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1 Introduction

In RAN#67, the study item on latency reduction was approved [1]. RAN1 has been studying TTI shortening and reduced processing time for latency reduction. It turns out that the performance gain of TTI shortening mainly comes from reduction of UL access delay and HARQ RTT [2]-[4]. So far, RAN1 and RAN2 in TTI shortening basically have assumed UL access delay and HARQ RTT reduced proportionally to the length of short TTI. Therefore, an important issue is how to make the reduced UL access delay and HARQ RTT feasible. For that, RAN1 needs to consider the specification impacts for the processing time reduction at eNB and UE sides. 

In this contribution, we discuss how to reduce the processing time for short TTI. 
2 Discussions 
Processing time of eNB and UE


To reduce HARQ RTT and UL access delay, processing time of eNB and UE needs to be shortened for DL and UL transmission. Since the processing time may vary a lot depending on each company’s implementation, in this section, we briefly study the processing time of the eNB and UE. 
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Figure 1: Time consumption of each eNB and UE step in DL transmission

So far, the HARQ RTT reduced proportionally to the TTI length is basically considered in the evaluation during this study item, i.e., for instance, 1-symbol TTI has 8 OFDM symbols for HARQ RTT while subframe TTI has 8 ms for HARQ RTT. In Figure 1, time consumption of eNB and UE procedure is illustrated for DL transmission. In the UE side, Turbo decoding is the most time-consuming part after PDSCH reception, where the required time for Turbo decoding is proportional to the length of the codeword. The DL control channel can be classified in either PDCCH-type or EPDCCH-type in that PDCCH-type uses TDM for control and data while EPDCCH-type uses FDM. Since PDCCH-type is considered in Figure 1, the decoding for DL control channel can begin before the end of the corresponding TTI. In the eNB side, after receiving PUCCH (or PUSCH) having HARQ ACK/NACK information, the eNB performs several steps shown in Figure 1. Like Turbo decoding, Turbo encoding for PDSCH may also take time proportionally to the length of the codeword. 


However, there are other parts in UE and eNB processing that requires time not depending on the TTI length unlike Turbo encoding and decoding. Therefore, it seems not feasible to have 8 TTIs as HARQ RTT for a very short TTI, for example, 1-symbol TTI. So, RAN1 needs to study the feasibility of HARQ RTT for each short TTI and needs to evaluate the performance with the HARQ RTT for given TTI length.


Figure 2 illustrates time consumption of eNB and UE procedure for UL transmission. Similar to DL transmission, Turbo decoding is the main processing part for the eNB, which is linearly proportional to the length of the codeword. In the UE side, the DL control information for UL scheduling can be transmitted by using either PDCCH-type or EPDCCH-type. For the UE to meet the required processing time, a faster decoder for DL control channel is needed for EPDCCH-type.
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Figure 2: Time consumption of each UE and eNB step in UL transmission
Observation 1: EPDCCH-type control channel consumes more processing time than PDCCH-type control channel.

Observation 2: RAN1 needs to study the feasibility of HARQ RTT for each short TTI and needs to evaluate the performance with the HARQ RTT for given TTI length.
Asynchronous UL HARQ support


When asynchronous UL HARQ is introduced, the UE will make a decision whether it needs retransmission or not after decoding of sPDCCH. Decoding blindly DCI for retransmission may be a quite time-consuming operation compared to decoding a PHICH-type HARQ ACK/NACK feedback channel. So, it means that asynchronous UL HARQ may give processing burden to the UE. 


The case of getting benefit from the faster retransmission of UL grant would be only 10% because HARQ retransmission normally happens about 10% of initial transmissions. Even though some eNB can transmit UL grant for retransmission faster in asynchronous UL HARQ than in synchronous UL HARQ, real latency performance gain needs to be checked by SLS. Since DL control overhead would be increased in asynchronous UL HARQ, performance comparison seems essential to decide whether asynchronous UL HARQ is supported for short TTI.
Observation 3: Decoding blindly DCI for retransmission may be a quite time-consuming operation compared to decoding a PHICH-type HARQ ACK/NACK feedback channel.
Observation 4: Asynchronous UL HARQ may give processing burden to the UE.
Observation 5: Since DL control overhead would be increased in asynchronous UL HARQ, performance comparison seems essential to decide whether asynchronous UL HARQ is supported for short TTI.
3 Conclusions
In this contribution, we studied eNB and UE processing time for short TTI transmission. It can be summarized as below.

Observation 1: EPDCCH-type control channel consumes more processing time than PDCCH-type control channel.
Observation 2: RAN1 needs to study the feasibility of HARQ RTT for each short TTI and needs to evaluate the performance with the HARQ RTT for given TTI length.
Observation 3: Decoding blindly DCI for retransmission may be a quite time-consuming operation compared to decoding a PHICH-type HARQ ACK/NACK feedback channel.
Observation 4: Asynchronous UL HARQ may give processing burden to the UE.
Observation 5: Since DL control overhead would be increased in asynchronous UL HARQ, performance comparison seems essential to decide whether asynchronous UL HARQ is supported for short TTI.
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