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1 Introduction
At RAN#80, the Rel-16 work items on additional enhancements for NB-IoT and Rel-16 MTC enhancements for LTE were approved [1][2]. One of the common objectives in this work item is support for transmission in preconfigured resources in idle and/or connected mode.
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
At RAN1#94, some agreements were listed as following for both NB-IoT and eMTC: 
Agreement

Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA

· FFS: Validation mechanism for TA

· FFS: How the pre-configured UL resources is acquired

Agreement
For transmission in preconfigured UL resources, the UE may use the latest TA of which its validity can be confirmed

Agreement 

Study both shared and dedicated resource for preconfigured UL resources. If both shared and dedicated resources are supported, strive for commonality in design of both resource types.

Agreement
HARQ procedures for transmission in preconfigured UL resources should be studied and the following aspects should be considered: 

· Whether to support HARQ;

· If supported, details of HARQ design including the number of HARQ processes;

· Whether ACK/NACK is necessary

Fallback mechanisms should be considered, e.g. fallback to legacy RACH/EDT procedures.

EDT (Early Data Transmission) was introduced in Rel-15 NB-IoT and eMTC to reduce UE power consumption. In Rel-16, transmission on preconfigured UL resource will be introduced to further reduce UE power consumption. In this document, we discuss the transmission in preconfigured resources and give some observations and proposals. 
2 Discussion
2.1 Use cases
In Rel-13/Rel-14, to transmit an UL data packet, a 4-step RACH procedure is performed and an RRC connection is established, after which the UL data packet can be transmitted in Msg5. 

Early Data Transmission (EDT) during the RACH procedure was introduced in Rel-15 [2]. By using EDT, the UL data packet can be transmitted in Msg3 and RRC connection establishment is avoided.

To further reduce the latency, power consumption and signalling overhead related to small UL data packet transmission, UL transmission in preconfigured resources will be specified in Rel-16. Therefore, once the UL data packet arrives and some conditions are satisfied, such as the UE has a valid TA, the UL data packet can be transmitted on the preconfigured resources directly. 
According to the Rel-16 WID [1] [2], in terms of UL transmission in preconfigured resources, both idle mode and connected mode can be considered. During Rel-15 SPS discussion for NB-IoT, there have been discussions about UL transmission in preconfigured resources, referred to as “idle mode SPS”. During Rel-15 discussions on UE differentiation, it was discussed that many NB-IoT applications have predictable patterns, e.g. a metering application where the UL data are reported every two hours. For other NB-IoT applications the scheduled communication time can also be predictable, e.g. the street lights which are switched off at 7:00 AM every day and a status is reported to the application platform. The same is also true for eMTC. For these applications, the eNB can reserve resources at the predicted time of traffic activity for UEs in idle mode with valid TA. This way, compared with UL EDT, MSG1 and MSG2 are skipped hence further UE power consumption and latency reduction are achieved. 
Observation 1: Considering that many NB-IoT/eMTC applications have predictable patterns and/ or scheduled communication time, it is feasible to reserve resources at the predicted time of traffic activity for UEs in idle mode. 
Proposal 1: UL transmission in preconfigured resources in idle mode is supported.
There have also been some optimizations for NB-IoT UL transmission in connected mode in Rel-15. A Rel-13/Rel-14 NB-IoT UE in connected mode, when an UL data packet arrives and the UE has no UL grant, performs a conventional 4-step contention-based RACH procedure to request an uplink grant. In Rel-15, different variants of Scheduling Request have been introduced, shortening the route for delivering a BSR [3]. Using physical layer SR, the UE can send a scheduling request for BSR either through a dedicated NPRACH resource or through a HARQ-ACK on NPUSCH format 2. Using UL SPS for BSR, the UE can directly send a BSR using a pre-assigned periodically-occurring resource.

To further optimize the UL transmission in connected mode, the UL data packet could be transmitted in a preconfigured UL resource without sending SR/BSR. However, as discussed during rel-15, there is no IoT applications with fixed size transmission at regular intervals in connected mode. In that case, without BSR, the eNB cannot determine a suitable resource for the UL data. As a result, there is almost no power consumption gain in using UL transmission in preconfigured resources in connected mode compared to sending SPS BSR. 

