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1 Introduction
During the last RAN2 #95bismeeting, the “inactive state” was discussed and some progress was made for further study. In this contribution, we analyze the benefits to transmit data in “inactive state” and provide a solution in which uplink and downlink data can be transmitted in the pre-configured common resources.
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
[bookmark: OLE_LINK133]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.Compared to the user data, control plane overhead brings great challenge to system capacity and network entity processing capability.  
[bookmark: OLE_LINK8][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Observation 1: 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 only one packet needs to be sent or received. 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: UE power is mainly consumed on state transition procedure for infrequent small data transmission.
Proposal 1: Downlink and uplink data can be transmitted in “inactive” state.
Proposed ways for 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 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 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 to be transmitted.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Proposal 2: A set of common resource can be allocated in a cell for downlink and uplink data transmission in “inactive” state.
The transmit format including TBS and MCS can also be semi-statically configured with the common resource configuration, which can save the physical control channel overhead. Data can be sent on the pre-configured resource with the pre-configured MCS or transmit format.



Figure 2: Downlink data transmission in “inactive state” on the common resource
For downlink data transmission as illustrated in Figure 2, UE monitors the downlink common resource with DRX, and the monitoring occasion could be overlap with paging occasion in order to save UE power consumption. Furthermore, a UE ID will be included in the downlink PDU to identify the UE. 
If acknowledgement is required for the downlink data, UE can initiate the uplink data transmission procedure as illustrated in Figure 3 for sending the acknowledgement PDU.
Proposal 3: For downlink, data can be transmitted in the downlink common resource with the pre-configured transmit format, and UE monitors the downlink common resource with DRX.
Proposal 4: The monitoring occasion for common resource could be aligned with the paging occasion in order to save UE power consumption.
Proposal 5: The acknowledgement PDU for downlink data could be transmitted as the uplink data in “Inactive” state.


Figure 3: Uplink data transmission in “inactive state” on the common resource
For uplink data transmission, a set of uplink common resources are allocated to the UE via system information. When the uplink data arrives, if needed, UE initiates the UL synchronization procedure using the random-access resources. After receiving the TA command from network, UE transmits uplink data on the allocated uplink common resources with the pre-configured transmit format.
[bookmark: _GoBack]If acknowledgement is required for the downlink data, UE can monitor the downlink common resources for a time duration after sending the uplink data. 
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Proposal 6: For uplink, data can be transmitted in the uplink common resource with the pre-configured transmit format.
Proposal 7: The acknowledgement PDU for uplink data could be transmitted as the downlink data in “Inactive” state.
Proposal 8: A UE ID needs to be included in each uplink and downlink PDU for contention resolution.
Conclusion
In this contribution, we analyze the potential data transmission mechanism in “inactive” state and provide corresponding observations and proposals.
Observation 1: 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: 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: For downlink, data can be transmitted in the downlink common resource with the pre-configured transmit format, and UE monitors the downlink common resource with DRX.
Proposal 4: The DRX period for common resource monitoring could be aligned with the paging DRX period.
Proposal 5: The acknowledgement PDU for downlink data could be transmitted as the uplink data in “Inactive” state.
Proposal 6: For uplink, data can be transmitted in the uplink common resource with the pre-configured transmit format.
Proposal 7: The acknowledgement PDU for uplink data could be transmitted as the downlink data in “Inactive” state.
Proposal 8: A UE ID needs to be included in each uplink and downlink PDU for contention resolution.
Reference
[1]	3GPP TR 38.913 V0.3.0
[2]	RAN2 #95bis Chairman Notes.



R2-167479

image2.emf
UE RAN

Common resource allocation via system information

UE monitor the 

downlink resource 

with applicable DRX

Data transmission on common resource (user data & UE ID)


Microsoft_Visio_Drawing122.vsdx
UE
RAN
Common resource allocation via system information
UE monitor the downlink resource with applicable DRX
Data transmission on common resource (user data & UE ID)



image3.emf
UE RAN

UL common resource allocation via system information

UE has UL data to 

be transmitted

Data transmission on common resource (user data & UE ID)

UL sync request

UL sync response (TA)


Microsoft_Visio_Drawing233.vsdx
UE
RAN
UL common resource allocation via system information
UE has UL data to be transmitted
Data transmission on common resource (user data & UE ID)
UL sync request
UL sync response (TA)



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_Drawing11.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



