
3GPP TSG RAN WG1 NR Ad-Hoc#2

R1-1710167
Qingdao, P.R. China 27th – 30th June 2017
Source:
Guangdong OPPO Mobile Telecom
Title:
HARQ for uplink grant-free transmission
Agenda Item:
5.1.3.3.3
Document for:
Discussion and Decision

1. Introduction

In RAN1 #89, uplink grant-free transmission was discussed with the following agreement:
Agreements:
· If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signalling 
· If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied
· RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.

In this contribution, we discuss the HARQ for uplink grant-free transmission.
2. Discussion
In LTE, one UE transmits uplink data according to the eNB scheduling, and the data will be retransmitted when NACK is detected by the UE. ACK/NACK for the uplink data is transmitted on PHICH, and the resource of PHICH is determined by the lowest PRB used to transmit the uplink data, i.e. the resource used to transmit ACK/NACK is implicitly indicated by the uplink grant.
In NR, “At least asynchronous and adaptive HARQ is supported for eMBB”. Therefore, the explicit ACK/NACK is not needed for eMBB uplink data, and the retransmission is triggered by uplink grant. However, for uplink grant-free transmission, gNB cannot know the UE transmit data unless the data is correctly decoded, i.e. gNB can only transmit ACK for grant-free transmission. Hence, for grant-free transmission, gNB cannot trigger the uplink retransmission but can stop the retransmission, which is useful for improving the system efficiency and reducing the latency

Following approaches can be considered to indicate ACK for the uplink grant-free transmission:
· Approach 1: A dedicated sequence is used to indicate ACK with a fixed timing.
The sequence index and the used REs should be determined by some UE-specific parameter(s), such as UE ID, and/or semi-static parameter(s). Once a UE transmit a grant-free data, the UE can determine all of the resources used to transmit ACK without any information dynamically indicated by the gNB.
Furthermore, the timing between grant-free data and the sequence to indicate ACK should be fixed, in order to:

· Avoid the blind decoding of the sequence which leads to the detection performance degeneration.

· Reduce the probability of collision with the UEs transmit grant-free data in other slots/mini-slots.
· Approach 2: The uplink/downlink grant transmitted within a timing window is used to indicate ACK.
Once the gNB correctly receives a grant-free data from UE A, the gNB should transmit an uplink/downlink grant to UE A:
· If an uplink grant is received, UE A knows the grant-free data has been correctly received and new uplink date is scheduled. No dedicated information field need to be introduced to indicate ACK.

· If a downlink grant is used to indicate ACK for grant-free transmission, a dedicated information field is needed, since the uplink service and downlink service are usually independent.

A timing window can be introduced for this approach in order to avoid large latency caused by waiting ACK, but can also provide some scheduling flexibility to gNB, as shown in Fig.1.
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Fig.1 Approach 2
Comparing to approach 1, the advantage of approach 2 is no separated design and procedure are needed to support uplink grant-free transmission, which is beneficial to improve the system efficiency.
Proposal 1: Following approaches can be further studied to indicate ACK for the uplink grant-free transmission:
· Approach 1: A dedicated sequence is used to indicate ACK with a fixed timing.

· Approach 2: The uplink/downlink grant transmitted within a timing window is used to indicate ACK.
3. Conclusions
In this contribution, we discuss the HARQ for uplink grant-free transmission with the following proposal:
Proposal 1: Following approaches can be further studied to indicate ACK for the uplink grant-free transmission:
· Approach 1: A dedicated sequence is used to indicate ACK with a fixed timing.

· Approach 2: The uplink/downlink grant transmitted within a timing window is used to indicate ACK.
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