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1. Introduction

As new SI proposal [1] for Latency reduction techniques for LTE was approved in RAN #67, RAN2 has studied on the latency reduction techniques for LTE and RAN1 is scheduled to start the study on TTI shortening and reducing processing times from RAN1#83. Based on [1], RAN1 should 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 signalling while keeping backward compatibility. In this document, we mainly discuss on the evaluation methodologies for TTI shortening.  
2. Considerations for evaluation
TTI (Transmission Time Interval), processing (e.g. encoding and decoding) time and HARQ RTT are enumerated as a part of components contributing to the total end to end delay for connected UEs [2]. Since RTT (round-trip-time) from the data transmission to HARQ ACK reception is typically proportional to TTI length, it is expected that shortened TTI results in reduction of the RTT. In LTE system, HARQ RTT is usually 8ms under 1ms TTI in FDD UL and it may become 4ms with 0.5ms TTI if processing time can be linearly reduced as well. The various relationships between TTI size and the performance gain are evaluated and captured in [2]. Generally, it was observed that the performance gain with shorter TTI is not proportional and the gains are affected by many aspects such as FTP file size, system load, physical/higher layer overheads including control and RS, and so on[2]. As discussed in our companion contribution [3], supporting shorter TTI would have higher impact on UE complexity as well as on specification. Thus, overall, introduction of very short TTI should be carefully studied in terms of feasibility, complexity and specification impacts. For example, in terms of processing requirement to support very short TTI (e.g., 1 OFDM symbol), a UE receiver should finish encoding or decoding of control and data within one TTI (e.g., 1 OFDM symbol). In terms of the analysis of overall latency performance, the feasibility analysis to reduce processing time needs to be considered in consideration of UE complexity and capability. 
For the link level simulations, it should be evaluated latency gain and corresponding throughput gain from TTI shortening up to one OFDM symbol considering control overhead and reference signal design. In terms of control channel overhead, the size can vary depending on the supportability of MIMO. Thus, the performance of the combination of MIMO and TTI shortening should also be considered in the evaluation. Due to relatively higher RS and control overhead (less spectral efficient), reduction of latency may not always map to higher user throughput. And we suggest observe how much throughput gain can be achieved as TTI length is shortened in order to find an optimal/sub-optimal length of TTI. The impact of UE speed should also be assessed, in addition. 

Now that latency reduction techniques are not limited in a specific scenario, system level simulation should cover small cell and macro cell scenarios. TTI shortening may result in uplink coverage loss due to reduced size of PUCCH/PUSCH resources and slot-hopping may not be used, which possibly limits or affects downlink performance as well. Another aspect to consider is timing advance. With very short TTI size smaller than maximum timing advance value configurable to a UE may result that timing advance becomes additional latency in terms of the overall RTT. Therefore, TTI shortening to very small TTI may show some gain in a small cell scenario but it is not quite sure whether TTI shortening to very small TTI has much gain in a macro cell scenario. 
The main motivation of TTI shortening technique is to reduce RTT by enabling quick data scheduling and response to the scheduled data in a physical layer perspective however, in some environment this quick scheduling is not possible even with shortened TTIs. The latency reduction of RTT describe above by reducing TTI size can be achieved assuming all subframes are available for short TTI. In other words, short TTI can be placed consecutively. If this is not the case, for example, HARQ-ACK cannot be transmitted due to unavailable uplink subframe or PHICH cannot be transmitted due to unavailable downlink such as MBSFN or TDD UL/DL configuration, the average/overall latency may not be reduced considerably. Therefore, we propose to see the impact of MBSFN and TDD configuration on the performance of TTI shortening. 
It seems quite premature to perform a system level simulation for one or two OFDM symbol length TTI. There can be a lot of specification impact with one or two OFDM symbol length TTI with respect to control channel and reference signal design, which should be determined in prior. Therefore, we suggest to focus on 0.5ms short TTI for system level simulation with a priority.

Other system level simulation parameters are as follows: FTP traffic model should be evaluated on the system level simulation. Performance gain from TTI shortening can be apparently seen under FTP traffic with small file size, so we propose to evaluate the case with small file size less than 100 KB. In addition, expected gain may depends on the system load and it should be evaluated under different load situation, e.g. 40%, 60% and 90%. Furthermore, it is considered that the short TTI is designed such that the carrier where the short TTI is used can be accessed by a legacy UE which does not understand the short TTI frame structure, we have to examine impact on the legacy UEs performance with legacy UE percentage of 20%, 40% and 80%.

3. Conclusion
In this document, we provided our views on evaluation methodologies for TTI shortening as a latency reduction technique. We proposed as follows:

· The feasibility analysis to reduce processing time needs to be considered
· Tradeoff between reduced latency gain and achieved throughput gain is investigated.  
· System level simulation under small cell and macro cell scenarios is performed
· Impact of MBSFN and TDD configuration on the performance of TTI shortening is studied.  
· 0.5ms short TTI for system level simulation is focused with a priority.
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