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1. Introduction

RAN1 issues related to SI “Study on Latency reduction techniques for LTE”[1] includes the following two aspects [1]:

· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling 

· Backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier);
In the RAN1#84, the performance of different TTI length less than 1ms has been discussed, and initial discussion were performed on potential control and demodulation reference signal design, as well as the corresponding specification impact. 
In this contribution, we first provide the analysis on the different length of short TTI. Then, considering that HARQ timing determines the RTT time, which is one important component of U-plane one-way latency, we will discuss the HARQ timing design principles for short TTI.
2. Consideration on latency reduction design
Although the short TTI lengths with 0.5ms, 3/4, 2 and 1 OFDM symbol are within the scope of the latency reduction SI [1], to which extend the TTI length should be reduced to needs to be carefully examined, in order to balance among the standard effort, the latency reduction gain and the overhead that potentially be introduced by control signalling and RS.
Specifically, if 7-OFDM-symbol TTI is considered, the legacy CRS can be reused with little modification for downlink, since the RS are inserted in each slot. This helps for avoiding more overhead for potential design of new RS. Nonetheless, since each slot contains two columns of CRS and DMRS, whether the current RS in one slot can satisfy the performance for measurement and demodulation needs to be further evaluated. By contrast, if the TTI length is reduced further, e.g., 2 symbols or even 1 symbol, the current RS can not be ensured to be exist in each TTI, and new RS design is necessary. 

Furthermore, with reduced TTI, the PUCCH designs in current LTE standard are no longer applicable. Either brand new PUCCH formats or the modification of current PUCCH formats for the reduced TTI lengths can be considered. If 0.5 ms TTI is adopted, it is possible to modify current Format 1/1A/1B: since the Format1/1A/1B occupy two slots by frequency hopping, and the same symbol is mapped onto the two slots by a phase shift, it may be possible to use single slot to transmit the SR and A/N information carried by Format1/1A/1B. It is FFS if and how to support Format 2/2a/2b/3 for 0.5 ms TTI length. For 1/2 symbol TTI, in general brand new PUCCH formats are necessary.

In addition, when the TTI length reduces to less than 0.5ms, the overhead of control signalling and RSs becomes more and more severe, which may become the bottleneck for user-experienced throughput and the transmission efficiency. 
Proposal 1 : The tradeoff among the standard effort, the latency reduction gain and the overhead that potentially be introduced by control signalling and RS needs to be careful considered, when choosing the supported short TTI length among 0.5ms, 3/4, 2 and 1 OFDM symbol.
3. Discussion on HARQ timing design for reduced TTI
Different TTI length may involve different designs for TDD and FDD, which is especially true for the HARQ timing design. In the SID [1], it is suggested to consider both FDD and TDD duplex modes, to make sure latency reduction services are supported in both TDD and FDD. Meanwhile, to make as much as commonality of specification design, it is proposed that the same TTI length shall be considered for both TDD and FDD. 
Proposal 2 : To serve latency reduction services in both TDD and FDD, and make as much as commonality of specification design, the same TTI length shall be considered for both TDD and FDD.
For FDD, the HARQ timing is relatively simple, since all DL are UL resources are available for transmission. For TDD, due to the discontinuous transmission of either DL or UL direction, the HARQ timing design is complicated than that of FDD. Specifically, the HARQ timing depends not only on the different UL/DL configurations, but also on different special subframe configurations. This indicates that the HARQ timing needs to be designed separately for different TDD UL/DL configurations and special subframe configuration. One example of different special subframe configurations of TDD config.2 is shown in Fig.1. Supposing that there is one valid TTI within special subframes if the DwPTS is longer than 6 symbols, there will be one more DL TTI (TTI 3) for special subframe configuration 1/2/3/4/6/7/8 than 0/5/9 in every 5ms period.
Proposal 3 : For TDD, the HARQ timing needs to be designed separately for different TDD UL/DL configurations and special subframe configurations. 
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Fig.1 TTI partition of different special subframe configurations for TDD configuration 2 with 0.5ms TTI

