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1. Introduction

According to the SID for Rel-14 MTC UE [1], one of the objectives to be specified for machine-type communication for BL/CE (eMTC) UEs is as follows:
	Higher data rates [RAN1, RAN2, RAN4]

· Specify HARQ-ACK bundling in CE mode A in HD-FDD

· Larger maximum TBS

· Larger max. PDSCH/PUSCH channel bandwidth in connected mode at least in CE mode A in order to enhance support e.g. voice and audio streaming or other applications and scenarios

· Up to 10 DL HARQ processes in CE mode A in FD-FDD


It is motivated to support certain types of devices/use cases, such as voice capable wearable devices and health monitoring devices which require higher data rates above 1 Mbps, and more delay sensitive compared to Rel-13 eMTC UEs. In the meanwhile, it is necessary to consider the power consumption and complexity reduction as in Rel-13 eMTC. 
In this contribution, we discuss several aspects to support higher data rates for Rel-14 FeMTC UE including whether or how to support larger channel bandwidth and higher maximum TBS considering UE cost/complexity. 

2. Discussion
2.1. Target UE for high data rate operation for FeMTC

According to the existing Rel-13 eMTC, there are two CE (coverage enhancement) UE; one is CE mode A, and the other is CE mode B. Depending on CE mode, that the range of repetition number for physical channels and some design (e.g. DCI) could be different. In case of CE mode A, it is assumed that no repetition or small number of repetition. The later one can be used to compensate power degradation due to reduced number of Rx AP (e.g. 1 Rx AP). On the other hands, CE mode B assumes that the large number of repetitions for 10 to 15 dB power boosting. In that point of view, CE mode B seems not feasible for delay sensitive application. In other words, it can be considered that the high data rate operation targets eMTC UE with CE mode A. 
Proposal 1: It can be considered that CE mode A is targeted to support high data rate for MTC UEs. 
Regarding existing LTE system, coverage enhancement scheme (e.g. repetition of physical channels) can be supported by non-BL UE as well as BL UE. These kinds of UEs are capable to be allocated or use more than 6PRBs. However, to perform coverage enhancement operation, the non-BL UE will follow the same mechanism/procedure for Rel-13 eMTC UE. For instance, PDSCH/PUSCH with repetition can be allocated with up to 6 PRBs. In a similar manner, it can be considered that non-BL UE with CE mode uses the mechanism or procedure to support high data rate for Rel-14 FeMTC. 
Proposal 2: It can be considered that non-BL UE with CE mode A follows mechanism or procedure to support high data rate for Rel-14 FeMTC. 
3. Approaches to support high data rates 

3.1. Larger channel bandwidth
Regarding existing Rel-13 eMTC, the resource allocation for PDSCH or PUSCH is up to 6 PRB (on single narrowband), and the maximum TBS is limited to 1736 bits. To support high data rates, it can be considered to increase the number of PRBs to be allocated for PDSCH or PUSCH. There are two approaches to be considered; one is narrowband extension, and the other is narrowband aggregation. 
· Narrowband extension
It can be considered to extend narrowband size. In other words, the narrowband to be specified for high data rates (e.g. extended narrowband) would consists of more than 6 consecutive PRBs. This approach would not require additional RF component, and the cost/complexity of UE could increase to support larger FFT size and baseband operation for larger bandwidth. More specifically, up to 10PRBs (120 subcarriers) for extended narrowband size, it does not need to increase FFT size. 
· Narrowband aggregation
In this approach, multiple narrowbands can be configured for MTC UE for high data rates. In this case, each configured narrowband can be seen as a single serving cell as in carrier aggregation. This approach would be beneficial in terms of flexibility on resource usage. However, this approach would require more than one RF component, and the cost/complexity increase for parallel processing. 
Basically, the high data rate MTC UE, such as voice capable wearable devices and health monitoring devices will share some of requirements for Rel-13 BL/CE UEs. In other words, it is necessary to consider UE cost/complexity together with high data rate feature. In these points of view, it is preferred to support narrowband extension to support high data rates for Rel-14 FeMTC UEs. 
It is expected that high data rate MTC UE operating with narrowband extension/aggregation will coexist with BL/CE UE operating with Rel-13 narrowband. Therefore, when we design narrowband extension or aggregation, it is necessary to investigate the impact on Rel-13 BL/CE UE. In case of cell-specific transmission or procedure, Rel-13 mechanism can be reused for high data rate MTC UEs. Meanwhile, it can be considered to support narrowband extension/aggregation for unicast PDSCH or PUSCH. Considering coexistence with different types of MTC UEs, it would be necessary to further study how to define extended narrowband or narrowband aggregation. 
Proposal 3: It can be considered to study whether or how to support narrowband extension (or aggregation) for high data rate MTC UEs considering UE cost/complexity. 
Proposal 4: If narrowband extension or aggregation is supported, it is necessary to investigate the coexistence with high data rate MTC UEs and Rel-13 BL/CE UEs. 

