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1.  Introduction

The HARQ RTT and processes number in LTE FDD and TDD are discussed in past RAN1 and RAN2 meetings[1][2][3]. Some conclusions on this aspect for FDD are achieved so far. But for TDD the preference is still unclear due to the distinct feature in frame structure compared with FDD. This contribution will analyze the HARQ RTT for TDD under reasonable processing latency further and propose a feasible scheme.
2.  Discussion
2.1 UL
The synchronous HARQ has been determined to be adopted for LTE UL transmission. In FDD frame structure, it is easy to support synchronous HARQ by only introducing one kind of RTT at the same time because of the TTI continuity in UL and DL direction. In other words, it is easy to indicate the HARQ process ID implicitly by current TTI number being used after defining a simple mapping between TTI number and HARQ process ID.
It is better to design the similar mapping relationship between timescale and HARQ process ID in TDD UL to keep the commonality with FDD. Before introducing the possible schemes, the minimum HARQ RTT related with each timeslot in TDD frame structure, represented by RTTmin, is investigated firstly. The RTTmin is the shortest duration between two adjacent data transmission, during which the ACK/NACK feedback and sequent data transmission are transmitted in the earliest possible timeslot occasions those allow determinate processing time. Fig 1 shows the RTTmin of each timeslot respectively in a TDD frame structure including five 1ms timeslots in the 5ms allocation period (Frame), and timeslot 0 is for DL, the others is for UL. The processing latency for UE and eNB are both assumed as 3 ms.
Tp in Fig 1 is the propagation delay from transmitter to receiver, and will not affect the RTTmin if the cell radius kept in a reasonable range. Tenb and Tue represent the processing time in eNB and UE respectively. Tdelay1 is the duration during which the eNB is waiting an earliest usable DL timeslot to send ACK/NACK feedback after completing the UL data processing. And Tdelay2 is the duration during which the UE is waiting an earliest usable UL timeslot to continue next data transmission after finishing the DL ACK/NACK processing.
The RTTmin for each timeslot in Fig 1 is summarized as follow:
· For timeslot 1: RTTmin=10ms;

· For timeslot 2: RTTmin=14ms;

· For timeslot 3: RTTmin=13ms;

· For timeslot 4: RTTmin=12ms;

Obviously, the implicit mapping between timescale and HARQ processes can not be satisfied by using the RTTmin listed above, for example, the next data transmissions of the HARQ processes in timeslot 2, 3, 4 of Frame N will all happen in timeslot 1 of Frame N+3. So some longer RTT values have to be used. There are two feasible RTT strategies to realize the implicit mapping from timescale to HARQ process ID, unified RTT for all UL timeslots and timeslot related RTT.
Alt 1: Unified RTT for all timeslots
The method that maintains the corresponding relationship between HARQ processes and timescale by only one RTT size has been depicted in scheme3 in [4]，the essential idea is to select the RTT equal to a multiple of allocation period, and establishing the mapping between timeslot number and HARQ process ID.
Taking account of the processing latency and performance, the best choice of RTT size is 15ms for TDD frame structure in Fig 1, since it is the minimum multiple of frame size.
When the RTT is setting to 15ms, 12 HARQ processes is necessary to guarantee the successive transmission, and the implicit indication from timescale to HARQ process ID can be defined by Frame number(denoted by Fn) with timeslot number as follow：

· If Fn mod 3 = 0:

· Timeslot 1 ( process ID 0；
· Timeslot 2 ( process ID 1；
· Timeslot 3 ( process ID 2；
· Timeslot 4 ( process ID 3；

· If Fn mod 3 = 1:

· Timeslot 1 ( process ID 4；
· Timeslot 2 ( process ID 5；
· Timeslot 3 ( process ID 6；

· Timeslot 4 ( process ID 7；

· If Fn mod 3 = 2:

· Timeslot 1 ( process ID 8；
· Timeslot 2 ( process ID 9；
· Timeslot 3 ( process ID 10；

· Timeslot 4 ( process ID 11；

Alt 2: Timeslot related RTT
The main idea of this alternative is to configure RTT separately for each timeslot based on following rule: 