To continue the HARQ timing design for each TDD configuration and special subframe configuration, basic design principles are preferred to be aligned. In the following, three design principles are proposed.
· Principle 1 (coverage first): The number of ACK/NACKs from different HARQ process to be multiplexed in one TTI shall be kept as less as possible. 
For robust transmission of ACK/NACKs, the number of ACK/NACKs from different HARQ process to be multiplexed in one TTI should be kept as less as possible. That is the allocation of ACK/NACK among downlink TTIs for uplink feedback or among uplink TTIs for downlink feedback should keep load balance within each RTT. Take downlink HARQ process as example, if two uplink TTIs, e.g., SF1, SF2, are considered as candidate for ACK/NACK transmission for HARQ process x and y, then it is naturally that SF1 for process x, SF2 for process y. Since allocating both ACK/NACKs from process x and y into SF1 may lead to poor ACK/NACK coverage.
· Principle 2 (latency second): under the condition of principle 1, it shall further consider the number of TTIs between data and its ACK/NACK transmission to be as less as possible.
The reason for principle 2 is to minimize the HARQ feedback delay. Latency first design may lead to quite a lot of A/Ns from different process to be multiplexed in the very first uplink TTI, which is contradicted to principle 1. Therefore, latency second principle is considered. Furthermore, it is naturally that between different HARQ processes, the earlier the data is being transmitted, the earlier the feedback should be conveyed.
· Principle 3: The timing relationship between data and HARQ-ACK transmission shall be TTI index specific.
One observation is that the HARQ process number may be larger than the available DL/UL TTIs in each frame periodicity, similar to Rel-8 HARQ design, the timing relation between data and HARQ-ACK transmission shall be TTI index specific. No matter which HARQ process it belongs, the data transmitted in the same TTI index should be feedback on the same feedback TTI index.
In addition, the processing time, which means the maximum time duration for a UE/eNB transmit A/N feedback after receiving the data, can be considered to linearly scale down according to the length of TTI. Fig.2 gives an example for 0.5ms TTI, supposed that the processing delay are linearly scaled down according to TTI length.  It can be seen that TTI # 14 and 15 are candidate feedback occurrences for HARQ process 2,3,4,5,6,7,8. According to coverage principle (principle 1) and latency principle (principle 2), TTI #14 is picked up for HARQ process 2,3,4,5 and TTI # 15 is picked up for HARQ process 6,7,8. 
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Fig.2 HARQ timing example for 0.5ms TTI
Proposal 4: The HARQ timing design of short TTI for TDD is suggested to be based on the following principles,
· Principle 1 (coverage first): The number of ACK/NACKs from different HARQ process to be multiplexed in one TTI shall be kept as less as possible. 
· Principle 2 (latency second): under the condition of principle 1, it shall further consider the number of TTIs between data and its ACK/NACK transmission to be as less as possible.
· Principle 3: The timing relationship between data and HARQ-ACK transmission shall be TTI index specific.
4. Conclusions
In this contribution, we provided some analysis on pros and cons for different short TTI lengths, and discussed the design principles for HARQ timing design for latency reduction. The following proposals are made:
Proposal 1 : The tradeoff among the standard effort, the latency reduction gain and the overhead that potentially be introduced by control signalling and RS needs to be careful considered, when choosing the supported short TTI length among 0.5ms, 3/4, 2 and 1 OFDM symbol.

Proposal 2 : To serve latency reduction services in both TDD and FDD, and make as much as commonality of specification design, the same TTI length shall be considered for both TDD and FDD.
Proposal 3 : For TDD, the HARQ timing needs to be designed separately for different TDD UL/DL configurations and special subframe configurations. 
Proposal 4: The HARQ timing design of short TTI for TDD is suggested to be based on the following principles,
· Principle 1 (coverage first): The number of ACK/NACKs from different HARQ process to be multiplexed in one TTI shall be kept as less as possible. 
· Principle 2 (latency second): under the condition of principle 1, it shall further consider the number of TTIs between data and its ACK/NACK transmission to be as less as possible.

· Principle 3: The timing relationship between data and HARQ-ACK transmission shall be TTI index specific.
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