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Introduction
In RAN1#86 meeting, several agreements on grant free transmission were reached [1]: 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]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
Agreement:
· 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
This contribution considers aspects related to system operation with grant free based multiple access.
Discussion
For grant free based multiple access, one fundamental characteristic is to allow UE to randomly/autonomously transmit its signal regardless of whether the UE uses randomly selected resources (option 1) or pre-configured resources (option 2). Even though grant free transmission has some potential benefits, i.e., significantly reducing the signaling overhead and delay, which can be beneficial for mMTC and possibly for URLLC, some issues, such as handling of possible collisions, retransmission schemes, possible link adaption and the relationship between grant based and grant free transmissions need to be carefully studied for practical usage. 
Handling possible collisions 
For grant free transmission, one fundamental characteristic is to allow a UE to randomly/autonomously transmit its signal regardless of whether the UE uses randomly selected resources (option 1) or pre-configured resources (option 2). Collisions happen only when multiple UEs select or are preconfigured same MA resources [2].
For option 1 of grant free transmission, the autonomous/random selection of MA resources by UEs from the pre-configured pool can lead to uncontrolled collisions. Even though in general the average collision probability can be lower if the MA resource pool size is larger, the gNB cannot control the collision probability, e.g., in a lightly loaded network many MA resources will be wasted while in a heavily loaded network collisions will happen too frequently and significantly impact system performance. Moreover, even in a lightly loaded network, there is still a non-zero probability for two or more UEs to selecting same MA resources and collide.
On the other hand, option 2 of the grant free transmission, via which the UE transmits in pre-configured MA resources, can avoid collisions by assigning different MA resources to different UEs, for example in a lightly loaded network. Or at least the gNB can control the collision rate depending on how many and which UEs are assigned the same MA resources. This option of grant free transmission gives the gNB the ability of controlling UE collisions in the network. 
Observation 1: Option 2 of the grant free transmission provides more flexibility in terms of controlling collisions. 
In addition, the collision issue of grant-free/contention based non-orthogonal multiple access is determined by the DMRS collision issue, concerning that an gNB receiver can only recover UEs’ data conditioned on respective un/low-correlated and accurate channel information. This brings two requirements on DMRS setting: 1) DMRS signals in the same time-frequency resource should preferably be orthogonal and 2) the collision of DMRS should be minimized and DMRS multiplexing capacity should be enhanced.Moreover, considering that DMRS resource is usually more limited than the MA signature (e.g., interleaver, grid mapping pattern, etc.), the DMRS can be the limiting factor which should be further studied and designed. In [2], the impact of DMRS collisions is illustrated and solutions like increasing the available number of orthogonal DMRS are discussed. 

Observation 2: DMRS collision should be minimized to efficiently support grant free based multiple access. 
HARQ Retransmission
Following the agreement from RAN1 #86, studying HARQ retransmission is one of important issue to enable grant free transmission in NR. The HARQ re-transmission is utilized to guarantee the reliability of transmission and/or coverage. In addition to potentially poor channel conditions, collisions among UEs and increased interference level by contention based non-orthogonal multiple access for mMTC may also lead to incorrect data detection. To support HARQ retransmission, one issue is how to identify the first transmission and the retransmissions for a HARQ process. One way is for the gNB to explicitly schedule a retransmission. Another way is to divide the available MA resources into several groups, e.g. depending on the maximal number of retransmissions and their respective probabilities [3]. The groups can be mapped to the first transmission and the re-transmission(s) correspondingly to identify the transmission order for the same HARQ process (initial or the xth retransmission). By mapping the resource partitions to different redundancy versions, the gNB can also identify whether a RV is used or missed and perform HARQ combining accordingly. Furthermore, due to the collision nature, the HARQ procedure can be different from LTE scheduled HARQ procedure. 
Another key issue in HARQ retransmission is the ACK/NACK indication. As discussed in [3], when collisions can happen (option 1 and controlled collisions in option 2), the gNB can use RAR-style feedback, e.g., HARQ-ACK + UE ID information, thus even the collided UEs can identify whether or not their data were successfully decoded. On the other hand, with controlled non-collision in option 2, the gNB could just use LTE SPS-like HARQ procedure. Thus, option 2 can give the gNB more flexibility to handle the HARQ. 
Observation 3: HARQ retransmission can be supported for grant-free based multiple access, e.g., by explicit signalling or by resource partitioning and mapping, for identifying initial transmission and associated retransmission(s).
Link Adaptation
For grant-free UL transmission, there is no dynamic grant to indicate the MCS. However, link adaptation is beneficial to improve performance and is also desirable for grant-free transmissions. Aside from semi-static link adaptation by the gNB, the UE may choose the MCS based on the available power after OL power control, channel quality,  interference measurement, etc. and signal the selected MCS to the gNB explicitly or implicitly. For example, with interference level indication to UEs with UE-common signaling as shown in Figure 1, a UE can adapt the MCS of PUSCH based on the interference level indication and the channel measured by DL RS, especially for TDD. 
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Fig. 1 Example of interference level indication via common signaling
The implicit signaling can be done by MA resource partitioning or by code/interleaver resource partitioning where different partitions indicate different MCS selections. When the MA resource is sufficient, resource grouping/partitioning for link adaptation in addition to the retransmission identification is also convenient for some non-orthogonal multiple access schemes, e.g. IGMA.
Observation 4: Link adaptation with explicit/implicit MCS signalling can be supported by, e.g. resource partitioning, for grant-free non-orthogonal multiple access.
Switching between grant-free and grant-based transmissions
Dynamic grant to override grant-free transmissions can enable switching between grant-based and grant-free transmission and provide flexibility to the gNB scheduler for handling urgent events or reconfiguring resources. For example, UEs may be able to access different type of services, e.g., URLLC and eMBB, and switching between grant based and grant free may be useful.
Conclusion
In this contribution, various aspects of grant-free based multiple access were discussed, and in particular, based on the analysis and observations, the proposals are as follows: 
Proposal 1: Grant free based multiple access is at least supported through pre-configuration of resources to a UE.  
Proposal 2: Consider enhancements of DMRS for grant free based multiple access.
Proposal 3: Consider HARQ retransmissions for grant free based multiple access.
Proposal 4: Consider means to support link adaptation for grant free based multiple access.
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