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1 Introduction
At the 3GPP TSG RAN #71 meeting, the Study Item description on “New Radio Access Technology” was approved [1]. For the next generation communication system, three usage scenarios defined by ITU-R (eMBB/URLCC/mMTC) are discussed in RAN and the related deployment scenarios and key performance indicators are defined. In this document, we target at mMTC usage scenarios, analyze the current LTE method and provide possible ways to satisfy the requirements.
2 Discussion
Current LTE system
According to the TR38.913, for the massive MTC scenario, connection density of 1 000 000 device/km2 in urban environment should be supported. If devices and time of data transmission are distributed uniformly and each device transmits one packet per hour, there will be on average around 278 packets per second per km2, i.e. around 750 packets per second per cell if ISD is 1732m as captured. 
Table1: KPI from TR38.913 for mMTC
	KPI
	Definition 
	Requirement

	UE battery life
	For mMTC, UE battery life in extreme coverage shall be based on the activity of mobile originated data transfer consisting of [TBD bytes] UL per day followed by [TBD bytes] DL from MCL of [TBD] dB, assuming a stored energy capacity of [TBD].
	The target for UE battery life should be [15 years]

	Connection density
	refers to total number of devices fulfilling specific QoS per unit area (per km2)
	[bookmark: OLE_LINK132]1 000 000 device/km2 in urban environment


In LTE system, UP is coupled with CP, which means data can only be transmitted when a control connection exists for a certain UE. The advantage of this way is that UE behavior for unicast transmission is always under control of network. Initially, the LTE design is intended to provide a high efficiency way for a large amount of packets transmission, for example, FTP download, web browser, etc. However, as the number of smart phones grows up and low cost MTC devices come out, small data transmission becomes more and more popular in the network. Consequently, some disadvantages of LTE for supporting small data transmission are shown as follows.
1) Alarge amount of signaling overhead caused by RRC connection and dedicated EPS bearer establishment and releaseprocedure.
[bookmark: OLE_LINK131]When UE has data to transmit or receive, UE firstly establishes RRC connection and enters connected mode; and then once data is transmitted completely, network will release the RRC connection, UE comes back to idle mode. Alternatively, if considering the signaling overhead in case of state transition, network could keep UE in connected state always;however,this will introduce extra signaling overhead due to handover.
In Rel-13 NB-IOT, a suspended state was introduced. When UE completes data transmission, UE can be transferred to suspended state, in which state UE context are suspended and stored in eNB and MME. UE behaves like in idle mode and no handover procedure occurs if UE moving across different cells. Once UE has data to be transmitted, UE will come back to connected state by initiating an uplink RRC message to request resuming UE context, and then network will confirm UE’s request. With this approach, signaling overhead can be reduced to a certain amount.
If looking through the whole above-mentioned control plane procedure, we can count the number of the messages on each interface for a data transmissionin Table 1.
Table2: The signaling overhead for control plane procedures
	
	RRC/ EPS bearer establishment& release
	Handover
	Suspend& Resume

	RRC signaling
	[bookmark: OLE_LINK1]8 messages
	3 messages
	4 messages

	S1 signaling 
	6 messages
	2 messages
	4 messages

	X2 signaling 
	None
	4 messages
	None

	Total
	14 messages
	9 messages
	8 messages



[bookmark: OLE_LINK133]If we consider massive MTC scenario, the KPI of 1,000,000 device/km2 is required from the connection density point of view. These MTC devices are expected to transmit very infrequent small data.Compared to the user data, control plane overhead is too large and brings great challenge to system capacity and network entity processing capability.  
[bookmark: OLE_LINK8]Observation 1: The control plane overhead of small data transmission for massive MTC brings great challenge to system capacity and network entity processing capability.
2) UE power consumption 
During the control plane procedure, UE will always wake up to receive or transmit RRC messages even though UE has only one packet to transmit or receive. UE power is mainly consumed on control plane procedure at this case. Eventually, this reduces the lifetime of the MTC devices without recharge.
[bookmark: OLE_LINK9]Observation 2: UE power is mainly consumed on control plane procedure for infrequent small data transmission
3) Scheduling signaling overhead
In LTE, data transmission is based on eNB scheduling. With scheduled approach, eNB can allocate uplink or downlink resource corresponding to the data volume, UE radio link condition, or cell load. However, the cost of flexible resource allocation is more physical control signaling overhead. Besides, scheduled method increases UE implementation complexity because UE needs to blindly decode multiple control information formats.
If MTC devices have typical application service and stable radio link condition, non-scheduled or pre-scheduled mechanism can be used for data transmission.
Proposed ways for small data transmission in NR
For the NR system, taking massive amount of small packet transmission into account, more efficient mechanism should be designed, and following principles could be considered at this stage
1) [bookmark: OLE_LINK6]Data can be transmitted without control plane connection
[bookmark: OLE_LINK5]As analyzed in section 2.1, control plane overhead consumes greatly system resource, especially for infrequent small data transmission. In NR, a mechanism supporting data transmission without control connection can be designed. Actually, connectionless data transmission is already used widely in today’s communication system, e.g. Ethernet, WLAN. This method provides a high efficient transmission efficient compared with connection-based method for infrequent small data transmission.
[bookmark: OLE_LINK11]Proposal 1: Data can be transmitted without control plane connection in NR.
2) Data can to be transmitted as non-scheduled way
Scheduled method provides a flexible resource allocation but consumes physical control channel overhead. When a great number of devices have packets to be transmitted, the physical control channel overhead is significant. If the service requirement and data amount are basically unchanged or can be predicted, the data transmission resource can be configured as semi-static or static way.
[bookmark: OLE_LINK12]Proposal 2: Data can be transmitted as non-scheduled way in NR.
3) [bookmark: OLE_LINK4]Data can be transmitted in common resources
If dedicated radio resources are allocated for each UE, the resources will be wasted in blank-window period which occupies the most time for infrequent small data service. And it is a big challenge for the cell capacity and a great waste for system resource. Besides, UEs need to maintain communication with network in dedicated radio resource, which consumes greatly UE power. An alternative method is to configure a set of common resources which multiple UEs can share. UE data is transmitted in the common resources by the predefined rule.
[bookmark: OLE_LINK10]Proposal 3: Data can be transmitted in a common resource.
Conclusion
In this contribution, we analyse the resource efficiency for small data transmission in NR and provide corresponding proposals.
Observation 1: The control plane overhead of small data transmission for massive MTC brings great challenge to system capacity and network entity processing capability.
Observation 2: UE power is mainly consumed on control plane procedure for infrequent small data transmission.
Proposal 1: Data can be transmitted without control plane connection in NR.
Proposal 2: Data can be transmitted as non-scheduled way in NR.
Proposal 3: Data can be transmitted in a common resource.
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