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1
Introduction
With the completion of the Core requirements of the Rel-13 eMTC Work Item [1], a new Rel-14 further enhanced MTC (FeMTC) Work Item has been approved during the RAN #72 meeting [2].  One key RAN4 objective of the Work Item is work on mobility enhancements for FeMTC devices.

This paper presents Intel’s recommendation to enhance the network’s repetition level assignment algorithms with an excess number of repetitions report (ENRR) provided by the UE to the network.
2
Discussion

2.1
Overview

When managing UEs under CE, the network’s challenge to efficiently allocate uplink and downlink resources is a tradeoff between high latency/low data rate and repetition levels.  For FeMTC UEs discussions have identified alternative traffic models, where the UE is expected to remain in extended operation in connected mode performing uplink, downlink, or bidirectional operation.  Under such conditions, the network is challenged to allocate uplink and downlink resources under slowly varying propagation conditions to the UE.

One approach, as proposed in [4], is to enhance the RLM procedures for FeMTC such that the network has finer granularity with which to estimate the UE’s current (and trending) CE levels.  In many ways, this is similar to proposals to increase the number of CE levels.  However, accuracy bounds associated with NRSRP/NRSRQ estimates are high enough to introduce a significant probability of incorrectly estimating the UE’s actual CE level due to a high degree of bias in the NRSRP/NRSRQ estimate.  The use of RS_SINR has also been proposed, and benefits to enabling this measurement for FeMTC UEs should be studied together with complexity tradeoffs and benefits relative to other proposals intended to solve the same core problem.
This paper outlines two alternative proposals to help the network optimize its decisions on resource allocation to FeMTC UEs.  The first proposal is the introduction of a new excess number of repetitions report with a functionality closely resembling existing power headroom report (PHR) procedures.  The second proposal is the introduction of repetition level thresholds, R_inc(rease) and R_dec(rease), with a functionality closely resembling existing radio link monitoring (RLM) procedures.  The key distinction of both proposals is that the quantity being reported—namely some metric based on the excess number of repetitions the UE did not use when decoding DL data with some repetition level—is not an estimate and carries zero uncertainty.  This allows the network to adapt its resource allocation decisions over time based on a UE report that carries zero uncertainty.
2.2
ENRR with PHR-like behaviour
Figure 1 below illustrates the flow of a potential ENRR procedure.
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Figure 1: Utilizing ENRR to optimize resource allocation under CE conditions
Once the eNodeB allocates resources for DL transmissions with some RL, the UE begins receiving copies of the transmitted data and decoding them under some UE implementation-specific combining scheme.  After some number of repetitions the UE may be able to determine a CRC pass for the PDU and decide that it does not need any more repetitions, resulting in early termination of the decoding procedure.
If the network allocates uplink resources to the UE to provide an excess number of repetitions report (ENRR), according to a mechanism similar to current PHR procedures, then the network can also utilize this information in its decision for the next allocation.  Combined with other feedback sources, the network can make a more optimal decision of the TBS, MCS, and RL for the subsequent set of downlink repetitions.
2.3 RL feedback with RLM-like behaviour

Repetition level feedback can be reported based on two thresholds: R_inc(rease) and R_dec(rease) in a manner similar to existing radio link monitoring (RLM) procedures.

NOTE: add some L3 averaging behaviour and timer

As the UE receives subframes configured for RL>1, it maintains a running statistic of the RL configured by the network and the actual number of repetitions used by the UE to correctly decode the transmitted data (Ru).  In a scenario where the propagation conditions improve over time the RL and Ru statistics may be visualized as shown in Figure 2 below.
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Figure 2: Generating repetition level feedback based on R_dec

The R_dec threshold may be configured by the network using upper layer signaling and may be optimized to specific deployment conditions, UE mobility conditions, UE coverage enhancement (CE) level, transmit block size (TBS), modulation and coding scheme (MCS), or others; in general, the derivation of this parameter is up to eNodeB implementation.  When triggered by R_dec, the UE generates an R_dec ENRR indication to the network and transmits using UL resources, as configured by the network.
In another scenario, where the propagation conditions degrade over time the RL and Ru statistics may be visualized as shown in Figure 3 below.
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Figure 3: Generating repetition level feedback based on R_inc

The R_inc threshold may be configured by the network using upper layer signaling and may be optimized to specific deployment conditions, UE mobility conditions, UE coverage enhancement (CE) level, transmit block size (TBS), modulation and coding scheme (MCS), or others; in general, the derivation of this parameter is up to eNodeB implementation.  When triggered by R_inc, the UE generates an R_inc ENRR indication to the network and transmits using UL resources, as configured by the network.
The definition of the thresholds themselves (and the running statistic the UE collects) may be based on absolute values of RL and Ru, a ratio of Ru to RL, or a ratio of (RL-Ru) to RL.

3
Conclusions

This paper outlined two alternative proposals to help the network optimize its decisions on resource allocation to FeMTC UEs.  The first proposal is the introduction of a new excess number of repetitions report with a functionality closely resembling existing power headroom report (PHR) procedures.  The second proposal is the introduction of repetition level thresholds, R_inc(rease) and R_dec(rease), with a functionality closely resembling existing radio link monitoring (RLM) procedures.  The key distinction of both proposals is that the quantity being reported—namely some metric based on the excess number of repetitions the UE did not use when decoding DL data with some repetition level—is not an estimate and carries zero uncertainty.  This allows the network to adapt its resource allocation decisions over time based on a UE report that carries zero uncertainty.
Further discussions are encouraged to collect all interested companies’ views on improving the efficiency with which the network can manage resource allocation to FeMTC UEs operating under alternative traffic models, where the UE is expected to remain in extended operation in connected mode performing uplink, downlink, or bidirectional operation.

Recommendation: RAN4 should collect proposals related to enhancements of RRM procedures targeted at improving the network’s allocation of resources to FeMTC UEs.  If feasibility at the RAN4 level can be established of some of these proposals, it is recommended to capture the high-level summary of these feasible proposals and to request RAN1 and RAN2 to take this information into consideration as they make progress through the core part of the FeMTC Work Item.
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