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1 Introduction
At the RAN #72 meeting, a new work item (WI) on FeMTC was approved. One of the core objectives of the WI is the support of higher data rates based on the following enhancements [1]: 
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
In this contribution, we share our views on this objective of supporting higher data rates for BL/CE UEs, particularly in relation to the enhancements defined within the scope of this objective.

2 The need for support of higher data rates for BL/CE UEs
As part of the Rel-13 WI on eMTC, Bandwidth-reduced Low-complexity (BL) UEs were introduced (Cat. M1 UEs) that are aimed to cater to the need of support of machine type communications and cellular Internet of Things (cellular IoT) with the aim of facilitating low UE complexity, long UE battery life, and the support of the coverage enhancements feature. 
While the initial focus was to address simple sensors or smart meter type of applications, subsequently, there has been a tremendous amount of interest in the development and application of such low complexity devices to cater to a wide set of use cases that share some of the desirable features of BL UEs like low UE complexity (leading to the feasibility of realizing very small form factor devices) and devices with extended battery lifetimes. However, for widespread applicability of the eMTC technology to a varied set of use cases, it is essential that the technology is capable to address the data rate demands of various applications. Some such applications include like wearables with voice and audio/video streaming support connecting directly to the network without using the smart phone as aggregator node, surveillance systems with video streaming support, devices catering to healthcare and assisted living use cases with voice-based guidance in case of emergencies, etc.
For the above set of applications, while the current eMTC solution can be quite attractive from a battery lifetime, device cost/complexity, and form factor perspective, in many cases it fails to satisfy the data rate demands both in terms of peak data rates as well as in terms of the data rate vs. coverage tradeoff. The peak data rate for Cat M1 UEs corresponds to about 800kbps for DL and UL for full-duplex FDD UEs and about 300kbps for DL and 375kbps for UL for HD-FDD UEs. 

The support of the HD-FDD feature is an especially attractive one considering RF costs and complexity at both RF and baseband. However, as can be seen the current peak data rates are significantly low compared to the above-mentioned use cases, especially when considering that these are the peak data rates possible under the most idealistic conditions.
Accordingly, it is imperative that as part of the Rel-14 WI on FeMTC, meaningful improvements to the supported data rates is provided for the next generation of eMTC technology, while keeping the attractive features of extended battery lifetime and low UE complexity and cost to the utmost. 

In the rest of this contribution, we share our preliminary views on the various enhancements agreed for specifications as part of the overall objective of improving the data rates for FeMTC UEs.  
3 Peak DL data rate improvement: HARQ-ACK bundling and increased number of max DL HARQ processes
Two of the enhancements aim towards improving the peak data rates for FD-FDD and HD-FDD UEs by overcoming the loss in the throughput due to cross-subframe scheduling and the impact from guard time (overhead from UE perspective) of 1ms each from DL to UL switching (and vice versa).
For the case of HD-FDD UEs, due to the consideration of 1ms switching time between UL to DL and DL to UL transitions, only about 3 subframes out of 10 can be effectively used to carry DL traffic while 3 out of 8 subframes can be used for UL traffic, leading to the peak data rates of 300kbps and 375kbps respectively. 
As was analyzed and proposed in [2], with the support of HARQ-ACK bundling similar to LTE TDD systems, the number of switching subframes needed as the UE switches from DL to UL to transmit DL HARQ-ACK feedback can be reduced. Depending on the number of bundled DL subframes, the DL peak data rates can be improved by almost 100% at the expense of a reduction in the UL data rates since the number of accessible UL subframes would be reduced. However, it should be possible to enable a mechanism to effectively trade-off between the DL and UL data rates depending on the target use cases. For certain use cases where the primary requirements may be on the DL data rates, aggressive bundling of DL subframes can be used, while for other use cases with requirements on UL data rates as well and UL traffic, the bundling size can be reduced implicitly by having the UE spend more time in UL than DL. 
In order to support the feature of HARQ-ACK bundling, the DCI design for HD-FDD UEs needs to be reconsidered similar to some of the DCI formats used for TDD or CA.

Observation 1
· The support of HARQ-ACK bundling can help improve the DL peak data rates at the expense of fewer available UL subframes for the UE. However, it is possible to realize an appropriate tradeoff between the two depending on target applications and traffic patterns.
For the case of FD-FDD UEs, due to the default behavior of cross-subframe scheduling between MPDCCH and PDSCH with the PDSCH subframe being on the 2nd valid subframe from the end of the MPDCCH subframe, only about 8 of 10 subframes can be used considering the maximum number of DL HARQ processes supported being 8. Thus, one straightforward way to improve the number of available DL subframes can be to increase the maximum number of DL HARQ processes from 8 to 10. 

Observation 2

· Increasing the maximum number of DL HARQ processes can help improve the DL peak data rates by enabling most available subframes as usable for PDSCH scheduling. 
4 Data rate improvement: Larger TBS and larger scheduling BW for PDSCH and PUSCH

While the previous set of enhancements can help improve the data rates, the primary impact is in terms of peak data rate improvement that mainly caters to UEs in the best radio conditions. Further they only help improve the peak data rates for DL. 

