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In RAN1#94 Meeting, there are following agreements on transmission in preconfigured UL resources for NB-IOT [1]:
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.
In this contribution, we discussed some issues to specify support for transmission in preconfigured UL resources for NB-IOT.  
Transmission in preconfigured UL resources
RRC-connected mode 
Transmission in preconfigured UL resources means grant-free UL transmission, i.e., no dynamic scheduling DCI. There may be multiple possibilities considering diverse signaling for pre-configuration of UL resources, e.g., L1, L2 and/or L3 signaling. In 5G NR system, two types of grant-free UL transmission are specified, wherein, Type 2 grant-free UL transmission is the same as UL SPS in LTE system and Type 1 grant-free UL transmission introduces semi-static resource configuration in RRC without L1 signaling. Comparing with Type 2, Type 1 can improve latency performance, e.g., arrived data can be immediately transmitted in preconfigured UL resources and needn’t wait L1 signaling for resources activation. But, the flexibility of resource allocation in Type 1 is worse than Type 2 since resource activation/reactivation/deactivation is based on L1 signaling in Type 2. And, there may be resource wasting during the ambiguity time of RRC signaling for resource configuration/reconfiguration in Type 1. For a NB-IOT UE, latency performance may not be an important metric. Thus, existing UL SPS with L1 signaling for resource activation/reactivation/deactivation is more practical than other grant-free transmission like Type 1.
For NB-IOT, legacy UL SPS has been supported for periodic BSR in Rel-15, and it can be directly extended to data transmission without any modification. If UL SPS is enabled for data transmission, UL SPS configuration for periodic BSR is unnecessary since BSR can be transmitted with data. For transmission in preconfigured UL resources in RRC-connected mode, the functionality of legacy UL SPS is enough and no any enhancement is needed for Rel-16 NB-IOT. 
Proposal #1: For Rel-16 NB-IOT, UL SPS in RRC-connected mode can be extended to data transmission from periodic BSR.
RRC-idle mode 
In the last RAN1 meeting, it has been agreed that transmission in preconfigured UL resources is supported for UEs in possession of a valid TA. And, some issues are FFS, e.g., dedicated resources or shared resources, how the preconfigured UL resource is acquired, resource activation/deactivation, TA acquisition, HARQ procedures, and fallback mechanism. In following sub-section, we discussed these issues and provided our views.
1.1.1 Dedicated resources or shared resources
If preconfigured UL resources is shared by all of UEs or a group of UEs in RRC-idle mode, one benefit is to improve the efficiency of resource utilization. However, PUSCH collision would be caused. Contention resolution is needed to ensure the reliability of contention based PUSCH, and it may cause more specification effort. For example, like two-step PRACH procedure, UE ID can be carried in the contention based PUSCH transmitted in the shared UL resources, and contention resolution signaling carrying the same UE ID will be monitored. From the perspective of UE, additional power consumption may be caused due to the monitoring of contention resolution signaling. Moreover, assuming only orthogonal multi-access schemes can be used, the capacity of configurable shared UL resources will be very limited comparing with PRACH capacity. Thus, the probability of PUSCH collision will be very large, and successful decoding of collided PUSCH will be more challenged comparing with PRACH collision at eNB side. Therefore, it is difficult to evaluate the gain of using shared resources for transmission in preconfigured UL resources with orthogonal multi-access schemes. 
Observation #1: It’s difficult to evaluate the gain for transmission in shared UL resources with orthogonal multi-access schemes.
Using shared resources may cause much more specification effort, more UE power consumption, and more challenge for eNB receiver, and there is no obvious gain. For dedicated resources, reliability can be guaranteed, and the related design is expected to be simple. Therefore, at least for Rel-16 NB-IOT, just consider dedicated resource and not consider shared resource for transmission in preconfigured UL resources in RRC-idle mode. 
Proposal #2: Transmission in preconfigured UL resources should be based on dedicated resource rather than shared resource.
1.1.2 How the preconfigured UL resources is acquired
To support transmission in preconfigured UL resources in RRC-idle mode, one problem is how the preconfigured UL resources is acquired. If the preconfigured UL resource is shared, it can be broadcasted in system information. If dedicated resource is used, the preconfigured UL resources can be acquired via UE-specific RRC signaling, i.e., UL resources  can be configured in RRC-connected mode and used in RRC-idle mode. And, one reasonable application condition is that the preconfigured UL resources can be used within a predefined/preconfigured timer. The timer can be started after receiving the configuration of UL resources or after switching to RRC-idle mode. When the timer is expired, the preconfigured UL resources shouldn’t be used. In addition, since cell reselection may happen for UEs in RRC-idle mode, the preconfigured UL resources should be reserved by multiple neighboring cells at least within in a Tracking Area. Thus, even the camped cell of a UE with preconfigured UL resources is changed due to cell reselection, the preconfigured UL resources can still be used.
Proposal #3: The preconfigured UL resources can be acquired via UE-specific RRC signaling before switching to RRC-idle mode if dedicated resource is used.
1.1.3 Resource activation/deactivation
If the preconfigured UL resources is shared and broadcasted in system information, additional activation/deactivation of resources is unnecessary. If the preconfigured resources is dedicated and acquired via UE-specific RRC signalling, resource activation/deactivation may be possible to improve the efficiency of resource utilization since the preconfigured resource may not be always used. For example, considering a relatively large network load, eNB can take back the preconfigured UL resources for other purpose, and indicate resource activation/deactivation in system information. Here, the signalling of activate/deactivation is used for all of UEs with preconfigured UL resources. If deactivation is indicated, the preconfigured UL resource shouldn’t be used, and EDT/RACH procedure can be used for transmission of UL data.
