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1. Introduction

In LTE the baseline HARQ principles have been decided for both the UL and the DL and some optimizations have also been agreed for the DL. 
In order to keep on progressing the work on HARQ optimizations as well as DRX we propose to start discussing the LTE HARQ timeline for the UL and DL, FDD and TDD, and the resulting number of HARQ processes.

In the conclusion we propose the following:

· The UE and eNB processing delay is 3ms at the minimum.
· The HARQ feedback is to be transmitted in the earliest possible TTI occasion that allows 3ms processing.
· For FDD, the minimum DL HARQ RTT is equal to the UL HARQ RTT

· For FDD, the HARQ RTT (for both UL and DL) is static

2. Discussion 

2.1. Minimum UE and eNB processing time

Many considerations are taken into account when deciding on an HARQ structure; delay performance, buffering requirement, interaction with other features (such as DRX), commonality between different modes of operation (FDD vs TDD) and implementation complexity.

The implementation complexity is a very important factor as it directly impacts the cost of the equipment (UE and eNB) and is very heavily influenced by the processing delay for the HARQ feedback (illustrated in figure 1 below).
For UEs, in order to obtain a reasonable trade-off between complexity and performance, we believe that a 3ms processing delay is required. 

Since eNBs will have to perform similar processing for both UL and DL, it seems reasonable to assume that a 3ms processing delay is required as well.
Proposal 1: The UE and eNB processing delay is 3ms at the minimum.
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Figure 1: Processing delays for HARQ feedback

2.2. Resulting HARQ structure
From Proposal 1, it is possible to derive an HARQ timeline for both FDD and TDD following a simple rule as proposed below:
Proposal 2: The HARQ feedback is to be transmitted in the earliest possible TTI occasion that allows 3ms processing.

2.2.1. FDD HARQ structure

For FDD, the resulting HARQ structure that fits Proposal 1 the closest consists of 8 HARQ interlaces as illustrated in figure 1. 
Furthermore, although there is in principle no requirement for the UL HARQ RTT to be related to the minimum DL HARQ RTT, there are several advantages in keeping an identical value for both:

· When considering the DRX feature, it is very beneficial to be able to align an UL transmission with a DL reception for data as well as for HARQ feedback. Since a UE waking up will be able to simultaneously receive data/feedback and transmit data/feedback the sleep time will be increased (see illustration in figure 2 and 3).

· From a service point of view, keeping an identical minimum HARQ RTT for both the UL and the DL is easier for delay provisioning
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Figure 2:UE “ON” time with different HARQ RTT for UL and DL
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Figure 3: UE “ON” time with identical HARQ RTT for UL and DL

Proposal 3: For FDD, the minimum DL HARQ RTT is equal to the UL HARQ RTT

2.2.2. TDD HARQ structure

For TDD, the resulting HARQ structure that fits Proposal 1 is not uniquely defined as it also depends on the required UL/DL mix and the periodicity (as described in [1]). The same rule can however be applied to un-ambiguously determine when the HARQ feedback needs to be sent.
Given the UL/DL mix, it may be possible that a number of HARQ feedback packets need to be sent in the same slot. In the event that the resources scheduled in the slot are not sufficient to accommodate all the feedback packets, they can be prioritized according to their seniority (the older the feedback packets the higher the priority).
In figure 4 this principle is illustrated for a TDD 1/3 mix. The resulting HARQ feedback delay varies between 4 and 6ms. 
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Figure 4: Variable TDD time line for UL/DL mix of 1/3
2.3. UE category and processing feedback
Since only higher category UEs (which support the highest data rates) may require the most stringent RTT provided by a short HARQ timeline (and higher complexity), it could be envisioned that the HARQ feedback processing delay (and the resulting number of HARQ instances) is different for different UE categories.

If this proposal is adopted and since commercial deployments must be able to support all different UE categories, the scheduling will need to be able to handle a variety of HARQ timelines. On both the UE and scheduler side, this includes correctly handling and provisioning for the different HARQ feedback resources.

Although the HARQ feedback timing may eventually have an impact on the higher data rates if the timing is very large, we believe that it is possible to find a value that is large enough to avoid un-necessary complexity and low enough to guarantee the LTE requirements, even for the largest data rates.

Proposal 4: For FDD, the HARQ RTT (for both UL and DL) is static.
3. Conclusion
We propose to adopt the following proposals:

Proposal 1: The UE and eNB processing delay is 3ms at the minimum.
Proposal 2: The HARQ feedback is to be transmitted in the earliest possible TTI occasion that allows 3ms processing.

Proposal 3: For FDD, the minimum DL HARQ RTT is equal to the UL HARQ RTT

Proposal 4: For FDD, the HARQ RTT (for both UL and DL) is static
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