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1. Introduction

In RAN1#86 meeting [1], followings are agreed for larger max PDSCH/PUSCH channel bandwidth for Rel-14 FeMTC UEs:
	Agreement:

· 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.

Agreement:

· For Rel-14 FeMTC UEs, the maximum UL TBS for CEMode A UEs with maximum 1.4 MHz bandwidth in TDD/HD-FDD is increased to 2984 bits.

· Idle mode operations reuse the Rel-13 eMTC design.

· Study till next meeting whether there are any issues with a maximum useable PDSCH/PUSCH channel bandwidth which is a multiple of 6 PRBs.

· For Rel-14 FeMTC UEs supporting larger UE channel BW for PDSCH and PUSCH:

· The larger max. DL TBS is at least 2984 bits.

· The larger max. UL TBS is at least 2984 bits.

· For Rel-14 FeMTC UEs with larger TBS and channel BW:

· Idle mode operations reuse the Rel-13 eMTC design.

Agreement:

· 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.


In this contribution, we continue to discuss several aspects to support larger channel bandwidth for Rel-14 FeMTC UE including how to define extended NB, and resource allocation method. 

2. Discussion
2.1. Target UE for wider bandwidth operation for FeMTC

According to the existing Rel-13 eMTC, there are two CE (coverage enhancement) UE; one is CE mode A, and the other is CE mode B. Depending on CE mode, that the range of repetition number for physical channels and some design (e.g. DCI) could be different. In case of CE mode A, it is assumed that no repetition or small number of repetition. The later one can be used to compensate power degradation due to reduced number of Rx AP (e.g. 1 Rx AP). On the other hands, CE mode B assumes that the large number of repetitions for 10 to 15 dB power boosting. In that point of view, CE mode B seems not feasible for delay sensitive application. In this stage, it seems unclear that the necessity to support wider bandwidth operation for CE mode B.  
Proposal 1: Wider bandwidth operation is not supported for CE mode B. 
Regarding existing LTE system, coverage enhancement scheme (e.g. repetition of physical channels) can be supported by non-BL UE as well as BL UE. These kinds of UEs are capable to be allocated or use more than 6 PRBs. However, to perform coverage enhancement operation, the non-BL UE will follow the same mechanism/procedure for Rel-13 eMTC UE. For instance, PDSCH/PUSCH with repetition can be allocated with up to 6 PRBs. In a similar manner, it can be considered that non-BL UE with CE mode A uses the mechanism or procedure to support high data rate for Rel-14 FeMTC. Alternatively, non-BL UE in CE mode A can support up to 20MHz for higher data rates. However, it will need additional specification work load to support both 5MHz and 20MHz UE bandwidth for FeMTC. In those points of view, for Rel-14 non-BL UE in CE mode A, it can be considered that the maximum UE bandwidth for PDSCH/PUSCH in RRC connected mode is the same as Rel-14 BL UEs in CE mode A (e.g. 5MHz). 
Proposal 2: The maximum UE bandwidth for PDSCH/PUSCH in RRC connected mode for non-BL UE in CE mode A is 5MHz for Rel-14 FeMTC. 
3. Wider bandwidth operation for PDSCH/PUSCH
It is expected that high data rate MTC UE operating with narrowband extension will coexist with BL/CE UE operating with Rel-13 narrowband. Therefore, when we design narrowband extension, it is necessary to investigate the impact on Rel-13 BL/CE UE. In case of cell-specific transmission or procedure, Rel-13 mechanism can be reused for high data rate MTC UEs. Meanwhile, it can be considered to support narrowband extension for unicast PDSCH or PUSCH. Considering coexistence with different types of MTC UEs, it would be necessary to further study how to define extended narrowband.

One approach is to additionally define extended narrowband consisting of more than 6 PRBs for PDSCH/PUSCH in a similar manner with the existing narrowband definition. When wider bandwidth operation is configured, UE may use extended narrowband rather than Rel-13 narrowband to allocate resources for PDSCH or PUSCH. For instance, resource allocation for PDSCH/PUSCH can be performed by using combination of extended narrowband index and RIV (resource indication value) within the indicated extended narrowband. In this approach, wider bandwidth operation can be performed by reusing existing resource allocation mechanisms as much as possible. However, Rel-13 narrowband boundary and extended narrowband boundary will not be aligned in general. 
Another approach is to indicate extended narrowband for PDSCH/PUSCH scheduling by using Rel-13 narrowband. For instance, the starting PRB for extended narrowband can be derived by Rel-13 narrowband index. Next, the size of extended narrowband can be configured or indicated by eNB in terms of the number of PRBs or the number of narrowbands. At last, it can be considered to use resource allocation within indicated extended narrowband to be used for PDSCH/PUSCH scheduling. In this approach, extended narrowband boundary can be aligned with that of Rel-13 narrowband, but overall resource allocation method for PDSCH/PUSCH could be complicated and need more indication bits compared to Rel-13 eMTC. To reduce overall field size for resource allocation, it can be considered that the granularity of PRBs allocation can increase or some candidates of RIV will not be used for PDSCH/PUSCH scheduling. 

Proposal 3: Extended narrowband for PDSCH/PUSCH with wider bandwidth operation can consider following approaches:
· Approach 1: Define extended narrowband as well as Rel-13 narrowband. 

· Approach 2: Derive extended narrowband for PDSCH/PUSCH by using narrowband index, the number of PRB(s) or narrowband(s). 
Since the granularity of PDSCH/PUSCH resource allocation in Rel-13 eMTC is 1 PRB, it seems that extended narrowband boundary does not need to be aligned with that of Rel-13 narrowband. In that point of view, we prefer Approach 1 to define extended narrowband for wider bandwidth operation. 

Meanwhile, depending on the system bandwidth, some portion of PRBs will not be associated with any narrowband within system bandwidth. For instance, if system bandwidth consists of 15 PRBs, three PRBs (two of them are located at the ends of the system bandwidth and the other is located at the center of the system bandwidth) will not be used for Rel-13 eMTC UEs. In case of UL transmission, when these PRBs (especially located at the center of the system bandwidth) are not used, it can increase PAPR due to the potentially non-contiguous scheduling or restrict extended narrowband to be used for UL transmission. On the other hands, PRBs at the ends of the system bandwidth can be reserved for legacy PUCCH region. 
Proposal 4: It is necessary to investigate whether or not to use PRBs which are not associated with any narrowband for PDSCH/PUSCH scheduling with wider bandwidth operation considering PAPR, and coexistence with Rel-13 eMTC UEs or non-BL/CE UEs.
4. Conclusions

In this contribution, we discussed several aspects to support larger max PDSCH/PUSCH channel bandwidth operation for Re-14 FeMTC UE. Followings are our proposals and observation:  

Proposal 1: Wider bandwidth operation is not supported for CE mode B. 
Proposal 2: The maximum UE bandwidth for PDSCH/PUSCH in RRC connected mode for non-BL UE in CE mode A is 5MHz for Rel-14 FeMTC. 
Proposal 3: Extended narrowband for PDSCH/PUSCH with wider bandwidth operation can consider following approaches:

· Approach 1: Define extended narrowband as well as Rel-13 narrowband. 

· Approach 2: Derive extended narrowband for PDSCH/PUSCH by using narrowband index, the number of PRB(s) or narrowband(s). 

Proposal 4: It is necessary to investigate whether or not to use PRBs which are not associated with any narrowband for PDSCH/PUSCH scheduling with wider bandwidth operation considering PAPR, and coexistence with Rel-13 eMTC UEs or non-BL/CE UEs.
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