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1 Introduction
New WI for further enhancements to NB-IoT [1] was approved in RAN#80. One of the objective of this WI is to introduce uplink transmission over preconfigured resources for UE having valid timing advance. The scope of this objective as mentioned in [1] is given below.
Improved UL transmission efficiency and/or UE power consumption:

· Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance[RAN1, RAN2, RAN4]

· Both shared resources and dedicated resources can be discussed

· Note: This is limited to orthogonal (multi) access schemes

In this paper, we analyse the signaling procedure associated with the uplink transmission in preconfigured resources for different modes of UE.

Following are the agreements made in RAN2-103bis for uplink transmission over preconfigured resources (PUR).

	Transmission in dedicated preconfigured uplink resources in IDLE mode is supported for UEs with a valid timing advance.

Initially we will focus on dedicated preconfigured uplink resources in idle mode

· Shared resources can also be discussed


We further discuss the signaling procedures and configurations related to dedicated preconfigured uplink transmission in idle mode. We also further discuss the need to support other options for shared PUR options including contention free and contension based solutions.
2 Signaling Procedures for Dedicated Preconfigured Uplink resource for Idle mode.
Dedicated preconfigured resources for uplink transmission in idle mode is required for the scenarios where the UE is expected to send frequent small data transmission in uplink with the known periodicity in idle mode. To activate the transmission over preconfigured uplink resources, UE needs to establish the RRC connection at least once in the cell and obtain the configuration related to preconfigured uplink transmission including the uplink grant information assigned for these transmissions along with the periodicity of the uplink grant. ENB needs to know the chanracteristics of the frequent small data transmission in idle state to configure the suitable parameter for uplink grant, transport size and the periodicity. For this purpose, ENB can obtain these details from CN as part of the first RRC connection setup which is used to activate the preconfigured uplink transmission or the UE can inform such details as part of its request for preconfigured uplink transmission in idle mode.
Observation 1:  ENB should know the parameters associated with idle mode small data transmission such as periodicity and possible packet sizes associated with the small data transmission to activate the dedicated the transmission over preconfigured resource in idle mode.  
When the ENB activates the preconfigured resource for uplink transmission in idle mode, ENB should also configuration additional parameter to indicate the duration over which the resources are available. This additional parameter is required to avoid reservation of resources for longer duration. When the ENB activates the preconfigured resources with certain validation timer, UE can request for further extension of the resources via dedicated signaling or as part of its uplink transmission over preconfigured resources.

Observation 2:  For better resource utilization the preconfigured uplink resources are activated for shorter duration with further extension of the resources decided based on UE request for additional resources during preconfigured transmissions.  
As the uplink transmission over preconfigured resources requires possession of valid timing advance at UE, the UE needs to check whether the last received timing advance is valid prior to its next opportunity for PUR transmission. In case if the timing advance is not valid as per UE internal measurements and validation mechanisms (which could be based on RAN1 mechanism), following options are possible at UE.
· UE can attempt to obtain the latest timing advance by sending preamble from set of dedicated random access preambles assigned for this purpose and get the timing advance before next PUR opportunity. With this option the UE can continue to use the assigned preconfigured resources with the updated timing advance value.

· UE waits for the application trigger for uplink transmission which is also aligned with the PUR transmissions and triggers either RRC connection setup or uplink EDT procedure to send the uplink data associated with the specific PUR transmission window. In this case, ENB will not detect any activity over the configured uplink resources instead ENB gets random access procedure for uplink transmission. At the end of RRC connection setup procedure or EDT procedure, ENB can reactivate the preconfigured uplink transmission in this case. For this option, one or more PUR resources allocated for the UE are not utilized as the UE is attempting either RRC connection setup or EDT during this time.
Proposal 1: RAN2 further decide on UE behavior on detection that the TA is not valid between the following options.
· New signaling procedure to obtain the latest timing advance prior to next uplink transmission opportunity with UE continue to use the assigned preconfigured resources with latest timing advance.
· Initiate RRC connection setup or uplink EDT procedure when the next uplink transmission is requested from application.
For preconfigured uplink transmission functionality ENB allocates resources in advance with regular interval for certain period expecting the UE to send uplink transmission over these resources. In some cases, if the UE switches off or if the UE moves to another cell during the period of the resource reservation, the assigned resources are left unused without ENB knowing the UE inactivity. To avoid this possible issue associated with resource utlisation, the ENB can decide to release the assigned resources for PUR if ENB detects the inactivity on the resources more than specific consecutive uplink opportunities, ENB can release the resources. 
Intermediate signaling towards UE to inform the status of the assigned preconfigured resources is also required for the scenarios, where ENB wants to deactivate the preconfigured resources to assign the resources for some high priority UE or services.

Proposal 2 : RAN2/RAN1 Further study the activity detection mechanism on the preconfigured uplink resources to identify the situations where the UE no longer uses the assigned resources. 

Proposal 3: RAN2 further analyse the signaling procedure required to inform UE about the validity of preconfigured uplink resources assigned to UE.
3 Shared Resources for Preconfigured uplink transmission in idle mode
Use of dedicated resources for uplink transmission over preconfigured resource in idle mode is more suitable for the scenarios where the idle mode small data transmission is periodic in nature with fixed payload size for each of the transmissions. Moreover assigning dedicated resources for each of the UE in idle mode in non-overlapping manner will also increase the ENB complexity in terms of scheduling flexibility of other users along with the PUR transmissions. Many of the idle mode small data transmission scenarios are not periodic and varies in the payload size at different instances.

