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1 Introduction
During RAN #72 meeting, “New WI proposal: Further Enhanced MTC” was approved [1].   The objective of this work item is to specify some improvements for machine-type communications for BL/CE (eMTC) UEs to support new services which require higher data rates, more than 1Mbps, mobility and more delay sensitive. The detail improvement of higher data rate is as following:
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
Based on the above description of WID, several methods of improving peak date rate have been proposed. In this contribution, general considerations on higher data rate for further eMTC are discussed.
2 General consideration of higher data rate
In R.13 eMTC, a new low complexity UE category for MTC operation in any LTE duplex mode has been specified with some new additional capabilities, such as reduced UE bandwidth of 1.4MHz both for downlink and uplink, reduced maximal transmit power, reduced maximal TBS, etc. The requirements of eMTC in R.13 aim at devices such as sensors, meters, smart readers, which requires complexity reduction, extended battery lift and coverage enhancement.
However, some other types of devices/use cases, such as wearable devices and health monitoring devices require higher data rates, up to peak data rate of 2~3MHz and supports services that are more delay sensitive besides the existing requirement of eMTC.  Among the entire requirement of further eMTC, higher data requirement is considered as the most important one. So in the RAN72 meeting, how to increase the higher data rate for the newly proposed UE types are widely discussed while maximally harvesting the power consumption and complexity reduction and link budget enhancements features enabled by using the existing Rel-13 eMTC solution.
2.1 Specify HARQ-ACK bundling in CE mode A in HD-FDD
In the HD-FDD mode, UE save a lot of energy by turning off transmitter or receiver when it is not used. If the HARQ procedure of HD-FDD follows the legacy HARQ procedure of full duplex FDD, the peak data rate will be reduced compared with FD-FDD as the number of maximum available HARQ process for HD-FDD eMTC UEs will be reduced due to the restriction of non-simultaneous transmission for eNB and UE, The HD-FDD operation mode is very similar to TD-LTE scenarios.
Besides the non-simultaneous transmission between eNB and UE, the number of DL and UL subframes in a frame is not equal in TD-LTE.  For instance, configurations 0-5 have more DL subframes as compared to UL subframes.  Consequently, data transmission from multiple DL subframes needs to be acknowledged in a certain UL subframe and vice-versa for certain cases for the UL data transmission.  So the HARQ ACK multiplexing and bundling is adopted in TD-LTE system, which effectively solve the HARQ problems in asymmetric DL-UL configuration. Another advantage of the HARQ ACK bundling method is due to the fact that the limited power resources of a UE will now be used only in a fewer resource blocks as compared to a larger number of resource blocks (RBs).  This can improve the UL coverage of the UE as there will be more power per RB that will be available to the UE in the case of ACK bundling.
In HD-FDD scenarios, the DL and UL configuration could be depended on the service requirement, which has the same problem of  unequal DL and UL subframes, and data transmission from multiple DL subframes need to be acknowledged in a certain UL subframes and vice-versa for certain cases for the UL data transmission. And if the HD-FDD follows the TD-LTE HARQ ACK bundling procedure, more DL/UL could be configured to a certain UE and the peak data rate of DL/UL could be increased, at the same time more power per RB will be used for UL compared with legacy HD-FDD procedure. Figure 1 is a simple example of HD-FDD HARQ-ACK bundling.
In TD-LTE, the time association between the data transmission and the ACK/NACK cannot be easily maintained due to the variable numbers of DL and UL subframes being present in a frame. The UL and DL delay between data and ACK is dependent on the TDD configuration chosen.  Hence, a fixed delay between a transmission and the HARQ ACK/NACK is not possible in TD-LTE. In the specification, detail timing relationship for different TDD configuration is specified in TS36.211. Similar as mechanism of TD-LTE HARQ ACK bundling, the fixed delay between the downlink transmission and the related HARQ ACK/NACK is may not be maintained, detail HARQ scheduling mechanism, delay consideration and HARQ ACK bundling specification need further study.
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Figure 1 HD-FDD HARQ bundling illustration

Proposal 1: Detail HARQ scheduling mechanism, delay consideration and HARQ ACK bundling specification need further study.
2.2 Larger maximum TBS

In Rel-13, maximum 1000 bits TBS is supported for Cat-M1 UEs. However, for TDD, due to the subframes are time division between downlink and uplink, the available subframes for uplink or downlink transmission are reduced and dependent on the UL-DL configuration. For typical UL-DL configuration(s) in TDD, such as configuration 2, the number of available UL subframes is very limited, which would reduce the achievable UL peak rate. Similar issues exist for HD-FDD Cat-M1UEs. For HD-FDD, the number of available subframes for uplink and downlink will be reduced as HD-FDD Cat-M1UEs cannot simultaneously transmit and receive data on different frequencies, so the peak data rate for TDD and HD-FDD is less than 1Mbps, which couldn’t support the service of wearable devices and health monitoring devices.
In order to increase peak data rates in downlink (DL) / uplink (UL) with target peak data rates for unicast traffic of the order of several Mbps, for example, no less than 3 Mbps/ 2 Mbps for DL/UL respectively to support the usage of voice call, audio/video streaming for wearable devices and health monitoring device, etc,  especially for TDD and FD-FDD case, the maximal TBS for each subframe should be increase by at least 2~3 times based on the current R.13 MTC maximal TBS definition.
Proposal 2: The maximal TBS for each subframe should be increase by at least 2~3 times.
2.3 Larger maximal PDSCH/PUSCH channel bandwidth
In R.13 eMTC, the maximal wideband RF and BB bandwidth is  restricted to 6PRBs to normal UE in coverage enhancement. Thus, with 6 PRB restriction, the peak rate for normal UEs in coverage enhancement is restricted especially for DL transmission. In order to support higher data rate of further enhanced MTC, consider to allocate more PRBs(narrowband) to normal UEs in coverage enhancement. Therefore, removing the 6RB limitation for normal UEs in coverage enhancement will give more flexibility to meet more application requirements
And the detail maximal wideband RF and BB bandwidth is depend on the power consumption, UE receiver complexity and target maximal peak date rate. The new UE should support both narrowband and wideband to support different service and different application requirement. So the enhance eMTC solution to enable scalable bandwidth support at the baseband in RRC connected mode depends on data rate and latency requirements to effectively trade-off performance against power consumption, device complexity, and coverage. In order to largely reuse the current R.13 MTC mechanism, only PUSCH and PDSCH shared channel need the bandwidth extension, other physical channel should follow the existing 6PRB restriction. If simply consider the target peak date rate to support the newly scenarios, at least 2-3 narrowband bandwidth should be supported.

Proposal 3:  Detail maximal wideband RF and BB bandwidth is depend on the power consumption, UE receiver complexity and target maximal peak date rate.
2.4 DL HARQ process

Increase the DL HARQ process could improve the transmission efficiency and peak data rate to some extent, in the RAN plenary meeting, Up to 10 DL HARQ processes in CE mode A in FD-FDD should be considered, so the detail HARQ timing relationship and HARQ ACK issue and UE soft buffer issue should be considered further. 
3 Conclusions
In this contribution, detail considerations on the higher data rate for further enhanced MTC are provided. The following proposals are given.
Proposal 1: Detail HARQ scheduling mechanism, delay consideration and HARQ ACK bundling specification need further study.
Proposal 2: The maximal TBS for each subframe should be increase by at least 2~3 times.
Proposal 3:  Detail maximal wideband RF and BB bandwidth is depend on the power consumption, UE receiver complexity and target maximal peak date rate.
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