For timeslot n, find out a integer M, which satisfies (M-1)*Fp<RTTmin≤M*Fp, where Fp is allocation period. Then configure the RTT related to timeslot n as M*Fp. When Fn mod M=0, 1, 2…M-1 respectively, the timeslot n will bundle with different HARQ processes.
Assuming there are two different RTT values needed for different UL/DL allocation when obeying above rule. The number of HARQ processes required can be calculated by P1*(RTT1/Fp)+P2*(RTT2/Fp), in which RTT1 and RTT2 are the two different RTT values, and P1/P2 is the amount of timeslots whose RTT size is RTT1/RTT2 in an allocation period.
In term of the rule above, RTT value related to each UL timeslot in Fig 1 are:

· For timeslot 1: RTT=10ms;

· For timeslot 2: RTT=15ms;

· For timeslot 3: RTT=15ms;

· For timeslot 4: RTT=15ms;

There are two different RTT values in this case, and 11 HARQ processes at most are enough to realize continuous transmission in UL. One kind of implicit mapping between timescale and HARQ process ID is like below:
· If Fn mod 2 = 0:

· Timeslot 1 ( process ID 0；
· If Fn mod 2 = 1:

· Timeslot 1 ( process ID 1；
· If Fn mod 3 = 0:

· Timeslot 2 ( process ID 2；
· Timeslot 3 ( process ID 3；

· Timeslot 4 ( process ID 4；

· If Fn mod 3 = 1:

· Timeslot 2 ( process ID 5；
· Timeslot 3 ( process ID 6；

· Timeslot 4 ( process ID 7；

· If Fn mod 3 = 2:

· Timeslot 2 ( process ID 8；
· Timeslot 3 ( process ID 9；

· Timeslot 4 ( process ID 10；

The transmission timeline of different HARQ processes are described in Fig 2. 
In some cases, the timeslot related RTT will be same for all the UL timeslots, and this is decided by the UL/DL allocation in TDD frame structure.
Comparing Alt 1 with Alt 2, the timeslot related RTT is shorter than the unified RTT in average, and as a result the transmission performance is improved in Alt 2. Moreover the Alt 2 mitigate the requirement of equipment due to less HARQ processes amount. So Alt 2 is our favourite.

2.2 DL
Similar to UL, the RTTmin for each DL timeslot is also different. An example is shown in Fig 3, in which the parameters are same as Fig 1, except the DL/UL allocation is 4:1. The timeslot related RTTmin for each DL timeslot in Fig 3 are:
· For timeslot 0: RTTmin=13ms;

· For timeslot 1: RTTmin=12ms;

· For timeslot 2: RTTmin=11ms;

· For timeslot 3: RTTmin=10ms;

Different from the UL, asynchronous HARQ is agreed for LTE DL. So it is no necessary to predefine the mapping between timescale and HARQ process ID. But the actual RTT of a HARQ process whose previous data transmission happened in timeslot n must be no shorter than the RTTmin related to timeslot n. Furthermore to keep the successive transmission, the HARQ processes amount should equal to the number of DL timeslots during the maximum RTTmin at least, for example, 11 HARQ processes are needed for the frame structure in Fig 3.
3. Summary
In order to increase the sleep time in DRX, [1] and [2] suggested to keep the same HARQ RTT in UL and DL for FDD. But for TDD, this benefit does not exist because of the transmitting and receiving are always apart in timing. So for TDD, different RTT is acceptable in UL and DL.

With the discussion in past meetings and analyse in this paper, the design of HARQ RTT for TDD can be summarized as follow:

· The HARQ RTT and number of processes depend on the DL/UL allocation;
· For UL, the scheme described in Alt 2 should be supported to maintain the implicit mapping between timescale and HARQ process ID.
· For DL, the timeslot related RTTmin should be respected to determine the HARQ RTT and processes number.
The discussion in section 2 is based on the universal TDD frame structure. So the principles above can be applied in both Type1 TDD and Type 2 TDD.

4. Proposal

We propose RAN1 to discuss the principles list in section 3, and accept these as the basis for further working on HARQ RTT and processes number in LTE TDD.
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Fig 1 The RTTmin related with each timeslot in UL
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Fig 2 Operation timeline in Alt 2
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Fig 3 The RTTmin related with each timeslot in DL
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