even though in a practical case when the UE is far away from the eNodeB a ACK/NACK message would have to be transmitted at the same time that a subframe is received. But to take the guard period into account would require additional complexity in the simulations since the fixed reference channels would have to be redesigned for the guard period case.
Summary
In this contribution we have highlighted some differences in the HARQ processing between FDD and TDD. For TDD there may not always be a slot available for transmitting the ACK/NACK messages which results in differences in delays. We have also suggested working assumptions to be used when simulating link performance for TDD systems.
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