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1 Introduction
In RAN1 #86 meeting, the following agreements on larger PDSCH/PUSCH channel bandwidth were made [1]:
· The wider bandwidth operation is enabled by eNB.

· Wider bandwidth PDSCH/PUSCH is cross subframe scheduled by MPDCCH.

· MPDCCH follows Rel-13 design, which implies that it can be decoded by a UE operating in narrowband operation (6RB).

· If a new grant is introduced for wideband PDSCH/PUSCH, the number of blind decodings of MPDCCH does not increase with respect to Rel-13 eMTC.
· For Rel-14 BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is 5 MHz.

· For Rel-14 non-BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is (FFS: 5 or 20) MHz.
· Study till next meeting whether there are any issues with a maximum useable PDSCH/PUSCH channel bandwidth which is a multiple of 6 PRBs.

To support higher data rates for MTC UEs, we discuss the detailed solutions to support larger maximum PDSCH/PUSCH channel bandwidth in this contribution.
2 Support of larger PDSCH/PUSCH channel bandwidth
2.1 Larger maximum UE channel BW for Rel-14 non-BL UEs in mode A
In Rel-13 eMTC, the non-BL UEs in CE mode A/B reuses the channels and transmission scheme of BL UEs. Even the maximum RF bandwidth of the non-BL UEs is 20 MHz, the operating channel bandwidth (such as bandwidth of MPDCCH, PDSCH/PUSCH) of the non-BL UEs in CE mode A/B is limited to 1.4 MHz. In Rel-14 FeMTC, to support higher data rate, the larger maximum UE channel BW for non-BL UEs in CE mode A can be extended to 20 MHz. If the larger maximum UE channel BW for non-BL UEs is 20 MHz, compared with 5MHz maximum channel bandwidth for Rel-14 BL UEs, PDSCH/PUSCH resource allocation for non-BL UEs would be different from that for Rel-14 BL UEs in CE mode A. 
If resource allocation method for Rel-14 BL UEs in CE mode A is reused for Rel-14 non-BL UEs in CE mode A, the maximum UE channel BW for non-BL UEs should be 5 MHz.
Proposal 1: Maximum PDSCH/PUSCH channel bandwidth for Rel-14 non-BL UEs is 5 MHz.
2.2 Configuration of wider bandwidth operation 

Wider bandwidth operation mode can be semi-statically or dynamically configured by eNB. For semi-static configuration, two DCIs are considered for narrowband operation and wider bandwidth operation independently. The MTC UEs would blindly decode one of the DCI format according to the operation mode. For dynamic configuration, the MTC UEs should blindly decode two DCI formats at the same time. For dynamic configuration, a mode indication bit should be introduced in the DCI format. The blind decoding complexity may be increased. To keep the same number of blind decodings of MPDCCH as that of Rel-13 eMTC, the DCI sizes for the two modes should be the same or further scheme to reduce the number of blind decodings should be considered. Considering that switch between narrowband operation and wider bandwidth operation is not necessary during a session, semi-static configuration is enough.
Proposal 2: Wider bandwidth operation is enabled by semi-static configuration.
2.3 Maximum usable PDSCH/PUSCH channel bandwidth
A larger PDSCH/PUSCH channel bandwidth can be multiple of narrowbands (6PRBs). But considering the narrowband definition in Rel-13 eMTC, there is an unusable PRB between two adjacent narrowbands in the frequency center of the odd system bandwidth (e.g., 5 MHz and 15 MHz) as shown in Figure 1. In order to reduce the influence to legacy resource allocation, for 5 MHz larger maximum UE channel BW for PDSCH and PUSCH, maximum usable PDSCH/PUSCH channel bandwidth should be 4 narrowbands, i.e., the maximum transmission or reception bandwidth is up to 25 PRBs and the number of schedulable PRBs is up to 24 PRBs.
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Figure 1 Relation of narrowband and larger channel bandwidth for odd system bandwidth
Proposal 3: Maximum usable PDSCH/PUSCH channel bandwidth should be 4 narrowbands and the maximum transmission or reception bandwidth is up to 25 PRBs.

2.4 Support of wider bandwidth

Larger/wider bandwidth PDSCH/PUSCH is cross subframe scheduled by MPDCCH. Definition of wideband is beneficial for PDSCH/PUSCH resource allocation with 5 MHz maximum channel bandwidth.
Narrowband with 6 PRBs is defined for Rel-13 MTC. If the PDSCH/PUSCH channel bandwidth is extended to 5 MHz, wideband should be defined for MTC UEs with larger/wider bandwidth. Different wideband definition can be considered.
To support larger UE RF bandwidth, non-overlapped wideband definition can be considered to support larger UE RF bandwidth. A wideband is composed of 4 adjacent narrowbands and total bandwidth of wideband is not larger than 25 PRBs. Wideband definitions for 5/10/15/20 MHz system bandwidth are described in Figure 2. Widebands and narrowbands are aligned.
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Figure 2 Non-overlapped wideband definition for 5/10/15/20 MHz system bandwidth

Besides non-overlapped wideband definition, overlapped wideband can be considered in order to increase the scheduling flexibility. For example, if an overlapped frequency region has better channel quality than other regions and this frequency region is allocated to the wideband UE, better performance would be achieved. Additional overlapped widebands can be defined according to overlapped offset as shown in Figure 3. The overlapped widebands should be aligned with the narrowband.
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Figure 3 Example of additional overlapped wideband definition
As shown in Figure 4, up to 5, 9 and 13 overlapped wideband can be defined for 10, 15 and 20 MHz system bandwidth respectively.
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Figure 4 Example of overlapped wideband definition
Proposal 4: Overlapped wideband definition is considered for system bandwidth larger than 5 MHz.

