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1 Introduction
In RAN1#86bis, the following agreement was reached on URLLC HARQ. 
Agreements:
· Study how to meet RAN requirements on latency and reliability using at least one HARQ retransmission for DL data and UL data

· Further study TTI duration and achievable latency based on at least one retransmission

· Further study details of HARQ operation in DL and UL taking into account reliability of overall HARQ signaling procedure (control, data and feedback channels)
· This does not preclude studying single transmission to meet the RAN requirements on latency and reliability
In RAN1#87, the following agreement was reached on support of UL grant-free transmission for URLLC. 
Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 

· FFS: resource configuration details

· FFS other details of design

In this contribution, we discuss UL HARQ scheme for URLLC.
2 Discussion
URLLC services target extremely high reliability with low latency. It is challenging to meet the reliability requirement with single transmission while it is well-known that HARQ can improve reliability by multiple transmissions. Especially for UL, it was agreed to support grant-free transmission. Depending on time-frequency resource configuration, collision may happen when multiple UEs initiate UL grant-free transmission at the same time if the UEs are configured with same time-frequency resources [1] leading to performance degradation. HARQ is essential to improve the reliability in order to meet the requirement. Therefore, it is proposed to support UL HARQ for URLLC.
Proposal 1: UL HARQ is supported for URLLC.

In LTE, the UL HARQ retransmission is triggered based on eNB feedback. The feedback includes group-based HARQ-ACK on PHICH and/or UE-specific on DCI. For URLLC, similar mechanism, i.e. group-based and UE-specific feedback mechanism can be considered. However, it is noted that processing time is needed for both eNB and UE for legacy HARQ retransmission scheme. Depending on other aspects of URLLC design, it is possible that the RTT may exceed the delay budget so that retransmission cannot be supported. Therefore, it is proposed to consider UE autonomous retransmission if needed. Furthermore, UE can dynamically switch between HARQ retransmission based on gNB feedback and UE autonomous retransmission.

For example, assuming the UE is pre-configured with semi-static periodic time-frequency resources as illustrated in Figure 1 and UE initiated transmission on time-frequency resources from T0 to T1. If UE receives feedback before T2, UE determines if HARQ retransmission is triggered based on gNB feedback. Otherwise if UE does not receive feedback before T2, UE autonomously retransmit on time-frequency resources pre-configured by gNB from T3 to T4.
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Figure 1: Illustration of switching between HARQ retransmission based on gNB feedback

 and UE autonomous retransmission
Proposal 2: UL HARQ retransmission is triggered based on gNB feedback.
Proposal 3: In case a UE does not receive feedback X us before the resources available for retransmission, the UE may autonomously retransmit on the time-frequency resources pre-configured by gNB within delay budget.
For UL grant-free transmission, at least the initial transmission is grant-free. For retransmission(s) based on gNB feedback, there are several options as listed below.
· Option 1: Retransmission is always grant based
· Option 2: Retransmission is always grant free
· Option 3: Retransmission is grant-based or grant-free based on gNB feedback/scheduling
For option 1, the gNB would allocate at least time-frequency resources to the UE for retransmission. The advantage of this option is that gNB can allocate dedicated time-frequency resources to the UE to avoid potential collision and to support adaptive HARQ retransmission. The gNB feedback is expected to be UE-specific, similar like DCI in LTE.
For option 2, the retransmission(s) occur on pre-configured time-frequency resources without grant. Group-based HARQ-ACK feedback can be considered to minimize the feedback overhead.

Option 3 is the combination of option 1 and 2. The intention is to maximize flexibility of retransmission scheduling and to minimize the feedback overhead at the same time. For this option, 2-stage feedback is used. First stage feedback is a group-based feedback indicating HARQ-ACK of multiple UEs and the presence of second stage feedback for each UE. The second stage feedback is a UE-specific scheduling info for retransmission.
Proposal 4: Discuss and decide the UL retransmission scheme triggered based on gNB feedback.
Given that the time-frequency resources for UL grant-free transmission is limited while the packet size is variable, it is possible that the pre-configured time-frequency resources cannot accommodate the data to be transmitted. Although higher layer segmentation can be used, the delay is increased accordingly which is not suitable for delay sensitive services. It is proposed that BSR is conveyed together with the first packet using grant-free transmission so that it is possible for gNB to provide a grant-based UL transmission for the remaining data transmission.
Proposal 5: BSR is conveyed together with the first packet using grant-free transmission.
3 Conclusion

In this contribution, we discuss UL HARQ scheme for URLLC with the following proposals.

Proposal 1: UL HARQ is supported for URLLC.

Proposal 2: UL HARQ retransmission is triggered based on gNB feedback.

Proposal 3: In case a UE does not receive feedback X us before the resources available for retransmission, the UE may autonomously retransmit on the time-frequency resources pre-configured by gNB within delay budget.

Proposal 4: Discuss and decide the UL retransmission scheme triggered based on gNB feedback.
Proposal 5: BSR is conveyed together with the first packet using grant-free transmission.
4 References
[1]. R1-1700206, “UL grant-free transmission for URLLC”, CATT
_1543839933.vsd
X us


T0


T1


T2


T3


T4



