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1 Introduction
At RAN1 #85 the following partial agreements were noted for further study:
Agreements:
…

· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

-A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

-Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

-Collision of time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern
The following sections will briefly explain the concepts of the scheme and suggested possible solutions for fulfilling above agreements.
2 Discussion
According to the TR 38.913 [3], the target for connection density should be 1,000,000 device/km2 in urban environment. This orders of number will cause the connection efficiency issue due to massive transmission. In the initial access, too many devices attempt to discover or request for accessing network and then the successful access rate will decay. Based on the Cherkaoui’s evaluation [4], in the same M2M successful access ratio (95%), 10,000 users will need the 10x accessing opportunities than 1,000 users. This means that we need more time/frequency recourses for mMTC connection, but the lower connection efficiency. Based on [3], the connection efficiency is measured as supported number of devices per TRP per unit frequency resource. Therefore, we maybe adopt the notion of divide and conquer. The first, to decrease the orders of access number. For reducing the orders of UEs number, we could adopt that contour-based scheme. The contour-based scheme means to divide UEs into smaller sub-group in the same criteria. Furthermore, in [2] the forward compatible features shall be considered, so we suggest to keep the flexibility of new RAT design. The RAN #85 also had made agreements for frame structure which can contain one or more of the DL, guard, and UL part. This contour-based scheme will utilize the control uplink/downlink information but not the specific frame structure for this purpose.
Observation 1. For increasing the connection efficiency of massive number of users, the UEs need to divide into several groups for sharing the same time and frequency resources.
3 The possible scheduling scheme

To achieve this contour-based scheme, the criterions may be categorized into some judgements baseline. If the original massive number of users is N, then that will be divide into several groups via contours which are grouping by a specific index range. These indexes will may be the channel quality index, timing advance, and power (SINR) information. It could be shown in the Figure 1. The UEs between the two red dotted line circle means at the same criteria level in the transmission condition. The Figure 1 (a) shows the scenario without the contour-based scheme, and the Figure 1 (b) shows the scenario after contour-based scheme. In addition to, the UEs in the same level could be access the same time/frequency resource by semi-persistent scheduling. The UEs in each level are just scheduled in one or some resource blocks sequentially to reduce access blocking and collisions. The eNB will not need to send the uplink grant to UEs, and this scheme will be implicitly a grant-free scheme. The orders of access number will drop from N to K. If the K number could be the logN, then the access efficiency would be notable. Each level access would be adopted non-RACH based multiple access, instead, they may be scheduled by accessing the same resources. The possible procedures may be like as following:
1. UEs ( eNB

UEs send the information such as channel quality, timing advance, and power via uplink control channel to eNB.

2. eNB ( UEs
The eNB divides into the UEs in several groups by criteria range, and eNB sends the reference signal with specific UEs ID and TTI in the same criteria range. Then, eNB allocates the time/frequency resources to UEs at the same level. In addition to, the eNB sends the reference signal sequentially or by efficient algorithm arrangement.
3. UEs ( eNB
The UEs decode the reference signal in special mMTC control channel at first time, and then UEs send the data in specific slot based on different TTI which in the same level later. This could avoid the explicitly eNB grant-based scheme for reducing the control channel overhead.
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Figure 1. The concept of contour-based scheduling
Observation 2. For achieving this contour-based scheme, we may utilize the criterions such as CQI, TA, and power (SINR) information to schedule the uplink resource polling accessing sequentially for avoiding dynamic and explicit scheduling grant from eNB.
4 Conclusion
    Based on the above observations, we proposed the ideas for efficient multiple access of mMTC as following.
Proposal 1. For mMTC scenario, it would need to group the UEs via setting the criterion such as CQI, TA, and power (SINR) for scaling down the orders of multiple access of NR.
Proposal 2. For reducing the overhead of control signal, it would be adopted the implicitly grant-free accessing scheme by polling accessing sequentially for avoiding dynamic and explicit scheduling grant from eNB.
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