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Introduction
In RAN1 #86 [1], one agreement was that NR should target to support UL grant-free transmission at least for mMTC. Furthermore, the following were agreed:
 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

This contribution analyzes the collision occurrence in grant free transmission, the potential collisions of DM RS, and discusses corresponding solutions. 
Collision analysis
Collision occurrence
For grant free transmission, one fundamental characteristic is to enable a UE to autonomously transmit its signal regardless of whether the UE uses randomly selected resources (option 1) or uses pre-configured resources (option 2). However, with option 1, collisions cannot be completely avoided. With option 2, collisions can happen only when a MA resource is configured to multiple UEs. As shown in Figure 1, in (a) and (c), two UEs select different times to transmit, so regardless of whether or not their selected/pre-configured MA signatures (denoted by different color) are the same, there will be no collision. Moreover, in (b), when the selected/pre-configured MA signatures are different, even though the UEs transmit at the same time, their signals can still be separated by the gNB receiver. Only when two UEs select the same MA resource (i.e., the same MA signature and the same physical resource), a collision occurs. 


Fig.1 the occasion of collision
DM RS collision
Since non-orthogonal multiple access can allocate the same time-frequency resources to multiple UEs, collisions occur when UEs use the same MA signatures. As shown in [2], for some MA signature (e.g., interleavers, grid mapping pattern etc.) collisions, IGMA can still provide comparable or even same-level BLER performance as the non-collision case when  the gNB receiver is able to differentiate the channels of the collided UEs. This condition implies that orthogonal DM RS resources among UEs need to be guaranteed. Thus, it is necessary to study how to provide sufficient DM RS resources. 
It can be easily observed that the DM RS collision significantly degrades the BLER performance. More importantly, not only detection for transmissions from collided UEs fails but also reception reliability for non-collided UEs is degraded. DMRS collision is more detrimental than codebook/code resource collision. Thus, methods to handle, e.g., minimize, DM RS collisions should be studied. 
Handling of DM RS collision
DMRS with Comb Structure
DM RS collisions are mainly caused due to the insufficient DM RS resources. In LTE, DM RS with different cyclic shifts and OCC can be orthogonally multiplexed as long as the cyclic shift is longer than the channel delay spread. However, with larger requirement on DMRS resources, further adding more cyclic shift may be unfavorable and the OCC resource is also quite limited. By applying comb structure in DMRS as shown in Fig. 4, the number of available DM RS could be improved without sacrificing the channel estimation accuracy. This is because of the orthogonal property of DM RS via FDM can be guaranteed, especially compared with using only cyclic shift. For instance, in order to generate 12 DMRS, one option is to use 12 times of cyclic shift on a Zadoff-Chu sequence with length N, and another option is to use 6 times of cyclic shift on a Zadoff-Chu sequence with length N/2 but with RPF=2. Note that the resolution of DMRS in two options is the same, but with FDM, the latter option may have more accurate channel estimation. 



Fig. 3 DM RS structure with different OCC            Fig. 4 DM RS structure with different Comb
Proposal 1: DMRS with comb-like strucure and with OCC can be considered for grant free based multiple access.
Controllable collision
For option 2 of grant free transmission, an gNB can avoid collisions by assigning different MA resources to different UEs, for example according to network load and status of resources, or at least the gNB can control the collision level depending on how many UEs are assigned the same MA resources. On the other hand, the total autonomous/random selection of MA resources from the pre-configured pool (i.e., option 1) 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. 
Proposal 2: Pre-configured DMRS resource should be at least supported for controlling collisions.
Conclusion
In this contribution, the collision issue of grant free transmission is discussed and the proposals are given:
Proposal 1: DMRS with comb-like strucure and with OCC can be considered for grant free based multiple access.
Proposal 2: Pre-configured DMRS resource should be at least supported for controlling collisions.
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