In case of devices which are stationary having valid timing advance, to enable the freedom of uplink transmission timing, shared preconfigured resources similar to RACH resources are prefered across multiple devices. With such shared configuration, ENB also will have the flexibility to increase or decrease the shared resources for PUR transmission based on the activity over the assigned resources.

Observation 3 : Preconfigured uplink transmission over shared resources is more suitable than dedicated resources in terms of flexibility and efficiency of resource usage.

Proposal 4 : Preconfigured uplink transmission in idle mode over shared resources should be supported.
For shared preconfigured resource configuration in idle mode UE, the complete procedure of uplink data transmission involves the following steps.

· UE transmission of small data using the preconfigured resources.

· eNB decoding and reception of the small data and eNB transmission of acknowledgment of the reception of the small data along with contention resolution information.

UE can reuse the same signaling messages used for uplink EDT transmission for the above steps with the difference that the UE sends the Msg3 directly on the preconfigured resources without Msg1 and Msg2. When the eNB sends the RRC message for the acknowledgement of the EDT transmission over the preconfigured resources, the RRC layer or the MAC layer can include the additional timing advance to be applied for further transmissions. In other words, the uplink transmission over preconfigured resources in idle mode can be seen as uplink EDT transmission without associated Msg1 and Msg2 transmissions.

Proposal 5 : For uplink transmission over shared preconfigured resources in idle mode, the signaling procedure defined for uplink EDT transmission can be reused.

Proposal 6: Maximum TBS configuration and support for smaller size TBS selection at UE are required for uplink transmission over preconfigured resources in idle mode as similar to uplink EDT.

If the resource information associated with the PGT are sent via system information, such information can be used by all the UE. This may lead to possibility of unauthorized UE attempting to send packets over these resources which will impact the uplink transmission of valid users. To mitigate this specific issue and also enable the control at ENB for enabling and resources for such direct uplink transmission functionality, it is prefered to signal the resource configuration via dedicated secured signaling procedure. The information associated with preconfigured resources can be given as part RRC connection procedure or EDT procedure. The resource configuration can be associated with validity timer or value tag which allow the ENB to modify the resources if needed. The UE will decide to acquire the latest information on preconfigured resources via dedicated signaling or EDT procedure if the validity timer expires or the value tag associated with the resources changes.

Proposal 7: Dedicated signaling is prefered over system information broadcast for sending the resource configuration associated with the preconfigured grant transmission.
The resource efficiency and energy efficiency of the procedure for PGT can be improved if the ENB and UE support additional physical layer functions for successful decoding of more than one uplink transmission at ENB over the preconfigured resources. In such cases the signaling procedure for EDT transmission over preconfigured resources needs to be further modified to support sending acknowledgment for more than one UE.

As per the existing signaling procedure for EDT transmission, when the UE receives the Msg4 containing EDT-Acknowlegment, the UE compares the contention resolution identifier and if it does not match with its identifier the UE restarts the random access procedure for EDT. When the similar procedure is used for PGT, the UE may need to wait for either next occurance of the preconfigured resources or trigger the random access procedure. In case if the ENB supports multiple decoding, the Msg4 containing EDT-Ack can also include additional contention resolution identifier to indicate acknowledgement of reception to another UE. Alternatively the RRC message can include parameter to indicate possibility of another RRC message to acknowledge from ENB for the preconfigured uplink transmission.

Observation 3: It is possible to enhance the signaling procedure for PUR transmission with shared resources if ENB supports multiple decoding.

4 Summary
We make following observations and proposals related to dedicated preconfigured resources for uplink transmission in idle mode.

Observation 1:  ENB should know the parameters associated with idle mode small data transmission such as periodicity and possible packet sizes associated with the small data transmission to activate the dedicated the transmission over preconfigured resource in idle mode.  
Observation 2:  For better resource utilization the preconfigured uplink resources are activated for shorter duration with further extension of the resources decided based on UE request for additional resources during preconfigured transmissions.  
Proposal 1: RAN2 further decide on UE behavior on detection that the TA is not valid between the following options.

· New signaling procedure to obtain the latest timing advance prior to next uplink transmission opportunity with UE continue to use the assigned preconfigured resources with latest timing advance.
· Initiate RRC connection setup or uplink EDT procedure when the next uplink transmission is requested from application.

Proposal 2 : RAN2/RAN1 Further study the activity detection mechanism on the preconfigured uplink resources to identify the situations where the UE no longer uses the assigned resources. 

Proposal 3: RAN2 further analyse the signaling procedure required to inform UE about the validity of preconfigured uplink resources assigned to UE.
We make following observations and proposals related to uplink transmission over preconfigured resources shared across multiple UE.

Observation 3 : Preconfigured uplink transmission over shared resources is more suitable than dedicated resources in terms of flexibility and efficiency of resource usage.
Observation 4: It is possible to enhance the signaling procedure for PUR transmission with shared resources if ENB supports multiple decoding.

Proposal 4 : Preconfigured uplink transmission in idle mode over shared resources should be supported.

Proposal 5 : For uplink transmission over shared preconfigured resources in idle mode, the signaling procedure defined for uplink EDT transmission can be reused.

Proposal 6: Maximum TBS configuration and support for smaller size TBS selection at UE are required for uplink transmission over preconfigured resources in idle mode as similar to uplink EDT.

Proposal 7: Dedicated signaling is prefered over system information broadcast for sending the resource configuration associated with the preconfigured grant transmission.
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