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Discussion and Decision
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.
2 Discussion
As per the objective of the work item both idle and connected mode transmission of uplink transmission over preconfigured resources should be supported. For connected mode transmission over the preconfigured transmissions, the physical layer signaling procedures can be used for sending data over these resources as similar to other scheduled transmissions. In this case the user packets are sent as DRB so no RRC signaling is involved here. In this discussion paper we further analyse on the signaling procedures associated with the uplink transmission over preconfigured resources in idle mode.
When the UE in idle mode is configured with preconfigured resources for uplink transmission, this configuration should also include the maximum TBS associated with the resources and also possible smaller sizes which the eNB can detect if the UE is using these resources for smaller size transmission. Here the preconfigured resource configuration related to TBS can re-use the same principles of uplink EDT transmission.

For uplink transmission using preconfigured resources (can also be called as PGT-Preconfigured Grant Transmission) in idle mode, shared resources as similar to NPRACH configuration will improve the overall resource efficiency compared to assigning dedicated resources for each of the idle mode UE. But in case if the UE’s uplink traffic follows pre-determined pattern as similar to semi-persistent scheduling with longer periodicity, dedicated resources will be beneficial. For UE whose uplink transmission is not deterministic in idle mode, shared configuration is more efficient from resource usage perspective. In such situations, uplink transmission may need to follow signaling procedure which also allows contention resolution because of possible collision in these transmissions.
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 1: For uplink transmission over preconfigured resources in idle mode, the signaling procedure defined for uplink EDT transmission can be reused.

Proposal 2: 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 3: 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: It is possible to enhance the signaling procedure for uplink PGT with shared resources if ENB supports multiple decoding.
3 Summary

We analyze the signaling procedure associated with the uplink transmission over preconfigured resources and make following assumptions and proposals.

Proposal 1: For uplink transmission over preconfigured resources in idle mode, the signaling procedure defined for uplink EDT transmission can be reused.

Proposal 2: 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 3: Dedicated signaling is prefered over system information broadcast for sending the resource configuration associated with the preconfigured grant transmission.
Observation: It is possible to enhance the signaling procedure for uplink PGT with shared resources if ENB supports multiple decoding.
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