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1. Introduction
In RAN1#86 [1], the followings were observed. 
Observations:

· At least followings are potentially identified as mean to realize the short processing delay and RAN1 will continue to study it

· Frequency-first and time-second mapping

· Code block segmentation that facilitates symbol-by-symbol processing

· Reduce symbol durations

· DL assignment and UL grant before and/or at the beginning of its scheduled data duration

· TBS restriction
· Timing advanced restriction

· Channel coding

· Front loaded RS mapping for control channel

· Grant free transmission

In this contribution, we discuss further details on processing time and HARQ-ACK process. 

2. Discussion

2.1. Processing time 

Overall, the procedure of data reception and uplink transmission can be as shown in Figure 1. 
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Figure 1. Illustration of Downlink and Uplink Data Handling
2.1.1. Determination of X
Though it is simplified, based on parallel decoding capability, X – the duration between the end of downlink data transmission to the start of corresponding HARQ-ACK transmission, contains at least decoding latency, A/N encoding/mapping latency and timing advance. In terms of A/N encoding/mapping, processing time may be reduced by simplifying HARQ-ACK transmission procedure (such as HARQ-ACK resource determination, combining with CSI, etc), the minimum latency of A/N encoding time would be independent of numerology or OFDM symbol duration. For timing advance, for fast processing, certain restriction on maximum TA (e.g., TA = 0) can be considered. Data decoding part on the other hand can be variable depending on the size of code block. The minimum decoding latency could be decoding latency of last code block as the decoding of the last code block can start only after receiving the last code block. To reduce this latency, it is generally considerable to minimize code block size where decoding time of a CB can be smaller than the duration of a CB’s transmission. Overall, two approaches can be considered. One approach is to further segment a code block to multiple code blocks if the code block was going to be mapped over many OFDM symbols (i.e., transmission time of a CB is large and thus minimize the parallel process between CB reading and decoding). The other approach is to use decoder which uses smaller code block for example TBCC. 
2.1.2. Determination of Y

In determining Y, though the delay can be affected if CSI is accompanied or other UCI piggybacking is employed or other report such as PHR is embedded, when simple data transmission is considered, two components are mostly considered. One is the latency of control channel decoding and the other is the uplink data encoding latency. As encoding time of uplink data can be generally decreased with TBS, to reduce Y, reduction of maximum TBS can be considered. For control decoding, as channel estimation and decoding need to occur, to reduce the latency, it is also considerable to reduce frequency regions to perform channel estimation (e.g., localized control channel transmission). 

2.1.3. Determination of Z

To minimize the retransmission, it is desirable to schedule retransmission data immediately once NACK is received. Furthermore, to minimize the frame alignment latency, it is considerable to allow a gap between the end of NACK transmission to the start of next subframe to transmit retransmission. 

2.2. Discussion on same-subframe HARQ-ACK/UL data transmission

With techniques mentioned in Sec. 2.1., the latency of X, Y, and Z can be reduced, which could possibly allow downlink data and corresponding HARQ-ACK transmission and UL grant and corresponding PUSCH in the same subframe depending on the OFDM symbol duration/subframe length. However, to reduce the latency, the efficiency of resource utilization can be degraded. For example, if smaller CB is used, coding gain can be reduced compared to larger CB case depending on decoder. Moreover, to reduce the latency, it becomes challenging to perform high layer data transmission which can reduce the overall data size/rate. More importantly, interlacing between different HARQ-processes becomes challenging, and thus, the resource during latency X or Y can be wasted. For example, durations not used for downlink or uplink in a subframe will be treated as if guard period, and may degrade the overall user throughput. In this sense, minimizing latency X, Y, and Z can be effective for application/packets requiring low latency, yet, this will degrade applications requiring high data rate without too strict latency constraints. Furthermore, to allow fast decoding, data mapping would be done in frequency-first and time-second principle which can also degrade the performance and does not allow efficient data mapping to handle short term interference. For example, when eMBB and URLLC data is multiplexed where URLLC traffic may occur with high power over short time period, short-term interference fluctuation can occur on eMBB data which can be mitigated by time-first mapping. Based on the above observations, we propose the followings. 
Proposal 1: Design to lower latency X, Y, Z to allow same-subframe HARQ-ACK feedback should target URLLC usage scenarios. 

Proposal 2: For better user throughput, HARQ-ACK transmission in different subframe from downlink data transmission subframe, which allows interlaced HARQ processes, should be a baseline. 

2.3. Minimizing HARQ-ACK latency

In the subframe/slot structure, to minimize the latency between data and the corresponding HARQ-ACK timing (which may not be possible to send within the same subframe/slot) or between UL grant and data, it is also considerable to have “staggered” uplink subframe/slot boundary compared to downlink subframe/slot boundary in FDD. For example, uplink subframe/slot can be shifted 0.5 * subframe/slot to reduce 0.5 * subframe/slot duration HARQ-ACK/UL data transmission latency. 

2.4. Indication of HARQ-ACK or UL data transmission timing
As discussed, by reducing latency X and Y, it could be possible that HARQ-ACK or PUSCH can be transmitted within a subframe where data is transmitted or UL grant is transmitted. When HARQ-ACK or UL data is transmitted in the same subframe, the start timing of each transmission can be implicitly determined or explicitly determined. If implicit determination is considered, the starting timing of each transmission is assumed to be fixed relatively to the end of data or UL grant transmission (i.e., same as X or Y) or fixed absolutely e.g., HARQ-ACK transmission in the last OFDM symbol (if single symbol transmission is assumed) and UL data transmission ends at the second last OFDM symbol in the subframe. When implicit mapping is considered, whether X or Y is always fixed or variable for example depending on TBS needs further investigation. For better multiplexing or utilization of subframe, it is also considerable to explicitly indicate the starting time of each transmission. 
Regardless of signaling mechanism, the mechanism to switch between two modes: HARQ-ACK timing within a subframe vs. HARQ-ACK timing across subframes, should be also considered. 

Proposal 3: Details on HARQ-ACK timing and UL data transmission timing with very low X and Y should be further investigated. 

Proposal 4: Mechanisms to allow very fast transmission (i.e., next subframe) on downlink data transmission should be supported for example by allowing HARQ-ACK transmission finished before end of the subframe. 
3. Conclusion

We discussed minimum processing timing between channels, and proposed the followings. 
Proposal 1: Design to lower latency X, Y, Z to allow same-subframe HARQ-ACK feedback should target URLLC usage scenarios. 

Proposal 2: For better user throughput, HARQ-ACK transmission in different subframe from downlink data transmission subframe, which allows interlaced HARQ processes, should be a baseline. 

Proposal 3: Details on HARQ-ACK timing and UL data transmission timing with very low X and Y should be further investigated. 

Proposal 4: Mechanisms to allow very fast transmission (i.e., next subframe) on downlink data transmission should be supported for example by allowing HARQ-ACK transmission finished before end of the subframe. 
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