3.2. Larger maximum TBS
Alternatively, it can be considered to modify MCS/TBS table for BL/CE UEs operating Rel-13 narrowband to support high data rate. Regarding Rel-13 BL/CE UE, it is assumed that UE consist of 1 Tx and 1 Rx antenna ports, therefore, spatial multiplexing for DL/UL is not supported. In case of modulation scheme, both QPSK and 16QAM can be supported (for CE mode A), but the maximum TBS is limited to have moderate code rate. 
· High order modulation
In this approach, it can be considered to support higher order modulation such as 16QAM or 64QAM. When the maximum modulation order is set to 16QAM, MCS/TBS table can be modified to have larger TBS with higher code rates. Considering UE cost/complexity, it is necessary to investigate the EVM (error vector magnitude) requirements for MTC UEs. As the value of EVM decreases, the supportable MCS value or code rate can increase, but the UE cost/complexity can increase. In case of UL transmission, even non-BL/CE UE would not support 64QAM (via UE capability). In this case, it is not preferred that MTC UE supports 64QAM in PUSCH for high data rates. 
· Spatial multiplexing
To support spatial multiplexing, it is necessary to increase Tx/Rx antenna ports (Tx AP for UL MIMO, and Rx AP for DL MIMO). It can be burden for UE in terms of UE cost/complexity. Furthermore, even for non-BL/CE UE, UL MIMO operation may not be supported (via UE capability). In a similar manner, it is not preferred that MTC UE supports UL MIMO operation for high data rates. 

In case of MTC UE, depending on scenario or use cases, UL traffic can be high. In this case, without UL enhancements, it is unclear whether supporting higher order modulation or code rate or spatial multiplexing for high data rate MTC UE is enough or not. 
Proposal 5: FFS on supporting high order modulation (or high code rate) and/or spatial multiplexing for high data rate MTC UEs. It is necessary to further investigate the feasibility of UL enhancement considering UE cost/complexity. 
4. Conclusions

In this contribution, we discussed several aspects to support higher data rates for Re-14 FeMTC UE. Followings are our proposals and observation:  

Proposal 1: It can be considered that CE mode A is targeted to support high data rate for MTC UEs. 
Proposal 2: It can be considered that non-BL UE with CE mode A follows mechanism or procedure to support high data rate for Rel-14 FeMTC. 
Proposal 3: It can be considered to study whether or how to support narrowband extension (or aggregation) for high data rate MTC UEs considering UE cost/complexity. 
Proposal 4: If narrowband extension or aggregation is supported, it is necessary to investigate the coexistence with high data rate MTC UEs and Rel-13 BL/CE UEs. 

Proposal 5: FFS on supporting high order modulation (or high code rate) and/or spatial multiplexing for high data rate MTC UEs. It is necessary to further investigate the feasibility of UL enhancement considering UE cost/complexity. 

5. Reference

[1] RP-161321, “New WI proposal on Further Enhanced MTC”, Ericsson.
