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Introduction

In RAN1 #94 meeting, we had the following agreements on Support for transmission in preconfigured UL resources for MTC [1].
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,some issues about Support for transmission in preconfigured UL resources for MTC are discussed.
UL transmission in preconfigured shared resource 

For UL transmission in preconfigured 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. To maintain low UE collision probability, more resources need to be dimensioned. When collision happens, contention resolution is need to resolve the collision. The contention resolution may need extra system resource. The design of contention resolution itself is also increasing specification complexity. The performance of contention resolution will for large part impact the overall UE transmission efficiency.

Observation 1:  For UL transmission in preconfigured share resources, contention resolution may need extra system resource.
Observation 2 : The performance of contention resolution will impact the overall UL transmission efficiency.
EDT is introduced in Rel-15 for uplink data transmission in RRC_IDLE mode, considering the use case of UL transmission in preconfigured shared resources is also for aperiodic traffic type, the targeted use case seems same for these two mechanism. It is natural to compare the two before introducing UL transmission in preconfigured shared resources.
The rationale for UL transmission in preconfigured shared is because the resource is reserved, no need for additional DCI to resources configuration, therefore some overhead can be save. However, to make this happen the assumption is that UE’s TA is always valid. If the UE needs to constantly maintain valid TA even when there is no traffic, then the efficiency of the UL transmission in preconfigured shared resource cannot compete with EDT transmission. What’s more, if valid TA cannot be guaranteed, the UL transmission may interfere with each other and impact the orthogonality of the shared resources.

Note another requirement is relatively low collision probability, otherwise the system efficiency is low. To maintain low collision probability, more resources need to be dimensioned. For EDT, this is not required therefore from the resource dimensioning perspective, EDT is more appropriate for aperiodic traffic transmission.

Observation 3: For the same UE collision probability, EDT requires less system resources than UL transmission in preconfigured shared resource.
Observation 4: The efficiency of UL transmission in preconfigured shared resource is not necessarily better than EDT, considering certain mechanism is needed for valid TA. 
Proposal 1: More evaluation and use case need to be studied for UL transmission in preconfigured shared resource.
UL transmission in preconfigured dedicated resource 

The assumption of dedicated resource is that UE is assigned a specific time/frequency/sequence resources therefore collision will not occur. 
For RRC_CONNECTED mode, SPS can be used to support periodic traffic. It is not evident what advantage the UL transmission in preconfigured dedicated resource may have. For aperiodic traffic type, scheduling can be used to dynamically allocated UL data transmission and is much flexible. UL transmission in preconfigured dedicated resource can save some scheduling overhead, however, most of time the more resource need to be reserved for the transmission that is not always going on.
Proposal 2: More studied is needed to evaluate UL transmission in preconfigured dedicated resource in RRC_CONNECTED mode.
For UL transmission in preconfigured dedicated resource in RRC_IDLE mode, the resources is UE-specific and is most appropriate for periodic traffic type.There is no collision and no need for contention resolution mechanism. Therefore compare with UL transmission in preconfigured shared resources, UL transmission in preconfigured dedicated resource has more advantage. Also, since the resources are preconfigured, the overhead associated with RRC_IDLE and RRC_CONNECTED mode transition, MPDCCH scheduling, SR and BRS overhead for UL resource can be saved.  

Observation 5: In RRC_IDLE mode, for periodic traffic, UL transmission in preconfigured dedicated resource has advantage over UL transmission in preconfigured shared resource and MPDCCH scheduling based transmission. 
In RRC_IDLE mode, for periodic transmission, the TA validation is not frequent, compare with EDT transmission, the overhead saving of the UL transmission in preconfigured dedicated resources is significant.
Observation 6: In RRC_IDLE mode, for periodic traffic, UL transmission in preconfigured dedicated resource has advantage over EDT. 
Compare with periodic traffic type,UL transmission in preconfigured dedicated resources for aperiodic traffic type has resource waste problem. This is more severe when the concurrent resource requirement is large. Compare with EDT, the advantage is not evident.
Proposal 3: More studied is need for UL transmission in preconfigured dedicated resource in RRC_IDLE mode
Proposal 4: UL transmission in preconfigured dedicated resource in RRC_IDLE mode is supported  at least for periodic traffic type.  
Validation mechanism for TA in RRC_IDLE mode

TA validation mechanism is important for UL transmission in preconfigured dedicated resource. With correct TA, the UE can adjust transmission starting time, therefore the transmission will not interfere with each other. If the UE is not stationary, the TA could change overtime with the change of distance between the UE and the eNB. When the TA error is larger than CP, the transmission is no longer orthogonal. Even with stationary UE, 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.
Proposal 5: TA validation mechanism should be introduced for UL transmission in preconfigured dedicated resource in RRC_IDLE mode for MTC.

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 PDCCH order based non-contention random access procedure. Therefore, it is relatively easier to maintain valid timing advance in RRC_CONNECED mode.

