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1 Introduction
In this contribution we will discuss the operation of H-ARQ for the uplink data. We have identified the need for various settings of the diffeernt TDD UL/DL configurations.  In this contribution, we have used that assumption that it is allowed for a per TDD UL/DL configuration definition of various elements in order to allow for a generic optimization of H-ARQ related parameters, as discussed in [1].
2 UL H-ARQ operation
When analyzing the H-ARQ operation, we have assumed that the minimum processing time from an UL grant to the actual PUSCH transmission of 3 ms, and correspondingly, we have assumed a minimum processing time requirement for the associated e-Node B transmission of PHICH or dynamic retransmission. These requirements correspond to the ones from FDD more, and has been agreed in [4]

As to the number of needed H-ARQ processes, we have used the assumption of using the optimum/minimum number of processes as described in [4] [2] in order to reduce the H-ARQ RTT, which with this setup will vary from 10 to 12 ms depending on the TDD configuration.
In the construction of the timing for the processes, we have used the following design criteria:
· Minimum delay from resource grant signalled to the position where it can be utilized by the UE. This is to allow for fast adaptation to the radio resources as well as to have a well-defined timing relation between the grant and associated resource.

· The PHICH should be transmitted at a time instant where it is possible to fulfil the timing requirements for e-Node B processing.

· PHICH resources should only be reserved when there is a need for indicating ACK/NACK to uplink users. This is in contrast to FDD, where all DL subframes will always have a corresponding UL subframe.

· Allignment of PHICH and associated resource grant for the same HARQ process number to create time-wise consistency for the processes. The side benefit is that users in DRX will be able to reduce the decoding complexity, as the PHICH and potential grant for a process number are co-located. 
· Special time slot will also be able to carry PHICH. If this is not the case, we will break the requirement of colocated grant and PHICH, as well as we would increase the number of HARQ processes needed, and thereby increasing the HARQ RTT.
· Due to the limited capacity of the special time slot, it is preferred to shift grants and PHICH resources to DL subframes other than the special time slot whenever possible without increasing number of HARQ processes nor RTT, and the scheduling performance loss is minimized.

A proposal for the timing relation between grants and associated PHICH for the different TDD UL/DL configurations is shown in Figure 1. The observations that can be seen from this is summarized in the below table.
	TDD UL/DL configuration
	Observations

	0
	As the number of UL subframes is larger than the number of DL subframes, there is a need for allowing multi-TTI grants. This is addressed in [2].
Again, as there are more UL resources than DL resources, there should be DL subframes with multiple sets of PHICH groups, but to optimize the physical resource usage, this should vary on a per-subframe level. Due to the limited capacity of the special time slot, the PHICH resources have preferred to have the maximum load in the subframe prior to the special time slot.

	1
	As the number of DL subframes is larger than the number of UL subframes, it is seen that there is no need for UL grants and associated PHICH for all DL frames.

	2
	Same observation as for configuration #1

	3
	 Same observation as for configuration #1

	4
	Same observation as for configuration #1

	5
	Same observation as for configuration #1

	6
	 For this special configuration it has been chosen to prefer even balancing of the UL grants and due to the requirement of linking PHICH and associated resource grants, there will be one UL grant per DL subframe (and special time slot).


As can be seen from the above observations, the HARQ timing will vary significantly depending on the TDD UL/DL configuration. From a resource utilization point of view, this solution will allow for reserving resources for PHICH only for the cases where the PHICH groups are actually needed.
3 Conclusions

Based on the discussions above, we propose that RAN WG1 use the timing structure for UL HARQ as shown in Figure 1 as the general structure for the different TDD configurations. Following this proposal, we would also suggest that the amount of PHICH resources reserved for UL HARQ is allowed to change as a function of the TDD UL/DL configuration as well as the subframe number.
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5 Appendix: Timing diagram for UL HARQ

In Figure 1 we have shown the suggested configuration of the uplink HARQ operation. We have assumed that PHICH indication for a given HARQ process is delayed such that is coincide with the associated potential dynamic scheduled retransmission. The UL subframes (denoted U) indicates the HARQ process number, and the DL subframes and special time slot (denoted D and S) carries the UL grants (both new transmissions and dynamically scheduled retransmissions). These are denoted “Gx”, where the x is the associated HARQ process number. Correspondingly the associated PHICH for a given process is denoted “Px”, where once more the x is the process number.
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Figure 1 Illustration of the suggested HARQ timing for grants as well as associated HARQ feedback channels.
