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1. Introduction

In the RAN #80 meeting, Rel-16 MTC enhancements for LTE was approved as a work item. According to [1], improved UL transmission efficiency and/or UE power consumption should be considered in Rel-16 MTC enhancements for LTE as follows
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 the RAN1 #94 meeting, following agreements on preconfigured UL resources were made [2]:
	Agreements
· 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

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

· 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.

· 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 discuss the motivations and consideration points for introducing the preconfigured UL resources in idle mode and/or connected mode in Rel-16 MTC enhancement for LTE. 
2. Discussion

2.1. Preconfigured UL resources in idle mode
In Rel-15 MTC, early data transmission (EDT) was introduced. Using EDT, the UE can transmit the UL data via MSG3 during the random access procedure. After UE transmitted the UL data via MSG3 and if the UE does not have any UL data, the UE may not need to setup the RRC connection. As a result, EDT can save the battery power of UE in RRC_Idle state.

Meanwhile, the transmission in preconfigured UL resources (i.e., PUR) in idle mode for UE with a valid timing advance is considered in Rel-16 MTC. If the transmission in preconfigured resources can work without the random access procedure, the UE may not need to transmit the MSG1 (i.e., NPRACH preamble), and may not need to monitor the common search space to receive the MSG2 (i.e., RAR), and also eNB may not need to allocate downlink/uplink resource for random access procedure. For these reasons, if the transmission in preconfigured resources can work without the random access procedure, it can save more battery power of UE than EDT and can reduce the downlink/uplink resource overhead.

Observation 1: If the transmission in preconfigured UL resources can work without MSG1 and/or MSG2, it can save more battery power than EDT, and can reduce the downlink/uplink resource overhead.
However, because the preconfigured resources for UE in RRC_Idle state is quite a new feature which was not introduced in the previous releases, the following issues need to be considered and discussed carefully in Rel-16 MTC.
2.1.1. Configuration/release of preconfigured UL resources
In legacy LTE, eMTC, NB-IoT and NR, the semi-persistent scheduling (i.e., SPS) was introduced at different release, but the configuration/release of SPS are always conveyed via RRC signaling to UE in RRC_Connected state. Regarding this point, even though the PUR is supported for UEs in idle mode, it can be considered as a baseline behavior that preconfigured UL resources is configured/released via RRC signaling to a UE during RRC_Connected state.
Proposal 1: It is considered as a baseline that preconfigured UL resources for idle mode is configured/released via RRC signaling to a UE during RRC_Connected state.

In addition to the above baseline behaviors, since the PUR is supported for UEs in idle mode, it may be useful to consider the following further approaches:

(1) Configuration/release by eNB based on paging procedure

Configuration/release of preconfigured UL resource using paging procedure can be considered. This approach can keep the UE’s RRC state as idle mode, but could increase the paging overhead of the network. Therefore, the power saving aspects of other UEs sharing the same paging occasion also needs to be considered as well.
(2) Configuration/release requested by UE based on existing RACH procedure

Configuration/release of preconfigured UL resource using RACH procedure can be also considered. For example, configuration/reconfiguration/release of preconfigured UL resource is transmitted via MSG4, after that the UE may not need to setup the RRC connection, as like an EDT procedure. This approach also can keep the UE’s RRC state as idle mode, but could increase the RACH overhead of the network.
(3) UE-autonomous release based on a timer
UE-autonomous release using release timer can be considered. For example, UE may automatically release the configured uplink resource when a predefined timer is expired (e.g., unless eNB confirms to keep the uplink resource).
(4) Activation/deactivation of PUR by eNB via DCI or paging
Since we discuss the transmission in preconfigured UL resources in RRC_Idle state now, we need to discuss whether the dynamic indication of activation/deactivation for preconfigured UL resources is necessary or not. If the dynamic indication is necessary, following options could be considered. 

Option 1) Activation/deactivation with specific search space monitoring
( The easiest way is making the UE in RRC_Idle state can monitor the search space for activation/deactivation of preconfigured UL resources. But, this approach may increase the search space monitoring burden of UE in RRC_Idle state.

Option 2) Activation/deactivation using paging procedure
( Activation/deactivation of preconfigured resource using paging procedure can be considered. It can keep the search space monitoring burden of UE in RRC_Idle state, but it could increase the paging overhead of the network.
Proposal 2: In addition to the configuration/release of preconfigured resource for idle mode during RRC_connected state, additional mechanism for configuration/release/activation/deactivation of preconfigured resource for idle mode during RRC_idle state should be discussed.
2.1.2. Validity of timing advance
According to agreement on timing advance [2], preconfigured UL resources is supported for UEs with RRC_Idle state in possession of a valid TA. Simply, using the assumption that the UE’s timing advance is stable may be considered. However, relying only on an assumption that the UE’s timing advance is stable is not desirable because this will limit the usefulness of preconfigured UL resources functionality to very narrow scenarios. Also, eNB’s awareness of a UE’s timing advance variation may be very slow, which results in waste of the preconfigured UL resources. 

Therefore, regarding the validity of UE’s timing advance, it is desirable to consider the following possible approaches.

