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Introduction
[bookmark: _Ref228947482]Grant-free transmission is a new feature in contrast to scheduling based transmission in LTE, and could be especially beneficial for mMTC and/or URLLC usage. In the RAN1 #86 meeting, following agreements have been achieved.
Agreement:
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC
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
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

For the listed FFS items, we share further considerations on some design aspects in this contribution. 
Considerations on Grant-free Design
Potentially there can be different ways to realize grant-free transmission. Even UE has finished RACH procedures, UE can still perform grant-free transmission to save SR (scheduling request) and UL grant overhead. This is especially beneficial for sporadic traffic and small packet transmission. When all the UEs have performed RACH, grant-free transmission will occur in a more synchronized manner, i.e., timing offsets among UEs are mostly within the CP length. This type of grant-free transmission may be called RACH-based grant-free [1] since RACH procedures have been done for the UE. 
In contrast to this, grant-free transmission can also be initiated without first performing RACH. Instead of going through a complete RACH procedure, UE will directly transmit data whenever there are packets arrived. By this way, not only RACH related procedures are saved, UE can also go to sleep mode afterwards to save battery energy. However, one difficulty may be the asynchronization. Due to the absence of RACH, timing offsets among UEs can be greater than the CP length, which may put higher demand on the design. This type of grant-free transmission can be called RACH-less grant-free [1] [2] or one-step access. 
As for grant-free transmission, potentially there are always benefits with regard to overhead reduction (at least for SR, grant or RACH as aforementioned) no matter it is RACH-based or RACH-less. The specific usage and deployment may depend on the characteristics and/or requirement of mMTC devices. Therefore, we’d better keep both options for FFS at this stage.
Proposal 1: Both RACH-based and RACH-less grant-free transmission should be studied.
For grant-free transmission, it has been agreed that UE can perform random resource selection where resource usually refers to spreading sequence, codeword, and DM-RS etc.. There can be different ways to realize this randomness. Compared with pure randomness, pseudo-random is usually employed in LTE. For example, in reference signal sequence generation, a pseudo-random sequence generator is initialized with a seed which is related to cell ID and/or other parameters. When defining the PDCCH search space, the starting position is determined in a pseudo-random way by using Yk which is a function of RNTI and subframe index. Collisions can be avoided in some degree by utilizing this pseudo-randomness. The same logic can also be considered for resource selection in grant-free transmission. Details on how to achieve this pseudo-random selection can be further studied. 
Proposal 2: Pseudo-random resource selection by a UE can be considered for UL grant-free transmission.
If retransmission/repetition is supported in grant-free transmission, there could be some cases different from LTE. In LTE, UL transmission on PUSCH is always scheduled and thus the BS will feedback ACK/NACK for each UL transmission. However, in grant-free transmission, the BS needs to blindly detect which users are performing transmission. For blind detection, there could be possibilities to have mis-detection and/or false-detection. In this case, ACK/NACK feedback may not strictly correspond to every UL transmission, which is different from LTE. Therefore, possibly some new UE behaviors will need to be defined.
Proposal 3: Consider potentially new UE behaviors in retransmission/repetition of UL grant-free transmission.
For a UE working in grant-free mode, there could be a possibility that it need to transfer to grant-based transmission, or vice versa. This may come from change of UE requirements or BS scheduling strategy. From a forward compatibility perspective, it would be better to allow the UE flexibility to switch between grant-free and grant-based transmission modes. The amount of overhead, such as signaling and UE activities, to achieve switching should be kept at a minimum.
Proposal 4:  UE should be enabled the flexibility to switch between grant-free and grant-based transmissions. Detailed signaling and related procedures are FFS.
Conclusions
In this contribution, we share some views on grant-free transmission design. More specifically, relationship between RACH-based and RACH-less grant-free, resource selection, UE behaviors in retransmission/repetition, and switching between grant-free and grant-based are generally discussed. Based on that, we have the following proposals.
Proposal 1: Both RACH-based and RACH-less grant-free transmission should be studied.
Proposal 2: Pseudo-random resource selection by a UE can be considered for UL grant-free transmission.
Proposal 3: Consider potentially new UE behaviors in retransmission/ repetition of UL grant-free transmission.
Proposal 4:  UE should be enabled the flexibility to switch between grant-free and grant-based transmissions. Detailed signaling and related procedures are FFS.
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