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1. Introduction 

The present contribution considers the number of HARQ processes required for LTE TDD operation. For the UL, the current version of the specification ‎[1] only contains the number of processes for FDD, and we derive the number of processes for TDD. Further, under the assumption that DwPTS is used as an ordinary, but truncated subframe, previous agreed results for FS1 in ‎[2] holds for the DL still. 

All details with respect to the frame structure have not been settled yet, and only the six allocations of subframes to UL and DL where the subframe following UpPTS is always allocated for UL transmission is considered, see further ‎[3].  In addition, the special fields also need to be considered.  Our assumptions are as follows

· DwPTS is treated as an independent but truncated subframe, when the DwPTS is of sufficient duration.

· UpPTS is treated as an independent but truncated subframe when UpPTS is of sufficient duration.

· ACK/NACK can not be transmitted in UpPTS since we prefer the same timing relation independent of whether PUSCH or PUCCH is used and since it has been agreed not to transmit PUCCH in UpPTS ‎[4].

Depending on future decisions only a subset of the values may be needed for inclusion in the specification

2. Number of DL processes

Assuming a 3ms processing time in the eNodeB and the same minimum processing time for TDD as for FDD, namely around 3ms minus the roundtrip propagation delay, we learn that the number of processes required are as in Table 1.

	1DL+DwPTS: 3UL (+UpPTS)
	4

	2DL+DwPTS:2UL(+UpPTS)
	7

	3DL+DwPTS:1UL(+UpPTS)
	10

	6DL+DwPTS: 3UL(+UpPTS)
	9

	7DL+DwPTS:2UL(+UpPTS)
	12

	8DL+DwPTS:1UL(+UpPTS)
	15


Table 1  Number of DL processes for different allocations. DwPTS carries data.

Note that these numbers in Table 1 are consistent with the way forward that was agreed in ‎[4]. 

2.1. DwPTS does not carry data

If DwPTS is not used for data the number of processes required is as shown in Table 2.
	1DL(+DwPTS): 3UL (+UpPTS)
	2

	2DL(+DwPTS):2UL(+UpPTS)
	5

	3DL(+DwPTS):1UL(+UpPTS)
	8

	6DL(+DwPTS): 3UL(+UpPTS)
	7

	7DL(+DwPTS):2UL(+UpPTS)
	10

	8DL(+DwPTS):1UL(+UpPTS)
	13


Table 2  Number of DL processes for different allocations.  DwPTS is does not carry data

3. Number of UL processes

For the UL, we assume the following

· A NACK on PHICH  or an UL grant  on a PDCCH in subframe n will trigger a retransmission in subframe n+k, where k >3.
· In response to an UL transmission in subframe n, the eNodeB will transmit an ACK/NAK in subframe n+k , where k>3.

3.1. Allocations with DwPTS carrying control and UpPTS not carrying data.

In the first case, we assume that UpPTS is not used for data, and that DwPTS can carry DL control signaling.  The number of UL processes is shown in Table 3.

	1DL+DwPTS: 3UL
	7

	2DL+DwPTS:2UL
	4

	3DL+DwPTS:1UL
	2

	6DL+DwPTS: 3UL
	3

	7DL+DwPTS:2UL
	2

	8DL+DwPTS:1UL
	1


Table 3  Number of UL processes assuming that control signaling is available in DwPTS and that UpPTS is not used for data transmission.
3.2. Allocations with DwPTS carrying DL control and UpPTS carrying data

Next, we consider the case when UpPTS is used as an independent but truncated UL subframe, at the same time as we can use DwPTS for DL control signaling. The number of UL processes is shown in Table 4. 

	1DL+DwPTS: 3UL+UpPTS
	9

	2DL+DwPTS:2UL+UpPTS
	6

	3DL+DwPTS:1UL+UpPTS
	4

	6DL+DwPTS: 3UL+UpPTS
	4

	7DL+DwPTS:2UL+UpPTS
	3

	8DL+DwPTS:1UL+UpPTS
	2


Table 4  Number of UL processes assuming that control signaling is available in DwPTS and that UpPTS is used for data transmission.

3.3. Allocations with no control in DwPTS and data in UpPTS

The final case that deserves some attention is when no control signaling is available in DwPTS and UpPTS is used as a separate UL subframe.

	1DL: 3UL+UpPTS
	10

	2DL:2UL+UpPTS
	7

	3DL:1UL+UpPTS
	4

	6DL: 3UL+UpPTS
	4

	7DL:2UL+UpPTS
	3

	8DL:1UL+UpPTS
	2


Table 5  Number of UL processes assuming that no control signaling is available in DwPTS and that UpPTS is used for data transmission.
4. Conclusion

In the present contribution, the number of HARQ processes was determined for LTE TDD in both UL and DL based on minimum processing delays same as for FDD.   We propose the following

· The number of DL processes depends on the allocation of subframes to UL and DL and if DwPTS carries data like any other but punctured subframe. The actual numbers of processes are given Table 1 and Table 2.

· The number of UL processes depends on the allocation of subframes to UL and DL as well as if DwPTS can be used to carry control signaling and if UpPTS is used to carry data like any other but punctured UL subframe.  The actual number of processes is given in Table 3, Table 4, and Table 5.

· For both UL and DL, the relatively large flexibility in terms of supporting different number of processes may be reduced if the number of DwPTS and UpPTS configurations is restricted. 
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