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[bookmark: _Ref301342314]Introduction
In RANP#72, Further Enhanced MTC for LTE WI was approved [1] that included a task to support the higher data rate than 1Mbps for voice capable wearable devices and health monitoring devices. In this contribution, we propose our view on design for higher date rate. 
	RANP #82
Objective
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

VoLTE enhancements [RAN1, RAN2]
· From RAN#73: Based on outcome from VoLTE study item


Reusing Rel.13 features
According to the WID [1], we should consider to maximally harvest the power consumption, complexity reduction and link budget enhancements features enabled by using the existing Rel-13 eMTC. To obtain a low-complexity UE the existing MTC design supports a narrow bandwidth (NB) consisting of only 6 PRBs. As a consequence, the MTC UEs are not required to support legacy channels such as PCFICH/PHICH/PDCCH that are transmitted using the entire system bandwidth. In addition, MTC also supports repetition transmissions to obtain an improved link budget and extended coverage range. 
To achieve the goal of higher data rates for the FeMTC we may have to give up some of the performance of the above features since there is a direct trade off relationship between the higher data rates and having features to enable a low-complexity UE implementation. However, having a low complexity UE is an important aspect for the MTC markets; Hence, at the beginning of this WI we must strive to keep the current eMTC narrow bandwidth design by considering it as the baseline bandwidth for FeMTC. 
Proposal 1: RAN1 should also support the concept of reduced bandwidth (Rel-13) as a baseline for FeMTC. 

Design for higher data rate
Maximum TBS 
Obviously, to consider increasing the data rates we must consider increasing the maximum allowable transport block size (TBS). Therefore, RAN1 must consider lifting the max TBS of 1000 bits restriction in MTC R12/13 and raise to a higher number of bits. This higher max TBS depends upon the other design changes such as number of repetitions, higher MCS Index support, etc. The new max TBS could be decided later after other FeMTC design aspects have been agreed. 
Proposal 2: RAN1 should consider lifting the restriction of max 1000 bits TBS to a higher number of bits. The max bits TBS can be decided later after all the other FeMTC design aspects are agreed. 

Wider MTC Channel(s)
As noted in the WID [1] RAN1 should consider widening the PDSCH/PUSCH channel bandwidth to support data rates greater than 1 Mbps. There are two options to achieve wider channels for MTC. First, as shown in Figure 1-A, a wider MTC PDSCH channel can be obtained by grouping a contiguous set of baseline 6RBs wide MTC channels (N x 6 RBs MTC channel) to deliver the FeMTC services. 
[bookmark: _GoBack]Second option is shown in Figure 1-B simply widening the channel-bandwidth of the MTC PDSCH channel from 6RBs to N x 6 RBs which is already supported in Rel.-12/13. In both cases having a contiguous set of RBs maintains the low complexity UE design since it requires a single RF implementation and relatively simpler baseband processing.
[image: ]
Figure 1: Two options to widen the MTC channel for FeMTC services

Proposal 3: To maintain low-complexity UE design RAN1 should consider widening the MTC PDSCH using option-A shown in the Figure 1.

In option A the existing DCI format 6-0A/1A can be used independently for each MTC PDSCH channel LTE R13. However, if option A is used with single MPDCCH for the multiple MTC channels assignment then a new DCI format would be required. 
Proposal 4: If a single MPDCCH for the multiple MTC channels assignment is supported then a new DCI format must be considered. 

Higher MCS indexes 
The maximum MCS index supported in eMTC is 15 with the 16-QAM. One of the ways to increase the throughput is to support higher MCS indexes. There are two options. First approach is to increase the modulation order of the transmissions. Increasing the modulation order to 64-QAM for the DL and the UL requires higher receiver and transmitter UE complexity, respectively. However, it is quite possible the increase in modulation order for the DL might be possible with an acceptable increase in the UE receiver complexity. Therefore, 64-QAM for DL must be studied further. The second approach is to increase the TBS while keeping the modulation order of 16-QAM. This can be done by supporting MCS index 16 in the case of DL.
Proposal 5: Both a higher modulation order and/or increase in TBS for DL transmissions must be verified to see if the higher data rates can be supported with a reasonable increase in UE receiver complexity. 

Reduction in the number of repetitions
Another method to achieve higher data rates is to reduce the number of repetitions used for transmissions in eMTC. Repetition mechanism was introduced to improve the link-budget resulting in coverage extension. In the current MTC LTE releases maximum number of repetition for PDSCH/PUSCH is 32 in CE mode A. It is quite possible to reduce the number of repetition transmissions in order to obtain effective higher throughput with the cost of lesser range-coverage, though maximum throughput is not changed. In addition, large number of repetition transmissions causes excessive delay that may not be acceptable for some of the FeMTC type applications. 

Proposal 6: RAN1 should consider reducing the number of repetitions for some of the scenarios that require higher data rate and lower latency.

In some FeMTC applications the PDSCH/PUSCH repetition may not be required. However, the reduced channel bandwidth might still be used requiring the RB allocation confined to the MTC channel. In such a case legacy DCI formats such as DCI format 0/1/1A can still be reused for the RB assignment. 
Proposal 7: RAN1 should consider reusing the legacy DCI formats 0/1/1A for FeMTC channel assignments. 

Conclusions
In this contribution, we provided our views on design option for higher date rate MTC. We have following proposals:
Proposal 1: RAN1 should also support the concept of reduced bandwidth (Rel-13) as a baseline for FeMTC. 
Proposal 2: RAN1 should consider lifting the restriction of max 1000 bits TBS to a higher number of bits. The max bits TBS can be decided later after all the other FeMTC design aspects are agreed. 
Proposal 3: To maintain low-complexity UE design RAN1 should consider widening the MTC PDSCH using option-A shown in the Figure 1.
Proposal 4: If a single MPDCCH for the multiple MTC channels assignment is supported then a new DCI format must be considered. 
Proposal 5: Both a higher modulation order and/or increase in TBS for DL transmissions must be verified to see if the higher data rates can be supported with a reasonable increase in UE receiver complexity. 
Proposal 6: RAN1 should consider reducing the number of repetitions for some of the scenarios that require higher data rate and lower latency.
Proposal 7: RAN1 should consider reusing the legacy DCI formats 0/1/1A for FeMTC channel assignments. 
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