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In RAN Plenary Meeting #80, a new WID on Rel-16 MTC enhancements for LTE was agreed, and one of the objectives is to improve UL transmission efficiency and/or UE power consumption with following description [1]:
· 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
The concept of transmission in preconfigured UL resources is similar to existing UL SPS, i.e., no dynamic scheduling for each PUSCH. For transmission in preconfigured UL resources in RRC-connected mode, legacy UL SPS may be enough and needn’t any enhancement. For transmission in preconfigured UL resources in RRC-idle mode, possible specification direction is not clear, e.g. dedicated resources or shared resources. In this contribution, we try to address the possible direction to specify support for transmission in preconfigured UL resources for Rel-16 MTC.  
Transmission in preconfigured UL resources
In RRC-connected mode 
Transmission in preconfigured UL resources means grant-free UL transmission, i.e., no dynamic scheduling signaling. There may be multiple possibilities considering diverse signaling for UL resources configuration, 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 L1 signaling is supported for resource reconfiguration in Type 2. And, there may be resource wasting during the ambiguity time of RRC signaling carrying resource configuration in Type 1. For a BL/CE UE, considering latency performance is not important, existing UL SPS mechanism is more practical than other grant-free transmission like Type 1.
For a BL/CE UE, legacy UL SPS mechanism has been supported in Rel-13, and it is directly reused wihout any modification, including high layer configuran of SPS parameters and activation/deactivation of SPS resources via a DCI scrambled with SPS C-RNTI. For transmission in preconfigured UL resources in RRC-connected mode, the functionality of existing UL SPS is enough and no any enhancement is needed for Rel-16 MTC. 
Proposal #1: For Rel-16 MTC, no any enhancement is needed for existing UL SPS in RRC-connected mode.
In RRC-idle mode 
For transmission in preconfigured UL resources in RRC-idle mode, there are at least following benefits comparing with that in RRC-connected mode:
· Procedure for RRC conncetion setup/resume can be saved
· DL assignment monitoring can be saved
· DL CSI measurement can be saved
The above benefits can significantly reduce overall UE power consumption and improve UL transmission efficiency. Therefore,  transmission in preconfigured UL resources in RRC-idle mode should be specified for Rel-16 MTC. For a BL/CE UE in RRC-idle mode, if only UL data arrives and no any DL data arrives, RRC connection setup/resume needn’t be requested and the arrived UL data can be directly transmitted in preconfigured UL resources.
Proposal #2: For Rel-16 MTC, transmission in preconfigured UL resources in RRC-idle mode should be specified.
1.1.1 Traffic model
To specify support for transmission in preconfigured UL resources in RRC-idle mode, the applicable traffic model should be firstly discussed to guide the design direction, e.g., packet size and traffic periodicity. The first type of applicable traffic model may be a small packet with a large periodicity, e.g., regular data reporting like smart meter, wherein, the traffic periodicity may be at the level of minutes/hours. Thus, the preconfigured UL resources can be reserved with an ultra-long periodicity, which is much larger than existing maximum SPS interval of 640ms. The second type of applicable traffic model may be voice traffic, which is typically matched to existing SPS feature. Besides the above two types of applicable traffic model, another application scenario may be similar to Rel-15 EDT feature, but the packet size may be much larger than the maximum allowed TBS of 1000bits for EDT. As the latency performance may not be cared, the large packet can be segmented into multiple TBs to be transmitted in preconfigured UL resources with a small periodicity.
For the last two applicable traffic models, the existing SPS interval, i.e., 10~640ms, can be reused for the preconfigured UL resources in RRC-Idle mode. For the first type of applicable traffic model, i.e., a small packet with a large periodicity, an ultra-long periodicity at the level of minutes/hours needs to be introduced for the preconfigured UL resources. The ultra-long periodicity of resource reservation may complicate resource allocation at eNB side. Therefore, further study is needed to conclude whether to introduce an ultra-long periodicity at the level of minutes/hours for the preconfigured UL resources in RRC-Idle mode.
Proposal #3: Further study whether to introduce an ultra-long periodicity at the level of minutes/hours for transmission in preconfigured UL resources in RRC-idle mode.
1.1.2 Dedicated resources or shared resources
On preconfigured UL resource, one description in WID is that “both shared resources and dedicated resources can be discussed”. If the preconfigured UL resource 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. But PUSCH collision cannot be avoided, and contention resolution is needed to ensure the reliability. For example, like two-step PRACH procedure, UE ID can be carried in the PUSCH transmitted in the shared UL resources, and contention resolution signaling carrying the same UE ID will be monitored. From UE perspective, additional power consumption may be caused by introducing contention resolution and possible PUSCH collision. In addition, comparing with the case that two or multiple PRACH preambles collides, successful decoding/detection will be more challenged for the case that two or multiple PUSCHs collides. Considering orthogonal multi-access schemes, the capacity of configurable shared UL resources will be very limited. Thus, collision probability will be enlarged. Therefore, it is difficult to evaluate the gain of using shared resource for transmission in preconfigured UL resources with orthogonal multi-access schemes. 
Observation #1: It’s difficult to evaluate the gain of using shared resource for transmission in preconfigured UL resources with orthogonal multi-access schemes.
Since there is no obvious gain for using shared resources and introducing shared resources may cause much more specification effort, dedicated resources should be considered. Therefore, at least for Rel-16 MTC, just consider dedicated resource and not consider shared resource for transmission in preconfigured UL resources in RRC-idle mode. The following discussion on resource activation/deactivation is exactly based on the assumption of dedicated resource.
Proposal #4: For Rel-16 MTC, transmission in preconfigured UL resources in RRC-idle mode should be based on dedicated resources rather than shared resources.
