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Introduction
In the #85 RAN1 meetings [1], it was agreed that
· NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission.
In the #86 RAN1 meeting, it is agreed that
· Continue study at least the following: 
· Retransmission/repetition and potential combining, e.g. HARQ
HARQ is a key technique which can improve received SNR, transmission reliability and effectively combat with interference, noise and fading. In grant-free transmission, unlike the pure OMA case, the users signals may superposed on the same resource block in the initial transmission or retransmission, and the requirements of different grant-free transmission scenarios are different, thus different HARQ schemes may be needed.
Discussion
There are two scenarios for grant free transmission, mMTC and URLLC.  For mMTC some schemes target for high user load, while some schemes target for coverage. For the former, when the user signal is not successfully decoded, the user will not received ACK signal. Thus it will retransmit the signal again. When combining is applied in HARQ, user ID is needed at each time so as to combine the same user’s signal. To inform the user ID, preamble is needed which is a mapping between user ID and MA signature. As we know some schmee can achieve very high user load by using blind detection, in which preamble is not needed for channel estimation purpose. To simplify the HARQ design, 
· How to design the HARQ schemes for mMTC when preamble is impossible or possible?
However, for the mMTC schemes targets for coverage, to accumulate the received SNR, signal combination is important. In this case preamble is needed for UE ID identification. The signal of the same UE will be combined to achieve coding gain or diversity gain. The retransmission signal will use different parity check bit of the channel coding or use frequency-hopping, which will significantly boost system performance in terms of SNR gain. While for some scheme with high user load, it can reduce the SNR achieving successfully decoding by retransmission several replica of the same signal in the retransmission. To satisfy the requirement of coverage,
· How to reduce the SNR requirement by using HARQ for mMTC targeting for coverage
For URLLC low latency is a mandatory requirement, thus the number of retransmission is small. It is a challenging to achieve high transmission reliability by using small number of retransmissions. Hence in the retransmission something should be done to achieve high reliability. The question for HARQ in the case of URLLC is shown below
· How to guarantee the high reliability by using small number of retransmission chances in URLLC?
HARQ schemes
Two main scenarios for grant-free based transmission are mMTC and uRLLC. There are two categories schemes for mMTC. One targets for larger number of user connection, another targets for coverage. For the former, some schemes can achieve high user load with blind detection, and preamble is not needed. While some schemes need preamble for channel estimation purpose. Because high user load is supported and preamble is not needed, we propose
Proposal 1:  HARQ without combination, retransmission is performed when ACK is not received at a predefined time.
The benefit of such HARQ scheme is no preambles needed. The collision of preamble is a big challenging when a huge number of users choose preambles from a pool. Currently the preambles are pre-configurated in the assumptions of mMTC simulations to avoid the preamble collision. However, we do not preclude the HARQ schemes with combining feature. When the preamble collision is solved and preamble can be applied in grant-free transmission, combination of initial transmission and retransmission is possible by using UE ID bounding with the preamble, we propose
Proposal 2:  HARQ combination, an identical retransmission or retransmission with different redundancy is sent for a chase combining or incremental redundancy combining.
Coverage may be an application case for mMTC. In this case user should successfully decode its signal in low SNR environment. When a user fails to decode its signal and when combining is not used in the retransmission, there is a possibility of failed decoding again due to interference, channel fading and noise. To solve this problem, we propose
Proposal 3:  In the retransmission several replicas are transmitted for successfully decoding the signal in low SNR environment.
Because high user load is supported, system can afford several replica transmissions on the same resource block with other users’ signals. 
In the scenario of URLLC of grant-free transmission, low latency is the requirement. Thus the time for retransmission will be significantly reduced. To meet the high transmission reliability requirement, we propose
Proposal 4: In the retransmission several replicas are transmitted to guarantee the high reliability in URLLC.
Conclusions
In this contribution, HARQ schemes for grant free transmission are discussed. We make the following proposals:
Proposal 1:  HARQ without combination, retransmission is performed when ACK is not received at a predefined time.
Proposal 2:  HARQ combination, an identical retransmission or retransmission with different redundancy is sent for a chase combining or incremental redundancy combination.
Proposal 3:  In the retransmission several replicas are transmitted for successfully decoding the signal in low SNR environment.
Proposal 4: In the retransmission several replicas are transmitted to guarantee the high reliability in URLLC.
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