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1 Introduction

In RAN#72, a new WI on further enhanced MTC (FeMTC) was approved [1]. In the FeMTC WID, supporting larger PDSCH and PUSCH channel bandwidth in connected mode is one of the important objectives. In this contribution, we give our preliminary considerations on supporting larger PDSCH and PUSCH channel bandwidth in FeMTC, and corresponding proposals.
2 Larger channel bandwidth for Rel-14 BL UEs
To support MTC applications with moderate or high data rate (e.g., 2~3Mbps), increasing the channel bandwidth from 1.4 MHz is an efficient way. The cost ratio between RF and baseband of Cat-1 UE is 4:6, and about 6.5% total cost saving can be obtained by reducing UE’s RF bandwidth from 20 MHz to 1.4 MHz [2]. If RF bandwidth is reduced, UE may need retuning from one narrow bandwidth to another. In Rel-13 eMTC, retuning from one narrowband to another is specified. If there is still to be the benefit of cost saving, the RF bandwidth cannot be maintained at 20 MHz, so the retuning mechanism in Rel-13 eMTC should be re-used, in order to acquire the benefit of cost savings. Therefore, in the following, we assume the same channel bandwidth is applied to RF and baseband (BB).
With larger channel bandwidth, more DL power can be allocated for PDSCH transmission, so the detection reliability and DL data rate can be improved. For UEs in good coverage, with larger channel bandwidth, larger TBS can be supported with limited increase in code rate. Thus, the higher data rate can be achieved. 
However, for PUSCH transmission, it is power limited. As a result, larger channel bandwidth may not be beneficial for PUSCH transmissions needing larger coverage enhancement. Therefore, for PDSCH transmission, larger RF and BB bandwidth can be supported in both CEMode A and CEModeB. For PUSCH transmission, larger RF and BB bandwidth for can only be supported in CEMode A.

Proposal 1: Larger RF and BB bandwidth can be supported for PDSCH in both CEMode A and CEModeB.

Proposal 2: Larger RF and BB bandwidth can be supported for PUSCH in CEMode A only.

However, the UE’s module cost of enlarging PDSCH and PUSCH channel bandwidth will be increased. On top of the analyses in TR 36.888 [2], without considering other techniques of cost saving, about 3.9% or 7.8% of the cost of a Cat. 1 UE will be added to Cat-M1 cost, when the channel bandwidth is increased from 1.4 MHz to 3 or 5 MHz, respectively. 
If 4 bits MCS indication is also applied for Rel-14 BL UEs, the maximum TBS would be 4584 bits for 
3 MHz channel bandwidth based on the current TBS table. Similarly, for 5 MHz channel bandwidth, the maximum TBS would be 7736 bits. However, considering the requirement of 2~3 Mbps data rate may be sufficient to serve moderate rate MTC application, and considering the tradeoff between TBS increase and cost saving, maximum 4584 bits TBS may be suitable for Rel-14 BL UEs. 
With the restriction of maximum 4584 bits, about 2.6% or 5.2% cost of a Cat. 1 UE will be added when the RF and BB bandwidth is increased from 1.4 MHz to 3 or 5 MHz. Obviously, the larger channel bandwidth, the more cost will be added. 

Proposal 3: Maximum 3 MHz or 5 MHz RF and BB bandwidth for PDSCH/PUSCH transmission by Rel-14 BL UEs is preferred.

3 Larger channel bandwidth for normal UEs with MTC application
Similar to Rel-13 normal UE supporting MTC application, the Rel-14 normal UE can also support MTC application. However, the mimic design of coverage enhancement in Rel-13 eMTC will compel the normal UE in CE to operate within 1.4 MHz BB bandwidth, even though the normal UE has the wideband capability. In Rel-14 FeMTC, for normal UEs operating MTC application in CE, the eNB can allocate more DL resource for PDSCH transmission in coverage enhancement. Thus, the data rate or detection performance of normal UE’s PDSCH transmission can be improved. 
Since normal UEs have the capability of up to 20MHz channel bandwidth, it is preferred the normal UE operating MTC application in CE can support PDSCH reception or PUSCH transmission on maximum 
20 MHz channel bandwidth to support high data rate. 

Proposal 4: The normal UE operating MTC application can support PDSCH reception or PUSCH transmission in maximum 20 MHz RF and BB bandwidth in CE mode A and CE mode B.

4 Control channel and DCI to support larger channel bandwidth

To support larger channel bandwidth, new resource allocation needs to be defined. The scheduling of unicast PDSCH or PUSCH for Rel-14 FeMTC UEs can use the similar methodology as that for Rel-13 eMTC UEs. Thus, the DCI format 6-1A/1B can be adapted for the PDSCH scheduling in Rel-14 FeMTC, and the DCI format 6-0A can be adapted for the PUSCH scheduling in Rel-14 FeMTC.
The only control channel in LTE which supports coverage enhancement techniques such as repetition, frequency hopping, and related is MPDCCH, so we assume it will be used also in Rel-14.
Proposal 5: DCI format and MPDCCH for Rel-13 eMTC UEs can be the starting point for the PDSCH/PUSCH scheduling in FeMTC.
5 Conclusion
In this contribution, we give our preliminary considerations on supporting larger PDSCH and PUSCH channel bandwidth in FeMTC, and corresponding proposals are given:

Proposal 1: Larger RF and BB bandwidth can be supported for PDSCH in both CEMode A and CEModeB.

Proposal 2: Larger RF and BB bandwidth can be supported for PUSCH in CEMode A only.

Proposal 3: Maximum 3 MHz or 5 MHz RF and BB bandwidth for PDSCH/PUSCH transmission by Rel-14 BL UEs is preferred.

Proposal 4: The normal UE operating MTC application can support PDSCH reception or PUSCH transmission in maximum 20 MHz RF and BB bandwidth in CE mode A and CE mode B.

Proposal 5: DCI format and MPDCCH for Rel-13 eMTC UEs can be the starting point for the PDSCH/PUSCH scheduling in FeMTC.
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