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1. Introduction
In RAN1 meeting 83, evaluation methodology for latency reduction has been agreed in [1] in order to perform link-level and system level evaluations to understand the feasibility and performance of TTI shorting. According to the objectives of the SI in [2], RAN1 shall study access specification impact and study feasibility and performance of sTTI lengths, taking into account impact on reference signals and physical layer control signalling. 
In this contribution, we mainly focus on DL HARQ process of FDD for supporting latency reduction. UL HARQ and TDD are discussed in our companion papers [3][4] respectively. 

2. TTI lengths for HARQ 

In general, the shorten TTI length may be more applicable to new data/control channels supporting sTTI, for example s(E)PDCCH/sPDSCH/sPUCCH/sPUSCH channels which can minimize specification impact and maximize backward compatibility with legacy UEs. According to existing specifications, the timing of HARQ ACK/NACK feedback procedure is based on LTE subframe with 1ms, for example n-4 for FDD, Table 10.1.3.1-1 for TDD, Table 10.1.3.1-1A of 36.213 for eIMTA, etc. 

One consideration point is whether a sTTI UE can support asymmetrical TTI lengths for DL and UL channels, for example DL HARQ using 0.5ms TTI for sPDSCH and 1ms TTI for sPUSCH, or UL HARQ using 1ms TTI for sPUSCH and 0.5ms for s(E)PDCCH. The benefits of introducing asymmetrical sTTI DL/UL (probably a more aggressive design concept of adopting sTTI length per data/control channel) may be close to diverse traffic loads in DL and UL transmission directions. It is generally understood that a shorter TTI is more beneficial for lighter traffic loading. 

Whether such a benefit can be justified by system level simulations can be FFS in the SI. However from the complexity of implementation and specification, supporting asymmetrical sTTI in DL and UL directions will be very complex. For example, the implicit assumption of timing for DL HARQ is based on n-4 counted at 1ms for FDD. Then if TTI lengths are different for DL and UL channels, the specification needs to clarify very carefully how this n-4 is determined at both eNB and UE sides and what/when corresponding time granularity should be used. Also, the mapping of legacy 1ms operation and sTTI operation in a cell on the same legacy control channel, for example multiplexing legacy ACK/NACK with sTTI ACK/NACK, would require further careful considerations. 

For TDD, it is even more complex if asymmetrical sTTI is used. For different DL/UL configurations, it is likely that RAN1 would need to design multiple HARQ timing tables and corresponding procedures for supporting different combinations of asymmetrical DL/UL sTTI lengths whose complexity can further increase considering feature coexistence with eIMTA, eCA and LAA, etc. 

· Proposal #1: The latency reduction shall consider symmetrical sTTI length for both DL and UL subframes as a starting point. The benefit of asymmetrical sTTI is unclear and shall be justified by system level simulations and a complexity analysis during the SI. 

Another consideration is whether a TTI length can be dynamically changed for a given UE, for example by a DCI message supporting different TTI/sTTI lengths per channel codeword, e.g. between sTTI and TTI or between multiple sTTI (if supported). The motivation is that different TTI lengths may cater for different traffic and application profiles so that a UE may benefit from dynamic setting of TTI lengths. Although it is unclear for us how existing system level simulations can exploit such a correlation and further evaluations would be needed to confirm the performance gain by utilizing dynamic TTI lengths, we share our preliminary understanding related to such mechanism. 

It is unclear so far how to change TTI lengths dynamically at the moment. Since the indication of dynamic TTI length is related to downlink control signalling design, for example s(E)PDCCH, details of the indication procedure will greatly impact HARQ timing for both DL and UL HARQ, for example, how to link sPUSCH at specific UL sTTI with UL Grant at another DL sTTI, and eventually impact the gain of latency reduction. Therefore RAN1 needs to specify the timing relationship clearly for a TTI length transition period, no matter whether HARQ is synchronous or asynchronous. The ambiguity of TTI lengths shall be absolutely avoided. 

Supporting dynamically changing sTTI per UE needs to consider a mechanism of multiplexing HARQ-ACK for dynamic sTTI. For example DL asynchronous HARQ has to deal with potential collision of HARQ processes with different sTTI lengths and multiplexing them into sPUCCH or PUCCH depending on the design. Certainly the way of switching will seriously impact the method of multiplexing of DL HARQ-ACK. Therefore some rules may need to be specified to make sure that the eNB and the UE have proper mutual understanding. The collision of HARQ processing due to dynamically changing sTTI shall not consume too much the UE processing power and overload uplink channels. For TDD with multiple DL/UL configurations, dynamically changing sTTI length will lead to a certain chaos and ambiguity of DL/UL sTTI-type configurations which RAN1 has to discuss and understand further. 

· Proposal #2: The latency reduction shall consider semi-static setting of TTI length for both DL and UL subframes as a starting point. The benefit of dynamical TTI length shall be justified by system level simulations and a complexity analysis during the SI.

Fallback operation for sTTI UE should be studied further. The starting point of fallback will be legacy transmission diversity scheme with format 1A and 1ms TTI. Therefore for certain cases, like fallback, a sTTI UE may have to use a different TTI length. However such a switching is hardly considered as dynamic. And specifications shall clearly define the usage of TTI and sTTI lengths to avoid ambiguity. 