Observation #2: Resource activation/deactivation can be considered if the preconfigured UL resources is dedicated. 
1.1.4 TA acquisition
For a stationary NB-IOT UE, which is possible for some application scenario of IOT service, TA value is mostly unchanged. In this case, it is feasible that the TA value acquired in RRC-connected mode can be stored and used for transmission in preconfigured UL resources in RRC-idle mode. If UE can report the characteristic of stationary to eNB or eNB can know the characteristic of stationary by some smart measurement, the parameter ‘TimeAlignmentTimer’ to control the validity duration of TA can be configured as ‘infinity’. Thus, the TA value in RRC-connected mode can be always stored even RRC-connection is released.
Observation #3: For a stationary NB-IOT UE, it is feasible to use the TA acquired in RRC-connected mode.
For a non-stationary NB-IOT UE, which is a normal case for wearable IOT devices, TA value may be frequently changed. In this case, it is necessary to reacquire TA before starting transmission in preconfigured UL resources in RRC-idle mode. To support all of the possible change range of TA, PRACH procedure may be required and TA can be acquired in RAR. If contention based PRACH procedure is used for TA acquisition, four steps of contention resolution may cause considerable UE power consumption and UL/DL resource consumption. Thus, it seems to be no difference between preconfigured transmission and normal RACH procedure, and the benefit of preconfigured transmission in RRC-idle mode may be limited. Therefore, dedicated PRACH preamble and two steps of procedure are preferred for TA acquisition. Assuming the preconfigured UL resources is dedicated, the used PRACH preamble can be preconfigured together with UL resources.
Proposal #4: For a non-stationary NB-IOT UE, TA can be acquired via dedicated PRACH preamble.
1.1.5 HAQR procedure
[bookmark: _GoBack]In order to ensure reliability of the transmission in preconfigured UL resources in RRC-idle mode, at least HARQ retransmission should be supported. Similar to current UL SPS, the retransmission can be based on dynamically scheduled UL resources. Thus, UEs in RRC-idle mode should monitor a DCI for retransmission scheduling within a preconfigured window after transmitting PUSCH in preconfigured UL resources. And, the DCI should be monitored in a common search space. If shared resource is used, the RNTI used by the DCI can be implicitly determined by the used UL resources, which is similar to determination of current RA-RNTI. If dedicated resource is used, the RNTI used by the DCI can be preconfigured together with the UL resources, e.g., with a UE specific signalling. 
Proposal #5: At least HARQ retransmission should be supported for transmission in preconfigured UL resources.
If contention resolution mechanism is used for shared resources, ACK has been implied by contention resolution signaling, and dedicated ACK signaling is unnecessary. For dedicated resources, ACK can be considered to terminate DCI monitoring in the preconfigured window for UE power consumption reduction, and the ACK can be conveyed by a DCI. When the ACK DCI is received, the UE in RRC-idle mode can immediately terminate DCI monitoring and go to sleep.
Proposal #6: ACK DCI can be considered if the preconfigured UL resources is dedicated.
1.1.6 Fallback mechanism
To guarantee reliability and provide flexibility, fallback mechanism should be supported. For example, if contention resolution is not successful assuming the preconfigured UL resources is shared, or ACK DCI is not received assuming the preconfigured UL resources is dedicated, UE can fall back to EDT procedure if data volume is less than allowed maximum TBS, or fall back to RACH procedure to setup/resume RRC connection for delivering UL data. In addition, during the procedure of transmission in preconfigured resources, fallback triggered by eNB can be supported, e.g., via DCI to indicate fallback to EDT/RACH procedure. The explicit fallback signalling can terminate DCI monitoring to further reduce UE power consumption.
Observation #4: Using DCI to indicate fallback to EDT/RACH procedure can be considered for fallback triggered by eNB. 
3. Conclusion
In this paper, we discussed possible issues to specify support for transmission in preconfigured UL resources for NB-IOT. Based on above discussion, we have the following observations: 
Observation #1: It’s difficult to evaluate the gain for transmission in shared UL resources with orthogonal multi-access schemes.
Observation #2: Resource activation/deactivation can be considered if the preconfigured UL resources is dedicated. 
Observation #3: For a stationary NB-IOT UE, it is feasible to use the TA acquired in RRC-connected mode.
Observation #4: Using DCI to indicate fallback to EDT/RACH procedure can be considered for fallback triggered by eNB. 
And following proposals based on above observations:
Proposal #1: For Rel-16 NB-IOT, UL SPS in RRC-connected mode can be extended to data transmission from periodic BSR.
Proposal #2: Transmission in preconfigured UL resources should be based on dedicated resource rather than shared resource.
Proposal #3: The preconfigured UL resources can be acquired via UE-specific RRC signaling before switching to RRC-idle mode if dedicated resource is used.
Proposal #4: For a non-stationary NB-IOT UE, TA can be acquired via dedicated PRACH preamble.
Proposal #5: At least HARQ retransmission should be supported for transmission in preconfigured UL resources.
Proposal #6: ACK DCI can be considered if the preconfigured UL resources is dedicated.
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