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1 Introduction
Before the meeting, an email discussion is triggered to align high level PUSCH simulation assumptions [1]. During the email discussion, longer TTI is actively discussed and it could be considered for further study. In this contribution, we discussed two use cases of longer TTI for PUSCH: 1) longer TTI to support a smaller granularity than 1 PRB; 2) longer TTI to support a large TBS. Based on the discussion, some observations and proposals are made.
2 Discussion
Longer TTI to support a smaller granularity than 1 PRB
PSD boosting is an efficient solution to reduce the number of PUSCH repetitions. The simulation results of UL PSD boosting with a smaller granularity than 1 PRB are shown and analyzed in a companion contribution [2]. In the simulation, in order to fairly compare different levels of granularity, a transport block of a given TBS is mapped to a fixed number of REs, i.e. 12*12 REs for data mapping and 12*2 REs for DMRS mapping considering 1 PRB as baseline. For a granularity smaller than 1 PRB, the transport block is mapped to more SC-FDMA symbols. Thus, the TTI length for one transport block transmission can be extended with the one longer than the current 1ms TTI length. For example, for the granularity of 6 and 3 subcarriers, the transport block is mapped to 28 and 56 SC-FDMA symbols respectively. This means one repetition occupies two and four subframes respectively. The TTI length is extended to 2ms and 4ms respectively. Since the transport block is mapped to the same number of REs, the coding rates are the same for different granularities. The difference of turbo coding gain could be removed to objectively evaluate the performance of UL PSD boosting. As showed in the simulation results [2], the UL PSD boosting gain on reducing overall transmission time is up to 64%. In addition, UL PSD boosting can significantly improve cell capacity, e.g. up to 1021%. Considering these remarkable performance improvements, using a granularity less than 1 PRB seems to be promising for providing the efficient PUSCH repetition.
If UL PSD boosting with a smaller granularity can be adopted to reduce the overall transmission time, longer TTI may be a complementary technique to keep a moderate coding rate, especially for the case with only one or three subcarrier(s) for frequency resource allocation. For 104bits TBS corresponding to MCS=7, the coding rate is (104+24) / (3*12*2) = 1.78 for 1ms TTI. The ultra-high coding rate may not be efficient under an ultra-low working SINR assuming 15dB coverage enhancement. Longer TTI can be used to obtain a moderate coding rate, e.g., for 2ms and 4ms TTI, the coding rate is (104+24) / (3*12*2*2) = 0.89 and (104+24) / (3*12*4*2) = 0.44 respectively. Moreover, whether to use 2ms TTI or 4ms TTI for one TB transmission in this case may be more related to eNB implementation on link adaptation. For example, simulations could be used to evaluate which level of coding rate is more efficient for a given TB under a certain level of coverage gain. Accordingly, an optimal TTI length can be selected for transmission of the transport block.  
Observation #1: Longer TTI may be beneficial for PSD boosting with a resource granularity less than 1 PRB.
Longer TTI to support a large TBS
Assuming 1 PRB is allocated for PUSCH and only QPSK modulation is applied for low complexity UE in enhanced coverage, the highest TBS limited to  144bits corresponding to MCS=10. There is a large gap between 144bits and 1000bits which has been agreed as the maximum TBS for unicast transmission in last meeting. For delay tolerant MTC UE, it may be possible to segment a large packet into multiple small packets to match the supported maximum TBS. However, one disadvantage of the segmentation is to increase relative RLC/MAC/CRC overhead. Assuming 16bits RLC header, 8bits MAC header and 24 bits CRC length, the relative RLC/MAC/CRC overhead is (16+8+24) / (144+24) = 28.6% and (16+8+24) / (936+24) = 5% for 144bits TBS and 936bits TBS respectively. The relatively high RLC/MAC/CRC overhead may degrade the effective user data rate. In addition, under coverage enhancement, the transmission time of a large packet may be much less than the total transmission time of multiple small packets since overall transmission time is not linearly increased with TBS. Therefore, transmitting a large packet may be more efficient considering effective user data rate. Actually, this is also somehow verified by the SIB simulation results with one big SIB or multiple small SIBs.
Based on above analysis, we can see supporting a large TBS is very beneficial. If 1 PRB is assumed and only QPSK modulation is applied for the low complexity UE in enhanced coverage, longer TTI can be used to support a large TBS with relatively small control overhead. One simple method is to allocate more resources for PUSCH in time domain rather than in frequency domain. Of course, the allocated PRBs are contiguous in time domain. For example, a transport block with TBS=456bits corresponding to MCS=9 and 3 PRBs in current TBS table, can be mapped to 12 subcarriers (i.e., 1 PRB) and 42 SC-FDMA symbols (i.e. 3ms TTI). In this way, the transport block can be transmitted with the same coding rate as the current one. In the method, the existing TBS table can be directly reused and the TTI length depends on the number of allocated PRB(s) in time domain. If 6 PRBs are allocated in time domain, the TTI length will be 6ms, and the TBS will be 936bits corresponding to MCS=9, which is approximated to 1000 bits. So, possible TTI length is within 1~6ms and related to TBS, i.e., a small TBS may be mapped to a normal TTI and a large TBS may be mapped to a longer TTI. If a smaller granularity than 1 PRB is adopted, the TTI length can be extended more to support a TBS up to 1000bits. In TDD systems, TTI length may be much longer due to non-contiguous UL subframes, and more diverse for different UL-DL configurations.
Observation #2: Longer TTI can be used to support a large TBS with relatively smaller overhead from protocol headers.
Proposal #1: Longer TTI should be considered and possible specification impacts should be further studied.
3 Conclusion
In this contribution, we discussed some use cases of longer TTI, e.g. to support a smaller granularity than 1 PRB and a large TBS. Based on the discussion, we have following observations and proposals:   
Observation #1: Longer TTI may be beneficial for PSD boosting with a resource granularity less than 1 PRB.

Observation #2: Longer TTI can be used to support a large TBS with relatively smaller overhead from protocol headers.

Proposal #1: Longer TTI should be considered and possible specification impacts should be further studied.
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