2.5 Frequency hopping
For larger PDSCH/PUSCH channel bandwidth, frequency hopping would cause much higher complexity. For example, when the resource allocation for PDSCH/PUSCH with larger channel bandwidth spans more than one narrowband, to reuse the narrow band frequency hopping pattern, one of the narrowbands may hop out of range of UE RF bandwidth. It is hard to handle frequency hopping for both narrowband PDSCH/PUSCH and wideband PDSCH/PUSCH if they can be scheduled in the same subframe. eNB can turn off the function of frequency hopping if narrowband and wideband are allowed to be multiplexed in the same subframe. Whether to support frequency hopping for UEs supporting larger PDSCH/PUSCH channel bandwidth depends on eNB scheduling. If frequency hopping of PDSCH/PUSCH with larger bandwidth is supported by eNB, it should follow Rel-13 frequency hopping pattern.
Proposal 5: Whether to support frequency hopping for UEs supporting larger PDSCH/PUSCH channel bandwidth depends on eNB scheduling.
2.6 CSI feedback

In Rel-13 eMTC, CSI measurement is performed on the NBs used for M-PDCCH monitoring and wideband CQI is obtained by using all the NBs used for MPDCCH monitoring. To support larger maximum PDSCH channel bandwidth, current CSI measurement and reporting scheme for Rel-13 eMTC may not enough since CSI information out of the scope of NBs for MPDCCH monitoring is needed. Enhancements of CSI measurement and reporting based on larger channel bandwidth should be considered. For example, in order to get much more CSI information, CSI measurement based on a measurement gap can be considered. During the measurement gap, CSI can be measured in the predefined wideband for the MTC UEs with larger RF bandwidth.
Proposal 6: To support larger PDSCH channel bandwidth, enhancements of CSI measurement and reporting need further study. 
To support larger PUSCH channel bandwidth, there has no standard impact on SRS transmission. SRS transmission scheme related to Rel-13 eMTC can be reused.
Proposal 7: SRS transmission scheme for Rel-13 eMTC UEs can be reused for Rel-14 MTC UEs with larger PDSCH/PUSCH channel bandwidth.
2.7 Simultaneous reception/transmission
Considering that MPDCCH would be transmitted in narrowbands and PDSCH would be transmitted in larger channel bandwidth, cross-subframe scheduling is supported for PDSCH transmission. Multiplexing of MPDCCH and un-associated PDSCH with larger channel bandwidth in the same subframe to the same UE can be supported.
For the UE with larger RF channel bandwidth, the UE can simultaneously receive the unicast and broadcast/multicast transmission scheduled in different narrowbands.
For Rel-14 MTC UEs in CE mode A, PUCCH and PUSCH transmission with larger channel bandwidth in the same subframe reuses the same rule as Rel-13 MTC UEs. UCI shall be transmitted on PUCCH if the UE is not transmitting PUSCH in the subframe or if the UE is transmitting PUSCH in the subframe but the number of PUCCH/PUSCH repetitions is larger than 1. UCI shall be piggybacked on PUSCH if the number of PUCCH/PUSCH repetitions is equal to 1 and the PUSCH is not corresponding to RAR Grant.
Proposal 8: Multiplexing of MPDCCH and un-associated PDSCH with larger channel bandwidth in the same subframe to the same UE can be supported.
Proposal 9: For Rel-14 MTC UEs in CE mode A, PUCCH and PUSCH transmission with larger channel bandwidth in the same subframe reuses the same rule as Rel-13 MTC UEs.
3 Conclusions
In this contribution, we have discussed the solutions to support larger PDSCH/PUSCH channel bandwidth. We make the following proposals:
Proposal 1:   Maximum PDSCH/PUSCH channel bandwidth for Rel-14 non-BL UEs is 5 MHz.
Proposal 2: Wider bandwidth operation is enabled by semi-static configuration.
Proposal 3: Maximum usable PDSCH/PUSCH channel bandwidth should be 4 narrowbands and the maximum transmission or reception bandwidth is up to 25 PRBs.

Proposal 4: Overlapped wideband definition is considered for system bandwidth larger than 5 MHz.
Proposal 5: Whether to support frequency hopping for UEs supporting larger PDSCH/PUSCH channel bandwidth depends on eNB scheduling.
Proposal 6: To support larger PDSCH channel bandwidth, enhancements of CSI measurement and reporting need further study. 
Proposal 7: SRS transmission scheme for Rel-13 eMTC UEs can be reused for Rel-14 MTC UEs with larger PDSCH/PUSCH channel bandwidth.

Proposal 8: Multiplexing of MPDCCH and un-associated PDSCH with larger channel bandwidth in the same subframe to the same UE can be supported.
Proposal 9: For Rel-14 MTC UEs in CE mode A, PUCCH and PUSCH transmission with larger channel bandwidth in the same subframe reuses the same rule as Rel-13 MTC UEs.
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