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Introduction
In the RAN1#85 meeting, a WF [1] on the support of NR frame structure with asynchronous UL HARQ was agreed stating the following:  
· 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 this contribution, we focus on the aspects related to the support of grant free transmission in the uplink, specifically addressing the timing between grant-free uplink data transmission, its corresponding HARQ A/N, and the subsequent retransmission(s).

[bookmark: _Ref129681832]Discussion 
For grant-free contention based transmissions in uplink, the eNB will have to perform blind and joint detection for multiple users due to the transmissions of user packets in an unscheduled manner, which we can understand as “arrive and go”. More details on grant-free contention based transmissions can be found in [2]. 
Timing for Grant Free Transmissions
A grant-free user will have to get an idea within a fixed time period in order for the user to figure out if its transmission packet has been decoded correctly or not at an eNB, and to determine if a retransmission is required or not. For grant-free uplink transmissions, as a user packet arrival and transmission will be performed without scheduling, ACK or NACK feedback time to each packet transmission can be fixed, for example, +n time units and n can be configurable,  meaning that the user will expect to get the eNB feedback at the n-th time unit after its packet transmission. We refer to such a feedback as a fixed ACK/NACK timing, which is similar to existing LTE mechanism with potential different value of n. 


Figure 1 Grant-free fixed ACK/NACK timing and Asynchronous HARQ timing

A retransmission of a user is not required when an ACK to one transmission is received by the user at the n-th time unit; otherwise, the user will assume this packet transmission is failed if a NACK feedback is received or nothing is received at the A/N timing point, and then a retransmission can be applied. As a result, a fixed A/N timing can be applied for grant-free HARQ acknowledge scheme.  
As a collision of multiple users’ signals can happen due to the grant-free contention based transmissions, the packet retransmissions of the users should be asynchronous to avoid possible signal collision again, where the transmissions could experience pilot and/or data signal collisions. Moreover, a retransmission can employ a back-off window, where the back-off window may introduce a random time to allow different retransmission timing. As a nature of grant-free uplink transmissions, asynchronous HARQ timing and HARQ signal combining should be supported to reduce collisions probabilities and enhance detection performance. 
Figure 1 illustrates the case where the A/N timing is a fixed time point when a user expects to receive eNB ACK/NACK feedback. But the time durations between T1-T0 and T2-T1 are different, where each user can have different (and its own random) back-off times for each retransmission, leading to asynchronous HARQ retransmission timing and potential signal combining for grant-free uplink transmissions. 
Proposal 1: Grant-free uplink transmissions should support asynchronous HARQ in the UL.  

A/N feedback and re-transmission mechanism
Group-based feedbacks can be applied to efficiently perform the acknowledgement for the transmissions. Due to the potentially large number of unscheduled (and small packet) UL transmissions, corresponding ACK/NACK in the DL could be an overhead burden.  To help resolve this issue, one option is to use the group feedback which combines many users’ feedbacks into one packet, and such a group feedback can be carried on DL control channel or DL data channel.
Proposal 2: The ACK/NACKs for grant-free uplink transmissions can be carried in DL control or data channel(s), and should support group-based feedback where ACK/NACKs of multiple users are conveyed in the same channel transmission.

For the grant-free contention-based transmission, asynchronous retransmission can be used to reduce the probability of user signal collisions in general; whereas it is possible to completely avoid the collisions of retransmissions, for example, the retransmissions could be contention-free through explicit scheduling instead of contention based. Retransmissions with explicit-scheduling will increase usage of (dedicated) resource while providing the benefits of more reliable transmissions. 
Proposal 3: Grant-free uplink transmissions should support asynchronous contention based retransmissions and contention-free retransmissions.

Conclusions
In this contribution, we have considered the issues that need to be addressed related to HARQ timing relationships for grant-free transmissions. Based on the discussions above, the following are proposed:
Proposal 1: Grant-free uplink transmissions should support asynchronous HARQ in the UL.
Proposal 2: The ACK/NACKs for grant-free uplink transmissions can be carried in DL control or data channel(s), and should support group-based feedback where ACK/NACKs of multiple users are conveyed in the same channel transmission.
Proposal 3: Grant-free uplink transmissions should support asynchronous contention based retransmissions and contention-free retransmissions.
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