Observation 2: In absence of regular traffic pattern in connected mode, there is almost no power consumption gain in transmitting UL data in preconfigured resource compared to sending a BSR.
Another aspect is that most NB-IoT UEs stay in idle mode for most of the time and send small UL data packet periodically or sporadically. Therefore UL transmission in preconfigured resources will be used more often in idle mode. The same is also applicable to eMTC.
Proposal 2: UL transmission in preconfigured resources in idle mode is prioritised.
2.2 Trigger conditions

The trigger conditions for UL transmission in preconfigured resources need to consider several aspects: 
· Valid TA: this is clearly described in WID that the feature is for UEs with a valid timing advance.
· Packet size and traffic profile: the packet size and traffic profile is similar to UL EDT. E.g. allowing one uplink data transmission optionally followed by one downlink data transmission.The preconfigured packet size could be in a range 320-1000 bits.
· Stored radio configuration: especially for UP solution, the UE context needs to be stored in both UE side and eNB side. 
Proposal 3: The trigger conditions can take UL EDT as a reference with the additional condition of having a valid TA. 
2.3 Dedicated resources or shared resources

In the following, we assume that ‘dedicated resources’ means collision free resources while ‘shared resources’ can be used by multiple UEs. 
To support dedicated resources, the eNB needs to preconfigure them to each UE using RRC dedicated signaling. The UE communication pattern and traffic profile need to be known by eNB. Possibly whether the UE is stationary or not should also be considered as a mobile UE may not be able to use the preconfigured dedicated resource due to mobility. With all these information, the eNB can configure the UL resource, i.e time, TBS, MCS, number of repetitions, etc. to UEs. 
Proposal 4: The eNB can configure a dedicated UL resource via dedicated RRC signaling. To configure dedicated UL resources, the eNB needs to know the UE communication pattern, traffic profile and mobility. 
Whether shared resources are technically feasible is up to RAN1 design. It is worth mentioning that not knowing if and how these resources are used will require special blind decoding techniques at the eNB. Therefore, we think uplink transmission on dedicated resource should be prioritised from RAN2 point of view. 
Proposal 5: Dedicated resources are prioritised in RAN2.
2.4 Procedure for the CP solution 
The overall procedure for the CP solution is shown in figure 1. 
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Figure 1:  UL transmission in preconfigured resources for the Control Plane CIoT EPS Optimizations
Proposal 6: UL transmission in preconfigured resources for the Control Plane CIoT EPS Optimisation follows the UL EDT procedure for the Control Plane CIoT EPS Optimization minus steps 1 and 2 of the RACH procedure.
2.5 Procedure for UP solution 
The overall procedure for UP solution is shown in figure 2. 
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Figure 2: UL transmission in preconfigured resources for User Plane CIoT EPS Optimizations
Proposal 7: UL transmission in preconfigured resources for the User Plane CIoT EPS Optimisation follows the UL EDT procedure for the User Plane CIoT EPS Optimization minus steps 1 and 2 of the RACH procedure.
2.6 Fall-back for one shot transmission
If no resources are available or UL transmission in preconfigured resource fails due to resource collision, the UE can fall-back to UL EDT or to the legacy data transmission procedures. 
Proposal 8: If UL transmission in preconfigured resources cannot be used or fails, UE fall-backs to either UL EDT or the legacy UL data transmission procedures. 

If UL one shot transmission is successful and there is more than one DL packet to transmit, the eNB fall-backs to the legacy RRC connection establishment or resumption procedure, same as for UL EDT. 

Proposal 9: After a successful UL transmission in preconfigured resources, the eNB can decide to continue with the legacy procedure, same as for UL EDT. 
3 Conclusion
In this document, we have discussed the transmission in preconfigured UL resources and made the following observations and proposals:
Observation 1: Considering that many NB-IoT/eMTC applications have predictable patterns and/ or scheduled communication time, it is feasible to reserve resources at the predicted time of traffic activity for UEs in idle mode. 
Observation 2: In absence of regular traffic pattern in connected mode, there is almost no power consumption gain in transmitting UL data in preconfigured resource compared to sending a BSR.
Proposal 1: UL transmission in preconfigured resources in idle mode is supported.
Proposal 2: UL transmission in preconfigured resources in idle mode is prioritised.

Proposal 3: The trigger conditions can take UL EDT as a reference with the additional condition of having a valid TA. 
Proposal 4: The eNB can configure a dedicated UL resource via dedicated RRC signaling. To configure dedicated UL resources, the eNB needs to know the UE communication pattern, traffic profile and mobility. 
Proposal 5: Dedicated resources are prioritised in RAN2.
Proposal 6: UL transmission in preconfigured resources for the Control Plane CIoT EPS Optimisation follows the UL EDT procedure for the Control Plane CIoT EPS Optimization minus steps 1 and 2 of the RACH procedure.
Proposal 7: UL transmission in preconfigured resources for the User Plane CIoT EPS Optimisation follows the UL EDT procedures for the User Plane CIoT EPS Optimization minus steps 1 and 2 of the RACH procedure.
Proposal 8: If UL transmission in preconfigured resources cannot be used or fails, UE fall-backs to either UL EDT or legacy UL data transmission procedures. 

Proposal 9: After a successful UL transmission in preconfigured resources, the eNB can decide to continue with the legacy procedure, same as for UL EDT. 
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