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1 Introduction

In RAN #80 meeting, new WID [1] on Rel-16 enhancements for MTC was agreed as working agreement [1]. One of the objectives is for improved UL transmission efficiency and/or UE power consumption.

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 contribution, we discuss issues related to UL transmission efficiency.
2 Valid timing advance

As can be seen from the WID, the prerequisite of the preconfigured transmission is ‘valid timing advance’. Without valid timing advance, UE is not in UL synchronization, the orthogonality of UL transmission cannot be guaranteed and the resource used for preconfigured transmission will cause both inter-carrier interference to neighboring subcarriers and inter-symbol interference to neighboring symbols.

Observation 1: The performance of preconfigured transmission depends on maintenance of valid timing advance.  
Various factors affect the value of time advance. Even after UE acquires UL synchronization (via random access procedure etc), timing advance could be changed after a period of time. Four key factors that affect the value of time advance of UE are listed as follows:

· UE velocity. The distance between UE and eNB is constantly changing due to the motion of UE. Since the value of timing advance is mainly calculated based on the distance between UE and eNB, when the change of  the distance is out of the protection scope of CP, the previously stored value of timing advance is no longer valid and the UL synchronization of UE cannot be maintained. 

· Multipath delay. The change of multipath delay of multipath channel between UE and the eNB will also affect the value of timing advance.

· UE chipset property: The crystal oscillator drift will have an impact on UE timing advance. Without adjustment, the accumulation of the crystal oscillator drift will cause the timing drift.

Observation 2: Various factors will influence timing advance, including UE velocity, multipath delay between UE and eNB, and UE chipset crystal oscillator drifting.   
For RRC_CONNECED mode, since timeAlignmentTimer is used, when this timer expires, the timing advance command in the MAC control element will be used to update  the timing advance. At the same time, eNB can estimate timing advance of UE from UL transmission and make the corresponding adjustment via timing advance command MAC control element. Besides, the eNB can also adjust and update timing advance via MPDCCH order based non-contention random access procedure. Therefore, it is relatively easier to maintain valid timing advance in RRC_CONNECED mode.
Observation 3：For UE in RRC_CONNECTED mode, multiple mechanisms exist for timing advance update and maintenance.
In RRC_IDLE mode, the mechanism to maintain timing advance is no longer valid. Mechanism for the UE to decide if timing advance will be satisfied for UL transmission is needed. For example, further studied on CP length is required.

Proposal 1: Further study is needed for the valid timing advance requirement for preconfigured UL transmission.  

Another issue for such transmission in RRC_IDLE mode is the back-off mechanism. If the UE transmission attempts continue to fail, there should be a mechanism for the UE to fall back to legacy transmission procedure.
Proposal 2: For RRC_IDLE mode, further study is needed for the back-off mechanism of the preconfigured UL transmission . 
3   Preconfigured resource assignment

Since the resources for the intended UL transmission is preconfigured, if the eNB has zero knowledge of UE service type, the resource allocation will be totally bind. This will cause performance degradation, for example, a periodic traffic service type will not work efficiently in the share preconfigured resource, since collision resulted from multiple UE transmission will cause multiple retransmission. This will not achieve the object in WID for ‘improved UL transmission efficiency and/or UE power consumption’. 

Therefore, it will be beneficial that traffic type/service category information will be passed down from higher layer so the eNB will conduct resource allocation based on these information. 

Proposal 3: Resource allocation for preconfigured UL transmission should take UE traffic type/service category into consideration.

In order to guarantee the success rate of transmission, HARQ mechanism is needed for preconfigured transmission. For example, for dedicated resource based transmission, MPDCCH based HARQ-ACK information and retransmission scheduling information can be used. For shared resource based transmission, retransmission scheduling information can be based on dedicated MPDCCH and HARQ-ACK information can be based on MPDSCH indicated by dedicated MPDCCH.

When the service type /traffic type changes, the current resource allocation is no longer valid. It is beneficial to release the current assigned resource and re-start the new transmission with new resource allocation. 

Proposal 4: For preconfigured UL transmission, mechanism such as HARQ for retransmission, resource release etc. need to be further studied. 
4 Dedicated vs. shard 

Both dedicated and shared resources are indicated in the WID. In the following we discuss the impact of these resource allocation method on preconfigured transmission.

For shared resources, considering the fact that the resources will be used by multiple UEs, it is best suited for aperiodic services. Collision of resources is unavoidable, therefore contention resolution mechanism is needed. Two factors that will impact share resource transmission performance are listed as follows:

1) Allocation of shared resources

2) Efficiency of contention resolution mechanism.

 For 1), since the arrival time of the traffic is random, the total resources allocated can only be based on estimation.  Excessive resource allocation will cause resource waste and insufficient resource allocation will cause more collision and more UE power consumption.

For 2), the performance of contention resolution will for large part impact the overall UL transmission performance. 

For dedicated resources, the resources is UE-specific and is most appropriate for periodic traffic type. There is no collision and no need for contention resolution mechanism. Also, since the resources are preconfigured, MPDCCH scheduling overhead, SR and BRS overhead for UL resource can be saved. If the transmission starts from RRC_IDLE mode, signaling overhead reduction from RRC_IDLE to RRC_CONNECTED mode can be further studied. Therefore the benefit of dedicated resource transmission is evident as compare to shared resource transmission from the aspects of both transmission efficiency and UE power consumption. Therefore it is recommended that dedicated resource based transmission is prioritized. 

Proposal 5：For preconfigured transmission, dedicated resource based transmission shall be prioritized. 
5 Conclusions

In this contribution, we have discussed issues related to UL transmission efficiency. We make the following observations and proposals:
Observation 1: The performance of preconfigured transmission depends on maintenance of valid timing advance. 
Observation 2: Various factors will influence timing advance, including UE velocity, multipath delay between UE and eNB, and UE chipset crystal oscillator drifting.   
Observation 3：For UE in RRC_CONNECTED mode, multiple mechanisms exist for timing advance update and maintenance.

Proposal 1: Further study is needed for the valid timing advance requirement for preconfigured UL transmission.  

Proposal 2: For RRC_IDLE mode, further study is needed for the back-off mechanism of the pre-configured UL transmission. 
Proposal 3: Resource allocation for preconfigured UL transmission should take UE traffic type/service category into consideration.

Proposal 4: For preconfigured UL transmission, mechanism such as HARQ for retransmission, resource release etc need to be further studied. 
Proposal 5：For preconfigured transmission, dedicated resource based transmission shall be prioritized. 
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