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Introduction
In RAN1 #86 meeting, one agreement is reached that NR should target to support UL grant-free transmission at least for mMTC [1]. Furthermore, the following agreement is also drawn:
 Agreements:
· Continue study at least the following: 
· Handling of potential collisions of MA signatures
· Retransmission/repetition and potential combining, e.g. HARQ
· Potential link adaptation, e.g. MCS/signature re-assigning
· Relationship between grant-free and grant-based transmissions and associated UE behavior
· Advanced receiver capabilities including complexity analysis.
At least two kinds of options for grant free transmission are agreed:
Agreement:
· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied
· Opt. 1: a UE performs random resource selection
· Details FFS
· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined
· Details FFS
· Other options are not precluded
In this contribution, some key issues to support HARQ in grant free transmission are discussed, such as how to identify initial transmission and re-transmission(s) and HARQ re-transmission procedure. 
Discussion
HARQ retransmission is one of important scheme to guarantee the reliability of transmission and/or coverage. In addition to potentially poor channel conditions, collisions among UEs and increased interference level by the multiple UEs sharing the same time-frequency resources may also lead to incorrect data detection. However, in grant free transmission for non-orthogonal multiple access targeting on mMTC scenario, the conventional HARQ re-transmission process, which is based on UL scheduling operation, needs corresponding modifications to suit the grant-free NoMA.
For grant free transmission, one fundamental characteristic is to allow UE to randomly/autonomously transmit its signal no matter the UE uses randomly selected resources (option 1) or uses pre-configured resources (option 2). That’s to say, gNB may not be aware of who is transmitting, especially when the detection and decoding of such transmission is failed. The gNB then could not tell whether the received transmission is the initial one or the re-transmissions. Thus, in order to support HARQ retransmission, one issue is how to identify the first transmission and the retransmission(s) for a UE. At the same time, how to indicate the ACK/NACK to the correct UE is also very critical.
1.1 Resource grouping/partition
In addition to the explicitly scheduling a retransmission by gNB, another way is to divide the available MA resources, especially MA signatures for NoMA, into several groups. The group index can be mapped to the first transmission and the re-transmission(s) correspondingly to identify the transmission order for the given HARQ process (initial or the Mth retransmission). Each resource in the previous group is mapped to one or multiple resources in the next group as shown in Fig. 1, which is the example of one-to-one mapping.
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Fig. 1 Example of resource group/partition and mapping to the transmission index
For option 1 of grant free transmission, a UE could randomly select one resource from group 1 for its first transmission, and the gNB could tell this is a first transmission based on the resource it used to detect this transmission. If later the re-transmission is needed, the UE could find the resource for the re-transmission via mapping relationship, and the gNB could identify this is the re-transmission and also the possible related first transmission. Thus, potential combination of first transmission and re-transmission(s) now becomes possible. Note that a random back-off may be needed to avoid continuous collision of two UEs who had collision in the first transmission. For option 2 of grant free transmission, the grouping/partition information could be transparent to UE, i.e., a UE just needs to know the pre-configured UE-specific resources to conduct first transmission and re-transmission(s).
Regarding the number of groups/partitions, it could depend on the maximal number of retransmissions and their corresponding probabilities. Moreover, the network load situation and/or channel quality could also help to configure the number of groups and the size of groups/partitions (i.e., how many resources are in a certain group/partitions). For instance, when network load is light and channel quality is good, which implies the probability of successfully first transmission is relatively high, more resources could be assigned in the first resource group and the number of groups and the size of re-transmission group could be reduced. Moreover, by mapping the resource groups/partitions to different redundancy versions, the gNB can also identify whether a RV is used or missed and perform HARQ combining accordingly as illustrated in Fig. 2.
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Fig. 2 Example of mapping the RV to the resource group/partition index
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: Resource grouping/partition and associated mapping relationship can be considered to support HARQ retransmission in grant-free based multiple access.
1.2 HARQ re-transmission procedure
For supporting HARQ re-transmission in grant free transmission, another critical issue is to properly indicate the ACK/NACK to UE. First of all, without knowing which UE has transmitted, the resource to detect potential ACK/NACK could be decided based on the MA resource (i.e., MA physical resource and MA signatures) used to detect the corresponding UL transmission, e.g., the properties of DM RS (such as cyclic shift, OCC index, Comb index) etc. When UE uses the selected (option 1) or pre-configured (option 2) MA resource to transmit its data, then later the UE could locate a position where the ACK/NACK might be transmitted based on the MA resource utilized and try to detect. 
For option 1 of grant free transmission, the RAR-style ACK/NACK feedback could be applied. This may require UE to transmit data with its UE ID information at the beginning, e.g., S-TMSI. When the data is successfully detected and decoded, gNB should feed the ACK message back to confirm the UE that the data is correctly received. Because of grant free transmission, there might be a case that two UE transmitted with the same resource and one of them is successfully decoded. Thus if the gNB just feeds back a ACK message, the one whose data is actually detected incorrectly will also read the ACK and mistakenly think its data has been correctly received. To avoid such mistake, the gNB will transmit the detected UE ID information along with the ACK message. When a UE detects the ACK but with unmatched UE ID information, which implies a collision has happened, then such UE could terminate current transmission and start another new transmission. 
For option 2 of grant free transmission, two different cases are considered. When the network load is light, the gNB is able to assign different MA resources to different UEs, i.e., no collision will happen. Then the HARQ ACK/NACK procedure could operate in the similar way as in LTE SPS case, i.e., PHICH-style. On the other hand, when the network load is high, some UEs will be pre-configured with same MA resource, so the collision will happen when at least two of these UE transmit at the same time. In this case, the feedback from gNB could be similar to the case in option 1, i.e., RAR-style, the gNB transmits the ACK message along with the detected UE ID information. The Fig. 3 illustrates the UE behavior in the HARQ procedure, particularly when collision is possible. 
[image: ]
Fig. 3 UE behavior in the HARQ procedure 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 2: For grant-free transmission with possible collision, the RAR-style feedback, i.e., ACK + UE ID information, can be considered.
Proposal 3: For grant-free transmission without collision, the PHICH-style feedback, can be considered.
Conclusion
In this contribution, some key issues to support HARQ re-transmission in grant free transmission are discussed and the following are proposed:
Proposal 1: Resource grouping/partition and associated mapping relationship can be considered to support HARQ retransmission in grant-free based multiple access.
Proposal 2: For grant-free transmission with possible collision, the RAR-style feedback, i.e., ACK + UE ID information, can be considered.
Proposal 3: For grant-free transmission without collision, the PHICH-style feedback, can be considered.
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