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1. Introduction

The WI on shortened TTI and processing time has been agreed in RAN #72 [1]. One of the objectives is listed as

For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation: [RAN1, RAN2, RAN4] (until RAN1#88)

· Specify support for a reduced minimum timing compared to legacy operation according to [2] between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design [RAN1, RAN2]
· This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes. 
· Specify support for a reduced maximum TA to enable processing time reductions

· Note that the size of the reduction in minimum timing may be different between UL and DL cases.

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

· Study and specify, if agreed by RAN1, asynchronous HARQ for PUSCH with reduced processing time [RAN1, RAN2]
As described in the objectives, a reduced timing is to be defined for the legacy 1 ms TTI. In this contribution we propose a technique by which a HARQ feedback can be sent from the UE to eNB, or vice versa, with a reduced timing. A retransmission can then be scheduled in a more timely manner.
2. Discussions
The subject of latency reduction has been studied since RAN1 #83. Initially, the main objective is to study and standardize a shortened TTI of one slot or even a few OFDM symbols. Much effort has been made to study viable solutions and narrow down the design options; compromises have also been made. RAN 1 finally suggests to specify support for 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH; 2 symbol, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH [2]. In RAN #72, the work item on shortened TTI and processing time has been approved [1]. The sTTI lengths recommended by RAN1 are captured in the associated WID. In addition, a reduced minimum HARQ timing for 1 ms TTI operation is also included as the objective. 

The minimum HARQ timing for nearly all cases in LTE since Rel-8 has been specified to be 4 ms, e.g., the HARQ feedback associated with a PDSCH in subframe n is transmitted in subframe n+4; PUSCH scheduled by an UL grant in subframe n is transmitted in subframe n+4. At the UE side, such a 4 ms timing accommodates both the UE timing advance (TA) and the UE processing time of the related physical signals. At the eNB side, the same minimum timing is adopted to both simplify the system design, and to account for the fact that eNB has to serve and process signals for multiple UEs. All else being equal, with improved IC design, and therefore improved UE/eNB processing capabilities, the minimum timing can already be revisited. However, as elaborated below, in certain cases the HARQ feedback timing can be reduced even without an advanced receiver. 
The HARQ scheme for data channels in LTE have been Turbo codes with incremental redundancy. Turbo code is referred to as capacity achieving code, due to its excellent error correction capability, which is very close to the Shannon limit with a gap as small as a few tens of 1 dB [3]. Ideally, there is a clear distinction between the operating and non-operating regions in capacity achieving codes. In turbo codes this is characterized by the so-called waterfall region, after which a properly constructed codeword, e.g., large block size, ideal interleaver, optimized constraint length and transfer function, is nearly error-free. Going towards lower SNR, the error performance in the waterfall region deteriorates very rapidly, finally converging to a block error rate (BLER) of 100%.

For capacity achieving codes, HARQ is not necessary in a static or very slowly varying (quasi-static) channel, as long as the transmitter adjusts to the channel state such that the received SNR falls into the supposedly operating region. For typical cellular communications, however, the channel state at the transmit side (CSIT) is either imperfect, or outdated at the time the data arrives at the receiver. In this case a more conservative transmission scheme, e.g., lower transmit power or lower rate, has to be used to avoid excessive transmission errors due to the unpredictability of the wireless channel. HARQ is a technique that allows the use of a more aggressive transmission scheme by fixing transmission errors afterwards in an efficient manner. In LTE, a relatively high BLER of 10% is targeted to allow a more aggressive MCS. The blocks that failed decoding are then fixed using HARQ with a target residual BLER of around 1%. 
The MCS, i.e., the target spectral efficiency, selected by the eNB is based on the CQI feedback from the UE. A target BLER of 10% can be conceptually perceived as letting the received SNR at the UE fall into the operating region with a probability of 0.9. As mentioned previously, errors are inevitable due to imprecise or outdated CSI at the eNB, as well as changing interference at the UE side. A transmission error is therefore fundamentally a mismatch between the transmission rate and the actual channel state experienced by the transmitted DL data block. Since the UE naturally has access to the actual channel state experienced by the transmitted PDSCH by performing channel estimation on the accompanying reference signals including CRS and/or DMRS, it is possible for the UE to infer the likelihood of correct decoding of the current transmission. A HARQ NACK can be transmitted to the eNB as soon as the UE finds that the received SNR cannot warrant a meaningful decoding. Such an approach achieves both a reduced timing, and a lower UE power consumption as decoding can be deferred until the retransmission arrives.
For example, in Fig. 1, the BLER for block sizes of 1000 and 2000 bits are plotted against the energy per bit over the noise power spectral density in AWGN. The MCS is assumed to be determined by the eNB as QPSK and code rate 1/3 based on previous CQI feedback. Ideally the received SNR should fall approximately into the region that SNR > 1.0 dB to achieve error-free delivery. The technique of HARQ allows the eNB to be a tad more aggressive and targets towards a lower SNR. An occasional fading dip or abrupt interference could then deteriorate the SNR to the extent that the codeblock is highly likely non-decodable, e.g., less than 0.1 dB. In this case, after a channel state measurement, the UE can simply skip decoding and transmit a HARQ NACK to the eNB to request a retransmission 
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Fig. 1. BLER of Turbo codes in AWGN with QPSK and rate 1/3.

For practical implementation, a cutoff SNR table can be constructed corresponding to each MCS. Whether a different cutoff SNR is needed for a TBS size beyond a certain threshold requires further assessment. As can be observed in Fig. 1, the error performance of Turbo codes does not differ too much as long as the information block length is long enough. In principle such a technique can be applied in both DL and UL directions, and in both FDD and TDD. It can also be applied to shortened TTIs. A timing example in FDD with 1 ms TTI is shown in Fig. 2. In subframe 0, a DL grant along with a PDSCH is scheduled for a particular UE. After a channel quality assessment by the UE in subframe 0, it finds that the signal strength is weak to the point that the PDSCH is highly likely non-decodable; it then skips decoding and transmits a HARQ NACK in subframe 1. The eNB then sends a retransmission assuming a +4 timing in subframe 5.
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Fig. 2. Example for a HARQ NACK with reduced timing.
Accordingly, we have the following proposal
Proposal 1: Study the possibility of a reducing timing for HARQ NACK.

3. Conclusions
In this contribution, we have discussed the status of the study on latency reduction. In addition to the possible timing reduction achievable by the processing power advancements, a technique by which a HARQ feedback message can be transmitted with a reduced timing is proposed. By allowing the UE to transmit an early feedback in the case of sufficiently weak received signal strength, the timing of HARQ NACK as well as the following retransmissions can be reduced. The UE power consumption is also saved. We thus have the following proposal
Proposal 1: Study the possibility of a reducing timing for HARQ NACK.
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