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1. Introduction

The study item for latency reduction technique for LTE has been agreed in RAN plenary meeting #69 with RAN WG2 being the WI leader. The initial study objective is [1]

· 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);
The method of prescheduling has been extensively discussed in RAN 2 [2]. By scheduling UL grant more frequently, or configuring SPS with a short period, coupled with UL transmission skipping, the latency for UL transmission can be reduced. In this contribution, we explain that the UL HARQ is not functional with UL transmission skipping, and propose a few solutions. 
2. Discussions
The technique of latency reduction has been agreed as a study item for enhancing the user experience of LTE-Advanced systems in RAN plenary meeting #69. By shortening the transmission time interval (TTI) from 1 ms to less than 0.5 ms, the round-trip time, and thus the throughput is expected to improve. Since there will be increased overhead for control signaling in the physical layer, the degree of the improvement on the ultimate throughput is not all clear. It has been shown that even with a one OFDM symbol TTI, thus greatly increased control signaling overhead, the user perceived throughput still improves relative to the legacy system in certain cases [3].
In addition to directly shortening the TTI, it has been noted that another major factor which contributes to the UL transmission latency is the time for the UE to wait for a scheduling request (SR) opportunity, transmit the SR, and then finally receive the UL grant. To get around this issue, the concept of prescheduling by transmitting UL grant frequently to a UE without knowledge of its buffer status, or configuring UL SPS with a period shorter than 10 ms have been proposed and thoroughly studied in RAN 2. It does not come as a surprise that by employing prescheduling, the UL transmission latency can be greatly reduced. The only problem is the UE is required to perform UL transmission each time an UL grant is received or an SPS transmission opportunity occurs even if it has no UL data to transmit. This is done by padding or send the buffer status report (BSR). Such a behavior consumes a lot of UE power, especially if a 1 ms SPS is configured. 
UL transmission skipping is proposed as a workaround to the above mentioned problem. The idea is to allow the UE to skip an UL transmission when an UL grant is received or an SPS transmission opportunity occurs in the case that it has no data to transmit. Such a behaviour renders the eNB unable to distinguish between a skipped UL transmission from an actual UL transmission that fails decoding. In effect, with UL transmission skipping, the eNB is performing blind decoding in the sense that the UL transmission is unpredictable and the eNB can only rely on the error checking mechanism. As the eNB is unable to distinguish between a skipped UL transmission from an actual UL transmission that fails decoding, it cannot perform UL HARQ, i.e., buffering a failed UL transmission and combining with a later retransmission, as the eNB could potentially buffers an interference signal which also fails decoding.
In theory, the eNB could still apply HARQ by blindly testing all possibilities. The increased complexity could be a major issue for the eNB if the maximum possible retransmission attempt is high. For a maximum possible retransmission attempt of four, the eNB has to perform at most four decoding attempt hypothesizing every possible RV. Alternatively, an auxiliary signal could be transmitted by the UE along with the UL transmission to help the eNB reduce decoding complexity. For example, a new data indicator (NDI) could be sent by the UE to indicate new transmission or retransmission; even a RV index could be sent to indicate further details. It should be noted that, however, the eNB still will have to blindly decode the received UL transmissions if the NDI and RV are not protected by CRC. To further lower the eNB decoding complexity, a full-fledged control channel protected with CRC could be transmitted by the UE autonomously along with the UL transmissions, much like the relationship between legacy PDCCH and PDSCH. How and to what extent such a control channel can be designed to aid the eNB performing UL HARQ is worth investigating. Accordingly, we propose
Proposal 1: Consider transmit an autonomous control signal by the UE along with PUSCH for latency reduction with UL transmission skipping.
3. Conclusions
In this contribution, we have discussed prescheduling with UL transmission skipping for UL latency reduction. We have explained that the UL HARQ is not functional with UL transmission skipping, and have made the following proposal:
Proposal 1: Consider transmit an autonomous control signal by the UE along with PUSCH for latency reduction with UL transmission skipping.
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