3GPP TSG RAN WG1 meeting #86bis                      R1-1609282
Lisbon, Portugal 10th - 14th October 2016
Agenda Item:
8.1.7.2
Source: 
LG Electronics

Title: 
Discussion on HARQ latency reduction for NR
Document for:
Discussion and decision
1. Introduction

In RAN #71 meeting [1], study item on new radio (NR) access technology was approved. In this contribution, we address a possible solution to achieve HARQ latency reduction for NR and also provide further consideration points. 
2. Discussion
In the existing LTE system, the DL/UL HARQ timeline was designed with consideration for the worst case that a UE detects a DCI by performing the maximum number of blind decoding attempts (on PDCCH candidates) in the search space. In the NR system, on the other hand, since the new service type with shorter latency requirement (e.g., URLLC) is to be considered, it is necessary to investigate mechanisms which can reduce the DL/UL HARQ timeline (compared to that of existing LTE system) by decreasing the latency e.g., between “the timing to detect DL/UL scheduling DCI” (i.e., DCI detecting timing) and “the timing to start decoding/encoding of corresponding scheduled DL/UL data” (i.e., data coding timing). 
One simple solution is to reduce the number of blind decoding attempts for the DCI detection, but it can cause the increment of control blocking probability and the decrement of control resource flexibility. As another possible solution, the following UE behaviour with two steps below can be considered. To be specific, this solution can reduce the latency between “DCI detecting timing” and “data coding timing”. This kind of latency reduction can also finally lead the HARQ latency reduction e.g., from DL (or UL) scheduling grant reception to HARQ-ACK feedback transmission corresponding to scheduled DL data (or scheduled UL data transmission). 
· Step 1: A UE begins to perform the blind decoding attempts according to the predefined decoding order among DL control channel candidates.

· Step 2: During Step 1, when the UE detects DL/UL scheduling DCI, it starts to decode/encode the DL/UL data scheduled by the detected DCI.

When the above-mentioned approach is applied, it is desirable that the DCI used for scheduling of the data requiring shorter latency is transmitted on a DL control channel candidate with faster decoding order. Here, for example, the DL control channel candidate with faster decoding order can be located in the symbol with relatively lower index. The following figures show examples of DL/UL HARQ operations when the above-mentioned approach is adopted. It would be expected that the HARQ timeline can be reduced by ensuring an early decoding/encoding of the scheduled DL/UL data, when the corresponding DL/UL scheduling DCI is transmitted on the DL control channel candidate with faster decoding order.
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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
Regarding this approach, the following consideration points need to be further investigated:
· Achievable HARQ latency reduction level (e.g., X usec or Y symbols) by applying this approach.
· Overall achievable HARQ latency reduction based on combination of this approach and other factors (e.g., TBS) affecting the processing time in UE side
Proposal: Consider potential HARQ latency reduction by reducing the latency between “the timing to detect DL/UL scheduling DCI” and “the timing to start decoding/encoding of the corresponding scheduled DL/UL data” for NR. 

3. Conclusion
In this contribution, we discussed a possible solution to achieve HARQ latency reduction for NR and consideration points needed to be further investigated, and the following is proposed:
Proposal: Consider potential HARQ latency reduction by reducing the latency between “the timing to detect DL/UL scheduling DCI” and “the timing to start decoding/encoding of the corresponding scheduled DL/UL data” for NR. 
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