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1. Introduction
The various HARQ protocols have been discussed a lot in the past RAN1 meetings and also in the RAN1&RAN2 joint meeting in Athens. Synchronous HARQ was proposed to be the start point of uplink. However, due to the different frame structure between FDD and TDD, the “synchronous” definition used in FDD should be reinvestigated in TDD. In this document, we will discuss the possible schemes of the synchronous HARQ for LTE TDD.
2. Discussion 

As described in [1], the different forms of HARQ schemes can be classified as synchronous or asynchronous in term of retransmission time.
· Synchronous HARQ implies that (re)transmissions for a certain HARQ process are restricted to occur at known time instants. No explicit signalling of the HARQ process number is required as the process number can be derived from, e.g., the sub-frame number. 
· Asynchronous HARQ implies that (re)transmissions for a certain HARQ process may occur at any time. Explicit signalling of the HARQ process number is therefore required.

With above definition, HSDPA uses an asynchronous HARQ scheme, while HSUPA in WCDMA uses a synchronous HARQ scheme.
2.1 Synchronous HARQ in LTE FDD
In FDD mode, the uplink and downlink of the system work in separate frequency domain. Continuous data transmission can be provided in both link directions. The minimum TTI corresponds to one sub-frame, namely 0.5ms. As for the synchronous HARQ, the implicit HARQ process ID can be determined using the following formula:
CURRENT_HARQ_PROCESS_ID=TTIN mod HARQ_RTT

Where TTIN is the Transmission Time Interval Number and HARQ_RTT represents HARQ Round Trip Time.
An example about the relationship between the HARQ process ID and TTIN is shown in Figure 1, in which HARQ_RTT is assumed to be equal to 5 TTIs.
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Figure 1: Relationship between HARQ process ID and TTIN in the synchronous HARQ scheme
2.2 Synchronous HARQ in LTE TDD
In TDD, the uplink and downlink use the same frequency resource with TDM mode. Figure 2 shows the TDD Sub-frame structure introduced in reference [1].
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Figure 2: TDD Sub-frame Structure
One radio fame (10ms) is split into two Sub-frames (5ms). Each Sub-frame consists of seven normal timeslots: TS0-TS6, three special timeslots (DwPTS, GP and UpPTS) and multiple switching points, where DUSP is the switching point from downlink to uplink and UDSP is the switching point from uplink to downlink. Note the term “Sub-frame” used here is different from that used in LTE FDD.
For the LTE TDD, the minimum transmission time of a HARQ PDU corresponds to one timeslot (0.667ms). Therefore when designing the synchronous HARQ in TDD, timeslot should be used as the basic time unit.
To simplify the description, a typical sub-frame structure is used in the following discussion, as shown in figure 3.
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Figure 3: A typical sub-frame structure (for explanation purpose only)
The special timeslots are omitted and only one pair of DUSP/UDSP exists in this figure.
2.2.1 Scheme1: Using HARQ_RTT and GTSN
Similar to FDD, HARQ_RTT is firstly decided according to the device capability (NB and UE time budget).  5 processes are assumed to be enough, which means the HARQ_RTT is equal to 5 timeslots. For explanation purpose, we define a new term “GTSN”, namely General TimeSlot Number. GTSN can be obtained using the following formula:
GTSN=sub-frame number * 7+timeslot number

Then, similar to FDD, the HARQ process id can be decided as below:
CURRENT_HARQ_PROCESS_ID=GTSN mod HARQ_RTT

With such a definition, however, timeslots with the same HARQ process id may belong to different link direction, due to the co-existence of the uplink and downlink timeslot. In this case, retransmission, if needed, should be postponed until a timeslot with the same direction and the same HARQ process id as the last transmission is available. This is shown in figure 4. Taking HARQ process 3 as an example, one HARQ PDU is transmitted initially in TS3 of sub-frame 0. The first retransmission occurs at TS1 of sub-frame 1. Due to the timeslot confliction, the second retransmission will occur at TS2 of sub-frame 3.
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Figure 4: Synchronous HARQ Scheme1
2.2.2 Scheme2: Using HARQ_RTT and UGTSN/DGTSN
The same HARQ_RTT of 5 timeslots is assumed as in Scheme1. But the uplink and downlink timeslots are numbered separately in Scheme2. The HARQ process id of different directions is also calculated separately. Then, the uplink HARQ process id can be determined as:
CURRENT_UPLINK_HARQ_PROCESS_ID=UGTSN mod HARQ_RTT

Here UGTSN represents the uplink GTSN. The downlink HARQ process id can be obtained using a similar formula. 
With such a definition, the timeslot confliction will never arise, as shown in figure 5. However, the time between two adjacent transmissions of one data block is not a fixed value, which may increase the complexity of the scheduling.
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Figure 5: Synchronous HARQ Scheme2
2.2.3. Scheme3: Using Timeslot Number
In Scheme3, the HARQ process id is associated with the timeslot number in each sub-frame. Retransmission, if needed, will occur at the same timeslot in the sub-frame next to the last transmission. This is shown in figure 6.
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Figure 6: Synchronous HARQ Scheme3

Scheme3 is in fact a special case of Scheme 1, where HARQ_RTT is designed to be the timeslot quantities in a sub-frame (namely 5ms) considering both the device capability and the TDD sub-frame characteristics. 
With definition in Scheme3, possible timeslot conflictions are avoided and the time between two adjacent transmissions is a constant. 
3. Proposals
In this document, three possible schemes of the synchronous HARQ in LTE TDD are discussed. In our current opinion, Scheme3 is a preferable one compared to the other schemes because the retransmission time is not affected by the uplink/downlink timeslot cross. Other issues, such as influence of variable TTI need to be further studied.
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