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1. Introduction

    A new study item on latency reduction was agreed as following [1]:

· From RAN1#83: TTI shortening and reduced processing times [RAN1]:

· 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 this contribution, we provide our view on the impact of introducing a shorter TTI in the uplink direction.
2. Impact on PUSCH 

Reference signal
    Currently LTE uplink reference signal design only allows TDM between data symbol and reference signal to preserve the low PAPR property of reference signal. To keep the TDM based design, the reference signal overhead would become really significant, e.g. 50% in the case of 2 symbol-length TTI. For a 0.5 ms TTI, the current DMRS design can be reused. On the other hand, UL coverage reduction is already a concern for shorter TTI, so it is more pertinent to keep the low PAPR property. Therefore we think the TDM design can be kept for reference signal. If a TTI shorter than 0.5 ms is introduced, overhead reduction of reference signal can be considered, e.g. CDM of RS between UEs.
Proposal 1: Only support TDM between reference signal and data in the uplink direction. For 0.5 ms TTI, the current reference signal design is kept and a RS overhead reduction technic can be considered for an even shorter TTI.
Intra-TTI hopping
As discussed above, reference signal design is already challenging and overhead would also be concerned. Supporting intra-TTI hopping, would make the problem even serious, i.e. TDM of data and reference signal would not be possible for 2 symbol length TTI and LTE DMRS design cannot be reused for 0.5 ms TTI. Also, one side effect of introducing shorter TTI is fragmentation of resource and introduce sub-TTI hopping would make scheduling even complicated. Therefore, intra-TTI hopping should not be considered for shortened TTI. Loss of frequency diversity gain may be compensated by eNB scheduling or rely on inter-TTI hopping..
Proposal 2: Hopping within one TTI is not supported for shortened TTI.
TBS determination
    The resource available for PUSCH in a shortened TTI would be less comparing to that in ordinary TTI. Therefore, new way to determine TBS would be necessary. One possibility is to introduce new TBS table for shorter TTI considering finer scheduling granularity. The second possibility is to introduce a scaling factor for the PRB mapping when looking up the TBS table. The first alternative is more optimized for efficiency and finer TBS granularity can be introduced while required much more specification effort. The second alternative is simpler and has limited standard impact. Given the available resource would be quite constant in the uplink direction unlike downlink so that inefficiency introduced by the second alternative would be much less. Following this direction of introducing PRB scaling factor, enlarge the PRB scheduling granularity can also be considered to keep the same effective coding rate as the legacy system. Increasing PRB granularity, e.g. 2 PRB for 0.5ms TTI, also has the merit of reducing the control signalling overhead which is expected to be a more tough task in shortening the TTI length.
Proposal 3: RAN1 should consider how to determine TBS for shortened TTI, scaling the PRB number could be a starting point.
Proposal 4: Introducing new UL resource allocation granularity can be further discussed.
UCI multiplexing
    With the reduction of TTI length, multiplexing capability of UCI onto PUSCH needs to be re-examined. Even for the structure of 0.5 ms, multiplexing UCI may not be straight forward, as the available SC-FDMA symbols for HARQ-ACK or RI would be reduced to half of existing value. Of course, it can be argued that eNB can take this into account when scheduling resource to the UE so that the coding rate of UCI can be kept on a reasonable basis. On the other hand, RAN2 has agreed to introduce semi-persistent uplink grant to reduce end-to-end latency. Whether/how eNB need to take care of UCI multiplexing when scheduling the semi-persistent grant can be further considered.
Proposal 5: Whether to keep the current UCI multiplexing way can be further investigated.
3. Impact on PUCCH 

For PUCCH, the first question should be whether all the existing formats require latency reduction. For HARQ-ACK or SR, reducing the TTI length has clear benefit of reducing end-to-end delay or processing time. On the other hand, for CSI reporting, the benefit of reducing TTI is unclear, given the channel variation would not be severer for shorter TTI. Although it would be much simpler to introduce a single TTI length for PUCCH, there is also some side effect brought up by the shortened TTI, e.g. whether the shorter TTI is capable of carrying the existing payload size and the reduction of coverage. Therefore we think whether we would apply TTI shortening on all PUCCH format should be firstly discussed and the following work can be carried out.
Proposal 6: RAN1 should consider whether TTI shortening is apply to all PUCCH format or not.
4. Conclusion

In this contribution, we discuss the impact of shortened TTI in the uplink direction and have the following proposal:

Proposal 1: Only support TDM between reference signal and data in the uplink direction. For 0.5 ms TTI, the current reference signal design is kept and a RS overhead reduction technic can be considered for an even shorter TTI.
Proposal 2: Hopping with one TTI is not supported for shortened TTI.
Proposal 3: RAN1 should consider how to determine TBS for shortened TTI, scaling the PRB number could be a starting point.
Proposal 4: Introducing new UL resource allocation granularity can be further discussed.
Proposal 5: Whether to keep the current UCI multiplexing way can be further investigated.
Proposal 6:RAN1 should consider whether TTI shortening is apply to all PUCCH or not.
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