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1. Introduction and background
The present contribution considers the number of UL HARQ processes required for the TDD operation. We note that this number has not been settled yet, although it has been noted that the number of simultaneous HARQ processes required for continuous transmission to or from a UE depends on the UL/DL allocation [1,2,3].  The currently agreed allocations are given in Table 1.
	UL/DL allocation
	Periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	10 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Table 1: Currently agreed UL/DL allocations.
Related to the number of processes needed is the timing relation between UL and DL. Assuming that after an UL scheduling grant or an ACK/NAK  in subframe n the UE can respond at the earliest in subframe n+4, and similarly that an UL transmission in subframe n is acknowledged with an ACK/NAK by the eNodeB in subframe n+4 at the earliest, the largest number of HARQ processes for the UL transmission occurs for the allocations 1DL+DwPTS:3UL (allocation 0; 7 HARQ processes) and 3DL+2DwPTS:5UL (allocation 6; 6 HARQ processes). Using Little’s law [4], these numbers of HARQ processes correspond to an average (over time and all HARQ processes) roundtrip time (RTT) of 7/(3/5 * 1/1 ms) = 11.7 ms and 6/(5/10 * 1/1 ms) = 12 ms respectively. Furthermore it has been proposed to decrease the RTT and the number of HARQ processes by means of shortening the processing times. More specifically, in [2] it was suggested to achieve this by requesting the UE to respond to an UL scheduling grant or ACK/NAK in subframe n+3 rather than n+4 in the TDD mode.
2. Processing times
Shortening the average RTT can only be achieved by decreasing the number of simultaneous HARQ processes. This is turn could be realized by, as above, (a) requesting the UE to respond to an UL scheduling grant or an ACK/NACK on PHICH in subframe n+3 rather than n+4, or (b) requesting the eNodeB to acknowledge an UL transmission in subframe n+3 rather than n+4. Either change would lead to the required number of HARQ processes for the allocations 1DL+DwPTS:3UL and 3DL+2DwPTS:5UL mentioned above to be  6 and 5 respectively, giving average RTTs of 6/(3/5 * 1/1 ms) = 10 ms and 5/(5/10 * 1/1 ms) = 10 ms for these two cases. We note that this would reduce the RTT only for two UL-heavy asymmetries (Table 2). While there are applications for which UL-heavy asymmetries are more suitable, we note that also the delay budgets need to be considered and that the performance improvements are not necessarily large enough to motivate the shortening of the RTT.

Regarding proposal (a), i.e. requesting the UE to respond to an UL scheduling grant in subframe n+3, the maximum timing advance becomes important too. Indeed, the UE processing time becomes roughly 3 ms – 2Tp, where Tp  is the (one-way) propagation delay from the eNodeB to the UE [2]. The agreed maximum timing advance is 0.67 ms, corresponding to a 100 km cell. Before transmitting the UE must decode the DL control channel information in subframe n to see whether it receives a scheduling grant and, if so, encode the data to transmit in subframe n+3. A processing time significantly shorter than 3 ms may be unfavorable (e.g. in terms of power consumption), and hence we propose that it is not decided to reduce the UE processing time for responding to an UL scheduling. Regarding proposal (b) it obviously puts similar tighter constraints on timing budgets and possibly also on data rates in the eNodeB, in particular in conjunction with multiple antennas and spatial multiplexing. 

We do not believe that it is feasible to mandate either (a) or (b) without imposing restrictions on (UL) data rates and/or supported cell ranges (i.e., allowing for shorter maximum timing advances). At the same time it may be of interest to not preclude future optimizations, but we propose to postpone these to later revisions of the LTE standard.
3. Number of UL HARQ processes
As mentioned above, the number of UL HARQ processes depends on both the UL/DL allocation as well as on the configured eNodeB response time.  Table 2 lists the number of processes for the basic configuration as well as the optional eNodeB configuration, together with average HARQ RTTs.
	UL/DL allocation
	Basic configuration
(3ms eNodeB processing delay)

	0
	7 (11.7 ms)

	1
	4 (10 ms)

	2
	2 (10 ms)

	3
	3 (10 ms)

	4
	2 (10 ms)

	5
	1 (10 ms)

	6
	6 (12 ms)


Table 2: Required number of simultaneous UL HARQ processes and average HARQ RTTs for currently agreed UL/DL allocations.
Furthermore, this number of processes may in fact be regarded as the minimum number of process.  To avoid collisions of retransmissions with initial transmission of semi-persistent allocations with certain periodicities, one could consider increasing the number of processes. 
4. Conclusion
In the present contribution, we propose that
· The UE shall respond to an UL scheduling grant on PDCCH or ACK/NACK on PHICH in DL subframe n   in UL subframe n+k, with k>3. This allows for around 3ms – RTT processing time in the UE.
· The eNodeB shall respond to an UL transmission in subframe n in DL subframe n+k, with k>3. This allows for 3ms eNodeB processing time.
· The number of UL HARQ processes for TDD depends on the UL/DL allocation and is taken according to Table 2.
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