1.1.3 Resource activation/deactivation
For existing SPS mechanism, resource activation/reactivation/deactivation is supported via DCI signaling. For Type 1 grant-free UL transmission in NR system, resource activation/reactivation/deactivation is supported via RRC signaling. Via DCI or RRC signaling, resource can be activated/deactivated to improve the efficiency of resource utilization. For example, eNB can activate an UL resource when an UE is expected to transmit UL data, and deactivate the UL resource when the UE’s UL transmission is expected to be finished. 
In RRC-connected mode, periodic BSR reporting and ongoing dynamically scheduled UL data transmission may be helpful for eNB to decide whether to activate an UL resource for SPS transmission. In RRC-idle mode, since there is no periodic BSR reporting or other UL transmission, it seems to be impossible for eNB to know UE’s UL traffic status. To achieve a similar effect as in RRC-connected mode, UE can trigger resource activation, i.e., UE can request an UL resource for periodic data transmission in RRC-idle mode. For a IOT UE, considering the overall duration time in RRC-idle mode is much larger than that in RRC-connected mode, resource activation/deactivation according to UE’s UL traffic status is more important in RRC-idle mode.
Observation #2: Resource activation triggered/requested by UEs in RRC-idle mode can improve the efficiency of resource utilization. 
Alternatively, preconfigured UL resource may be reserved during an absolutely long time and needn’t be activated/deactivated according to UE’s UL traffic status. Regardless of whether there is arrived UL data for a UE, the preconfigured UL resource is always reserved for the UE. If the preconfigured UL resource is reserved with a ultra-long periodicity, e.g., at the level of minutes/hours as discussed above, the overall resource overhead may be acceptable. Considering UL data may generally arrive at least once during the ultra-long time, the efficiency of resource utilization can be guaranteed.
Observation #3: If preconfigured UL resource is reserved with a ultra-long periodicity at the level of minutes/hours, resource activation/deactivation may be unnecessary.
The above cases may be possible and suitable for different traffic model. As discussed in traffic model, For the traffic model of a small packet with a large period, resource activation/deactivation may not be needed. Resource activation triggered by UE is suitable to a burst voice traffic or a burst large packet. However, resource activation triggered by UE may introduce additional UL transmission, which will cause additional UE power consumption and additional UL resources. Therefore, further study is needed to conclude whether to support resource activation triggered by UE in RRC-idle mode.
Proposal #5: Further study whether to support resource activation triggered/requested by UE in RRC-idle mode for transmission in preconfigured UL resources.
1.1.4 TA acquisition
In the new WID on Rel-16 MTC [1], the transmission in preconfigured UL resources is “with a valid timing advance”. This means the transmission in preconfigured UL resources without valid TA (Timing Advance) is not allowed. In RRC-connected mode, TA acquisition is not an issue. But in RRC-idle mode, UE needn’t acquire TA since there is no any UL transmission. Therefore, one important problem in RRC-idle mode is how to acquire a valid TA to support transmission in preconfigured UL resources.  
For a stationary BL/CE 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 #4: For a stationary BL/CE UE, it is feasible to use the TA acquired in RRC-connected mode for transmission in preconfigured UL resources in RRC-idle mode.
For a non-stationary BL/CE 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. And, only contention based PRACH procedure can be used in RRC-idle mode. However, the PRACH procedure with four steps contention resolution may cause considerable UE power consumption and UL/DL resource consumption. Thus, the benefit of transmission in preconfigured UL resources in RRC-idle mode may be limited. Therefore, further study is needed to conclude whether to support non-stationary BL/CE UE for transmission in preconfigured UL resources in RRC-idle mode.
Observation #5: For a non-stationary BL/CE UE, TA needs to be reacquired before transmission in preconfigured UL resources in RRC-idle mode.
Proposal #6: Further study whether to support non-stationary BL/CE UEs for transmission in preconfigured UL resources in RRC-idle mode.
3. Conclusion
In this paper, we discussed possible direction to specify support for transmission in preconfigured UL resources for Rel-16 MTC. Based on above discussion, we have the following observations: 
Observation #1: It’s difficult to evaluate the gain of using shared resource for transmission in preconfigured UL resources with orthogonal multi-access schemes.
Observation #2: Resource activation triggered/requested by UEs in RRC-idle mode can improve the efficiency of resource utilization. 
Observation #3: If preconfigured UL resource is reserved with a ultra-long periodicity at the level of minutes/hours, resource activation/deactivation may be unnecessary.
Observation #4: For a stationary BL/CE UE, it is feasible to use the TA acquired in RRC-connected mode for transmission in preconfigured UL resources in RRC-idle mode.
Observation #5: For a non-stationary BL/CE UE, TA needs to be reacquired before transmission in preconfigured UL resources in RRC-idle mode.
And following proposals based on above observations:
Proposal #1: For Rel-16 MTC, no any enhancement is needed for existing UL SPS in RRC-connected mode.
Proposal #2: For Rel-16 MTC, transmission in preconfigured UL resources in RRC-idle mode should be specified.
Proposal #3: Further study whether to introduce an ultra-long periodicity at the level of minutes/hours for transmission in preconfigured UL resources in RRC-idle mode.
Proposal #4: For Rel-16 MTC, transmission in preconfigured UL resources in RRC-idle mode should be based on dedicated resources rather than shared resources.
Proposal #5: Further study whether to support resource activation triggered/requested by UE in RRC-idle mode for transmission in preconfigured UL resources.
Proposal #6: Further study whether to support non-stationary BL/CE UEs for transmission in preconfigured UL resources in RRC-idle mode.
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