(1) Timing advance validation based on timer

( In legacy LTE (also in MTC), a timer for timing advance validation of UEs in RRC_connected state is used. In a similar way, a timer may be defined where the UE in RRC_Idle state can assume current timing advance as valid until the timer expires.
(2) Timing advance validation using random access procedure
( Since timer-based approach may not guarantee that an idle UE is really still there with a same propagation delay, more proactive mechanism can be beneficial in confirming valid timing advance or updating timing advance value itself. Random access procedure can be considered for this purpose. To be specific, periodic preamble transmission can be considered, or aperiodic preamble transmission triggered by eNB (e.g., paging or DCI) can be also considered. 
If the timing advance is considered to be valid, the UE in RRC_Idle state can transmit in preconfigured UL resources. However, if the timing advance is considered not to be valid, the UE in RRC_Idle state may request EDT via random access procedure to transmit data, or the UE may try normal random access procedure to change its RRC state to RRC_Connected to request UL grant.
Proposal 3: Mechanism for timing advance validation is supported for preconfigured UL resource in idle mode, and the following candidates can be considered.
· Timing advance validation based on timer

· Timing advance validation using random access procedure
2.1.3. Support of skipping transmission in preconfigured UL resource
Support for skipping UL transmission on preconfigured UL resource for idle mode may depend on the type of services or scenario that the preconfigured UL resources support. For example, the skipping UL transmission may not necessary for the service with periodic report or metering on preconfigured UL resource. However, in some type of services, it is hard to estimate the traffic pattern, so it is considerable to use skipping UL transmission on preconfigured UL resources to increase the UE’s battery life. For these reasons, it is desirable to consider the skipping UL transmission can be configurable by eNB per preconfigured UL resource.

Proposal 4: Skipping UL transmission on preconfigured UL resource in idle mode is enabled or disabled by eNB configuration.

2.1.4. Dedicated and/or shared resource for preconfigured UL resources
According to agreement on resource type [2], both shared and dedicated resource for preconfigured UL resource for idle mode can be considered to support. Basically, as similar as legacy SPS in LTE and NR, dedicated resource for preconfigured UL resource in idle mode can be supported.

Proposal 5: Dedicated resource for preconfigured UL resource in idle mode is supported.

To support shared resource for preconfigured resource, a new collision resolution algorithm should be introduced. Regarding this point, modifying legacy EDT procedure, which exploits two components (i.e., RAPID and UE ID) for collision resolution, is efficient rather than introducing a new collision resolution algorithm.

Even if shared resource for preconfigured resource is designed based on EDT without MSG1, new mechanism for collision resolution based on MSG3 (e.g., DM-RS/scrambling random selection substitutes MSG1) should be introduced, which may not be proved to overweigh the resultant benefits.
Proposal 6: FFS whether to support shared resource for preconfigured UL resource.

2.1.5. MCS/TBS/CE for preconfigured UL resources
It can be considered as a baseline behavior that eNB should configure a single MCS/TBS/CE per preconfigured UL resource for idle mode. This approach has advantage on both eNB complexity and simple specifications.

On top of that, it can be studied further if flexible MCS/TBS/CE for preconfigured UL resource is necessary to be supported. If it is conclude to be necessary, eNB’s blind detection algorithm as introduced in EDT can be considered. 

Proposal 7: It is considered as a baseline that eNB configures a single MCS/TBS/CE per preconfigured UL resource for idle mode. 
· FFS whether to support flexibility in MCS/TBS/CE per preconfigured UL resources.
2.1.6. HARQ retransmission
Basically, the transmission in preconfigured UL resources without retransmission mechanism can be considered for the case of best effort service, where the eNB may apply conservative scheduling for the uplink configured transmission. 
On the other hands, if the HARQ retransmission is necessary on preconfigured UL resource in idle mode, the HARQ retransmission procedure based on EDT could be considered. This is because HARQ retransmission procedure in idle mode is already supported in EDT.

Proposal 8: If the HARQ retransmission for preconfigured UL resource in idle mode is necessary, the HARQ retransmission procedure introduced in EDT can be considered as baseline. 

2.2. Preconfigured UL resources in connected mode
In Rel-13 MTC, SPS operation is introduced only for UE in CE mode A. So, if preconfigured UL resource is to be supported in connected mode, similar mechanism may be considered as a baseline to the transmission in preconfigured UL resources for unicast in CE mode B. However, benefits of introducing UL only SPS operation for CE mode B in connected mode is unclear since the use case is not clear.
Observation 2: Benefits of introducing UL only SPS operation in connected mode is unclear.

3. Conclusion
In this contribution, we discussed the motivations and several consideration points for introducing the preconfigured UL resources in idle mode and/or connected mode in Rel-16 MTC enhancements for LTE. The observations and proposals are summarized as follows.
Observation 1: If the transmission in preconfigured UL resources can work without MSG1 and/or MSG2, it can save more battery power than EDT, and can reduce the downlink/uplink resource overhead. 
Proposal 1: It is considered as a baseline that preconfigured UL resources for idle mode is configured/released via RRC signaling to a UE during RRC_Connected state.
Proposal 2: In addition to the configuration/release of preconfigured resource for idle mode during RRC_connected state, additional mechanism for configuration/release/activation/deactivation of preconfigured resource for idle mode during RRC_idle state should be discussed.
Proposal 3: Mechanism for timing advance validation is supported for preconfigured UL resource in idle mode, and the following candidates can be considered.
· Timing advance validation based on timer
· Timing advance validation using random access procedure

Proposal 4: Skipping UL transmission on preconfigured UL resource in idle mode is enabled or disabled by eNB configuration.
Proposal 6: FFS whether to support shared resource for preconfigured UL resource.
Proposal 7: It is considered as a baseline that eNB configures a single MCS/TBS/CE per preconfigured UL resource for idle mode. 
· FFS whether to support flexibility in MCS/TBS/CE per preconfigured UL resources.
Proposal 8: If the HARQ retransmission for preconfigured UL resource in idle mode is necessary, the HARQ retransmission procedure introduced in EDT can be considered as baseline. 

Observation 2: Benefits of introducing UL only SPS operation in connected mode is unclear.
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