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1 Introduction
During the last RAN2 #94 meeting, the “inactive state” was discussed and the following agreements were achieved.
Agreements:
1	Study the introduction of a RAN controlled “state” characterised by, at least:
a/ -	UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state
b/	Able to start data transfer with low delay (as required by RAN requirements)
FFS whether data transfer is by leaving the "state" or data transfer can occur within the " state"
FFS whether " state" translates to an RRC state
Potential characteristics of the RAN controlled “state” for study:
	a/ the CN/RAN connection is maintained
	b/ AS context stored in RAN
	c/ Network knows the UE's location within an area and UE performs mobility within that area without notifying the network.
	d/ RAN can trigger paging of UEs which are in the RAN controlled "inactive state"
	e/ No dedicated resources
In this document, we discuss whether data transfer can occur within the “inactive” state.
2 Discussion
The potential issues for “inactive” state
[bookmark: OLE_LINK131]RAN2 has agreed that an “inactive” state will be introduced to decrease the signaling overhead. If it is assumed that Rel-13 NB-IOT-alike mechanism is applied in “inactive” state, i.e. the state transition is performed via RRC signaling. When completing data transmission, UE can be transited to “inactive” state, in which state UE context are suspended and stored in network and UE side. Once UE has data to be transmitted, UE will come back to active state by initiating an uplink RRC message to request resuming UE context, and then network will confirm UE’s request. The procedure can be shown in Figure 1.


Figure 1: state transmission procedure
1) Signaling overhead
Looking through the whole above-mentioned state transition procedure, if a UE in “inactive” state has one small packet to be transmitted, totally 4 RRC message will be consumed. 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.
[bookmark: OLE_LINK133]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][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Observation 1: If the data cannot be transmitted in “inactive” state, the signaling overhead caused by state transition for transmittingvery infrequent small data transmission 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][bookmark: OLE_LINK14][bookmark: OLE_LINK15]Observation 2: If the data cannot be transmitted in “inactive” state, UE power is mainly consumed on state transition procedure for infrequent small data transmission.
Proposed ways for infrequent small data transmission in “inactive” state
Based on the analysis in subsection 2.1, a reasonable solution to save signaling overhead and UE power consumption for infrequent small data transmission is to allow data transmission in “inactive” state without state transition. 
One alternative is to allocate a dedicated resource for each UE in “inactive” state. However, with this method, the resources will be wasted in blank-window period which occupies the most time for infrequent small data service. It is a big challenge for the cell capacity and a great waste for system resource. Besides, UE needs to send signals periodically to keep synchronization 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.
In UMTS system, in order to decrease the signaling overhead and the data transmission delay, two common state were introduced, CELL-FACH state and CELL-PCH state. The characteristics of the two state can be summarized as following.
CELL-FACH state:
· Cell common resources are allocated: FACH channel and RACH channel
· UE monitors FACH channel, data is transmitted on FACH channel and RACH channel
· [bookmark: OLE_LINK3]UE performs cell reselection when moving across the cells
CELL-PCH state:
· No resources are allocated for data transmission
· UE monitors paging channel and transit to CELL-FACH or CELL-DCH state for downlink or uplink data transmission.
· UE performs cell reselection when moving across the cells
Considering the similar intention with the“inactive” state, a set of common resource can be pre-configured in the cell to serve the small data of limited size, especially for the infrequent data transmission, e.g. only one packet transmission.The data transmission can be contention-based. With this method, the state transition procedure can be omitted.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Proposal 1: Downlink and uplink data can be transmitted in “inactive” state.
Proposal 2: A set of common resource can be allocated in a cell for downlink and uplink data transmission in “inactive” state 
Proposal 3: Data transmission in “inactive” state is contention-based.
[bookmark: OLE_LINK13]Furthermore, data can be transmitted on the common resource in a scheduled way or a non-scheduled way. Scheduled method provides a flexible resource allocation however consumes physical control channel overhead. When a great number of devices have packets to be transmitted, the physical control channel overhead may be significant. For the service that has fixed packet size or the service requirement and data amount are basically unchanged or can be predicted, the transmit format can be semi-statically configured, the non-schedule way can save the physical control channel overhead; For the service that has flexible packet size, the physical control channel scheduled way ban be applied. 
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Proposal 4: Data transmission on the common resource in “inactive” state can be as scheduled way or as non-scheduled way.
Conclusion
In this contribution, we analyze the potential data transmission mechanism in “inactive” state and provide corresponding observations and proposals.
Observation 1: If the data cannot be transmitted in “inactive” state, the signaling overhead caused by state transition for transmitting very infrequent small data transmission brings great challenge to system capacity and network entity processing capability.
Observation 2: If the data cannot be transmitted in “inactive” state, UE power is mainly consumed on state transition procedure for infrequent small data transmission.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Proposal 1: Downlink and uplink data can be transmitted in “inactive” state.
Proposal 2: A set of common resource can be allocated in a cell for downlink and uplink data transmission in “inactive” state 
Proposal 3: Data transmission in “inactive” state is contention-based.
Proposal 4: Data transmission on the common resource in “inactive” state can be as scheduled way or as non-scheduled way.
Reference
[1]	3GPP TR 38.913 V0.3.0
[2]	RAN2 #94bis Chairman Notes.



R2-164777
image1.emf
UE

RAN

UE is in inactive state

UE has data to 

be transmitted

RRC resume message

RRC resume confirm message

Data tranfer

RRC suspend message

RRC suspend complete message


Microsoft_Visio_Drawing11111.vsdx
UE
RAN
UE is in inactive state
UE has data to be transmitted
RRC resume message
RRC resume confirm message
Data tranfer
RRC suspend message
RRC suspend complete message