Similar to RRC_CONNECTED, TA update mechanisms are also needed  for RRC_IDLE mode.There are multiple mechanism can be used to keep valid TA. The following alternatives are two examples.
ALT1：TA update based on MPDCCH or PDSCH  

The TA update message can be transmitted from eNB via the MPDCCH in the corresponding search space of the preconfigured dedicated resource, or via the PDSCH scheduled by the MPDCCH.
ALT2：Non-contention random access procedure based TA update

This can be triggered by PDCCH order. Since the current specs only support PDCCH order in RRC_CONNECTED mode, to trigger transmission in RRC_IDLE mode, it is suggested to introduce PDCCH order for RRC_IDLE  mode.  Another way to trigger the TA update is condition based, the non-contention random access preamble can be reserved for the UE.When the TA timer expires and the gap between current time and next preconfigured dedicated resource is smaller than a threshold, the TA update is triggered.
Proposal 6: For UL transmission in preconfigured dedicated resource, at least the following schemes should be considered for TA validation mechanisms in RRC_IDLE mode:
TA update based on MPDCCH or  PDSCH  

Non-contention random access procedure based TA update
Fallback mechanism

For UL transmission in preconfigured dedicated resource, there are several scenario where fallback is needed.. For example, when lots of retransmissions are needed before UE complete the UL data transmission, or when UL data transmission cannot be completed even with lots of retransmissions, eNB need to trigger fallback mechanism since most likely the UL transmission in preconfigured dedicated resource is no longer appropriate for the UE. Alternatively, UE can also trigger the fallback if certain condition is met. From eNB side, eNB can trigger contention based random access to indicate to the UE to fallback to the legacy random access procedure. For UE triggered fallback, both contention based and Non-contention  based random access can be used. 
Proposal 7: For UL transmission in preconfigured dedicated resource, fallback (triggered by either the eNB or the UE) mechanism need to be supported.   
HARQ
If HARQ is not supported, to guarantee initial transmission success rate, for coverage enhancement scenario, more  repetition time for the UL transmission in preconfigured dedicated resource need to be configured to achieve transmission BLER of 1%. With HARQ, the repetition time requirement can be relaxed. Based on previous studies and simulation, it is more effective to use HARQ than to use more repetition to maintain 1% BLER. Therefore from resources perspective, it is more efficient to use HARQ mechanism. 
Proposal 8: For UL transmission in preconfigured dedicated resource in RRC_IDLE mode, HARQ is supported
Number of HARQ process
UL transmission in preconfigured dedicated resource is mainly targeting periodic traffic, if the period of the traffic is long, less HARQ process is needed. The exact HARQ process number may depend on the gap between two preconfigured transmission.
Proposal 9: For UL transmission in preconfigured dedicated resource in RRC_IDLE mode, the number of HARQ process depends on the gap between two preconfigured transmission.

Conclusions

In this contribution, we have discussed  issues related to UL transmission efficiency. We make the following observations and  proposals:
Observation 1:  For UL transmission in preconfigured share resources, contention resolution may need extra system resource.
Observation 2 : The performance of contention resolution will impact the overall UL transmission efficiency.
Observation 3: For the same UE collision probability , EDT requires less system resources.
Observation 4: The efficiency of UL transmission in preconfigured shared resources is not necessarily better than EDT, considering certain mechanism is needed for valid TA. 
Observation 5: In RRC_IDLE mode, for periodic traffic, UL transmission in preconfigured dedicated resource has advantage over UL transmission in preconfigured shared resource and MPDCCH scheduling based transmission. 
Observation 6: In RRC_IDLE mode, for periodic traffic, UL transmission in preconfigured dedicated resource has advantage over EDT. 

Proposal 1: More evaluation and use case need to be studied for UL transmission in preconfigured shared resource.
Proposal 2: More studied is needed to evaluate UL transmission in preconfigured dedicated resource in RRC_CONNECTED mode.
Proposal 3: More studied is need for UL transmission in preconfigured dedicated resource in RRC_IDLE mode
Proposal 4: UL transmission in preconfigured dedicated resource in RRC_IDLE mode is supported  at least for periodic traffic type.  
Proposal 5: TA validation mechanism should be introduced for UL transmission in preconfigured dedicated resource in RRC_IDLE mode for MTC.

Proposal 6: For UL transmission in preconfigured dedicated resource, at least the following schemes should be considered for TA validation mechanisms in RRC_IDLE mode:
TA update based on MPDCCH or  PDSCH  

Non-contention random access procedure based TA update
Proposal 7: For UL transmission in preconfigured dedicated resource, fallback (triggered by either the eNB or the UE) mechanism need to be supported.   
Proposal 8: For UL transmission in preconfigured dedicated resource in RRC_IDLE mode, HARQ is supported
Proposal 9: For UL transmission in preconfigured dedicated resource in RRC_IDLE mode, the number of HARQ process depends on the gap between two preconfigured transmission.
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