3. Downlink HARQ for sTTI 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In LTE/LTE-A FDD, the UE is expected to feedback ACK/NACK in subframe n+4 in case a DL grant is detected in subframe n. A full HARQ-ACK cycle requires transmissions from both sides (2x propagation delay) as well as some necessary processing, which is absorbed into the 4 subframes delay. Figure 1 shows an example of FDD HARQ processing timing where the HARQ RTT is 8 TTIs. 
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Figure 1: Downlink HARQ process timing in FDD

For 1ms TTI, the legacy UE needs 4ms to send ACK/NACK which consists of time budgets for propagation delay (denoted by PD) and processing delay (denoted by Due, DeNB respectively) [5]. The HARQ delay may be reduced by TTI shortening, e.g. 0.5ms sTTI. The applicable maximum propagation delay is basically determined by the cell size. Only the processing delay can be reduced at certain level. For example, when the TTI length decreases, the processing time for data receiving, soft buffer combining and decoding will be reduced. Other processing cannot be compressed and is not linearly scaling with the TTI length, such as the DL control/grant decoding, NDI detection, ACK/NACK generation based on decoding results, UL control generation, and the internal MAC-PHY signalling exchange which might also be involved in time budget of processing delay. For very large cell-sizes, the propagation delay may become the dominant component in the overall delay budget. On the other hand, UL channel design supporting sTTI is also closely related to DL HARQ due to the potential increase of UCI payload compared to the legacy 1ms TTI and more frequent retransmission. Therefore the degradation of UL coverage will eventually be translated into the loss of latency reduction gain and need to be investigated further. 

· Observation #1: Achievable LTE latency reductions will be limited by the propagation delay, the minimum achievable UE and eNB processing times as well as potential UL coverage issues due to TTI shortening. 

For very short TTI length, considering both the propagation delay and processing delay, the HARQ-ACK timing (n+4) may need to be relaxed to ensure the full timing budget. However, the advantages of TTI shortening for latency reduction will be partly counteracted by relaxing HARQ RTT. Meanwhile the UL coverage is expected to be limited by very short TTI length. The final design target needs to be a reasonable trade-off between sTTI length and HARQ-ACK timing assumptions (i.e. n+k). Operating with very short TTI length and a larger HARQ-ACK operation cycle (i.e. k>4) does not seems to be reasonable. Otherwise, the simplest approach to reduce RTT is to reduce the value of k to 2 whilst keeping the current TTI length to 1ms. 

· Observation #2: The design target needs to be a reasonable trade-off between sTTI length and HARQ-ACK timing assumptions (i.e. n+k). Operating with very short TTI length and a larger HARQ-ACK operation cycle (i.e. k>4) does not seems to be reasonable.


For different sTTI lengths and different cell sizes, the HARQ-ACK timing may be optimized with different values of k. However, the complexity of specification and implementation is increased significantly if different HARQ-ACK timing can be supported. Therefore a single fixed HARQ-ACK timing relation (n+k) for a certain sTTI length is preferred as we discussed in previous section. The exact value of k can be discussed further. But the legacy k=4 is preferred for FDD DL HARQ to simplify the HARQ operation design, where the ACK/NACK mapping and some other legacy designs can be reused to mitigate the implementation complexity. Please note that the potential coexistence issues with other legacy and ongoing features like eCA, LAA, etc are not fully investigated yet. 

· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal #3: A single fixed DL HARQ-ACK timing relation (n+k) for a certain sTTI length is to be chosen. 

· Proposal #4: Apply a fixed DL HARQ-Ack timing relation of n+4 independent of the sTTI length for DL HARQ in FDD to mitigate the specification and implementation complexity.

5. Summary

In the contribution, we have discussed some considerations of sTTI lengths related to HARQ and DL HARQ timing for FDD.  Given that some potential changes can lead to significant increase of specification and implementation complexity, we have following observations and proposals given as follows: 
· Proposal #1: The latency reduction shall consider symmetrical sTTI length for both DL and UL subframes as a starting point. The benefit of asymmetrical sTTI is unclear and shall be justified by system level simulations and a complexity analysis during the SI. 

· Proposal #2: The latency reduction shall consider semi-static setting of TTI length for both DL and UL subframes as a starting point. The benefit of dynamical TTI length shall be justified by system level simulations and a complexity analysis during the SI.

· Observation #1: Achievable LTE latency reductions will be limited by the propagation delay, the minimum achievable UE and eNB processing times as well as potential UL coverage issues due to TTI shortening. 

· Observation #2: The design target needs to be a reasonable trade-off between sTTI length and HARQ-ACK timing assumptions (i.e. n+k). Operating with very short TTI length and a larger HARQ-ACK operation cycle (i.e. k>4) does not seems to be reasonable.

· Proposal #3: A single fixed DL HARQ-ACK timing relation (n+k) for a certain sTTI length is to be chosen. 

· Proposal #4: Apply a fixed DL HARQ-Ack timing relation of n+4 independent of the sTTI length for DL HARQ in FDD to mitigate the specification and implementation complexity.
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