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1. Introduction
In RAN1#86, the followings are agreed. 
Agreements:
· For slot-based scheduling, NR specification should support the following

· DL data reception in slot N and corresponding acknowledgment in slot N+K1

· All UEs should support K1≥1 with exact values for K1 FFS

· Some UEs may support K1=0 (FFS conditions)

· UL assignment in slot N and corresponding uplink data transmission in slot N+K2

· All UEs should support K2≥1 with exact values for K2 FFS

· Some UEs may support K2=0 (FFS conditions)

In this contribution, we discuss some techniques to reduce K1 and K2 where K1 and K2 are larger than 0. 
2. Discussion

2.1. Discussion on control decoding time

To reduce control decoding time, reduction of blind decoding candidates can be considered. This approach, however, may lead blocking issue, and less scheduling flexibility. Thus, it may be used with small number of UEs. Another approach is to allow “faster” decoding/encoding for data scheduled by early control candidates. For example, a UE can start processing of data as quickly as it decodes the control channel even before end of the control region. If this is assumed, data requiring lower latency may be processed quicker than others if control for the target data can be placed in the early candidates of search space compared to others. In other words, depending on candidate or OFDM symbol location where control is transmitted, processing budget can be different or processing may start in different time. This can be applied to all range of K1 and K2. Figure 2 show examples of DL/UL HARQ operations when the above-mentioned approach is adopted for K1, K2 >0. 
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(a) DL/UL scheduling DCI transmission on the DL control channel candidate with first decoding order
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(b) DL/UL scheduling DCI transmission on the DL control channel candidate with last decoding order 

Figure 1. Example of potential HARQ latency reduction

In terms of determining “first decoding order” or “last decoding order” shown in Figure 1, multiple approaches can be considered. One is to assume early candidates as first decoding order. Another example is to assume early OFDM symbol as first decoding order. 
Proposal 1: For reducing control decoding latency, place lower latency data’s control (e.g., UL grant for URLLC PUSCH) in the early candidates of search space or in early OFDM symbol(s). 
2.2. 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 as illustrated in Figure 2. 
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Figure 2. Uplink slot/subframe boundary shift example
For example, if processing budget is at least 0.5 slot to transmit HARQ-ACK since the end of PDSCH transmission, K1 becomes 1 and HARQ-ACK may be transmitted in the last part of the second slot. If this is adopted, the latency becomes 2 slots from the beginning of control transmission. If uplink slot can be shifted 0.5 slot, then HARQ-ACK transmission can occur in the beginning of second slot, and the latency from the control to HARQ-ACK becomes 1.5 slot. 
Proposal 2: For low latency applications with K1 >0, consider shifting UL slot boundary to further minimize latency.
3. Conclusions

This contribution proposes the followings. 
Proposal 1: For reducing control decoding latency, place lower latency data’s control (e.g., UL grant for URLLC PUSCH) in the early candidates of search space or in early OFDM symbol(s). 
Proposal 2: For low latency applications with K1 >0, consider shifting UL slot boundary to further minimize latency.
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