Increasing the maximum TBS for DL and UL from the current limit of 1000bits can certainly increase the peak data rates for both DL and UL respectively. However, only increasing the TBS would imply a very limited benefit in terms of improving achievable data rates in very good radio conditions when transmissions with high code rates can be supported reliably. 
A complementary enhancement to extend the benefits of maximum TBS increase is to consider an increase in the supported maximum bandwidth (BW) for PDSCH and PUSCH allocations. While this would clearly improve the DL data rates without sacrificing the coverage, even for UL, increasing the maximum PUSCH BW beyond 6 PRBs would help support larger TBS values without a necessary degradation in the coverage by being able to support transmissions with larger TBS using reasonably low code rates according to the channel conditions and coverage state of the UE. 

Thus, with an increase in the values of the max TBS and the max PDSCH/PUSCH channel BW, higher data rates – both peak and average can be realized without a degradation in the coverage. Thus, these enhancements can cater to applications that have higher data rate requirements while at the same time avoid a shrinkage in the corresponding coverage.

One consideration in increasing the max TBS and max UE BW is the increase in the UE complexity (larger soft buffer, larger BW) and power consumption (larger UE BW), and hence, both of these should be carefully decided so as to maximally retain the low complexity and low power consumption characteristics of eMTC technology. Further, in order to minimally impact RAN4 work, it would be instructive to consider an increased UE bandwidth that is aligned with one of the LTE system BW options. 
Following a similar methodology as in TR36.888 for the complexity analysis, the complexity can be estimated at around 55% for an increased UE BW of 5MHz compared to Cat M1 UEs at 45%. 

While the power consumption depends on the traffic and the UE coverage condition, in some cases it may even improve the power consumption with larger BW allocations for DL to realize coding and repetition gains (and to avoid segmentation with larger TBS), compared to the option of time-domain repetitions and significant amount of segmentation. Note that the impact from segmentation is two-fold – increasing the overhead from MAC, RLC headers and CRC, while reducing Turbo coding gains, thereby further motivating the support of larger TBS values.

In our companion paper [3], we present some initial analysis of larger TBS and BW options considering efficient support of VoLTE and audio streaming use cases. Based on the initial analysis, max TBS of around 3000 bits and max UE BW for PDSCH and PUSCH of 24 PRBs corresponding to a 5MHz UE BW seems to provide a reasonable tradeoff between complexity and power consumption increase, while supporting higher data rates without sacrificing or even extending (for the case of DL) coverage, given a particular data rate. 

Further, even for UEs with larger max BW support, all idle mode procedures and MPDCCH design should be maximally reused from Cat M1 to retain the benefits of the low complexity and low power consumption design attributes of Cat M1, as well as avoid additional specification efforts.
Lastly, given that the most typical use cases for higher data rates are not associated with extremely deep coverage scenarios, from a use case perspective, it may be sufficient to consider scheduling of PDSCH and PUSCH with larger than 6-PRB BW for UEs in CEmodeA only.

Observation 3
· Increase in the max TBS for PDSCH and PUSCH improves the DL and UL peak data rates

· For meaningful gains in data rates without sacrificing coverage, max TBS increase needs to be complemented by an appropriate increase in the max supported UE BW for shared channels.

· It may be sufficient to restrict the larger-than-6-PRB scheduling of PDSCH and PUSCH only to UEs in CEmodeA.

Proposal 1
· The increase in max TBS and max UE BW for PDSCH and PUSCH should consider the trade-off between higher achievable data rates and device cost/complexity and power consumption.

·  Towards limiting the impact to RAN4 work, it is recommended to support a value of max UE BW larger than 1.4MHz that is one of the supported LTE system BWs.
·  A max TBS for PDSCH and PUSCH of no more than 3000 bits and a max BW < 10 MHz, for PDSCH and PUSCH is recommended.
5 Conclusion
In this contribution, we share our views on this objective of supporting higher data rates for BL/CE UEs, particularly in relation to the enhancements defined within the scope of this objective. Based on the discussions in the paper we make the following observations and proposal:
Observation 1

· The support of HARQ-ACK bundling can help improve the DL peak data rates at the expense of UL data rates, but it should be possible to realize a certain level of tradeoff between the two depending on target applications and traffic patterns.
Observation 2

· Increasing the maximum number of DL HARQ processes can help improve the DL peak data rates by enabling most available subframes as usable for PDSCH scheduling.
Observation 3
· Increase in the max TBS for PDSCH and PUSCH improves the DL and UL peak data rates

· For meaningful gains in data rates without sacrificing coverage, max TBS increase needs to be complemented by an appropriate increase in the max supported UE BW for shared channels.

· It may be sufficient to restrict the larger-than-6-PRB scheduling of PDSCH and PUSCH only to UEs in CEmodeA.

Proposal 1
· The increase in max TBS and max UE BW for PDSCH and PUSCH should consider the trade-off between higher achievable data rates and device cost/complexity and power consumption.

·  Towards limiting the impact to RAN4 work, it is recommended to support a value of max UE BW larger than 1.4MHz that is one of the supported LTE system BWs.

·  A max TBS for PDSCH and PUSCH of no more than 3000 bits and a max BW < 10 MHz, for PDSCH and PUSCH is recommended.
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