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1
Introduction
A new Rel.14 WI “Further enhance MTC” was approved in RAN#72 meeting at June 2016, and one of the objectives of this WI is shown below [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 RAN1#86 meeting, the following was agreed [2].

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 discuss the support of larger channel bandwidth.
2
UE supporting larger channel bandwidth 
In RAN1#86 meeting, it was agreed that for Rel.14 BL UEs in CE mode A, the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is 5 MHz. The motivation of UE supporting larger channel bandwidth is to provide higher data rates, for UE in CE mode B, as studied in Rel.13 it would need more repetitions than UE in CE mode A to fulfil the decoding requirements, which means more physical layer resources are occupied for a longer time, the whole system performance would be impacted. The situation could be even worse for non-BL UE if the supporting channel bandwidth is the same as the system bandwidth. Thus it’s not preferable to support larger channel bandwidth for UE in CE mode B. 
Proposal 1: The larger channel bandwidth is not supported by BL/non-BL UE in CE mode B.
Another FFS point regarding to non-BL UE is the supporting channel bandwidth, in case the supported PDSCH/PUSCH bandwidth is up to the system bandwidth, the coverage of normal UE could be improved with the features defined by eMTC, such as repetition, cross subframe scheduling/ channel estimation. However considering the objective of this WI “The objective is to specify the following improvements for machine-type communications for BL/CE (eMTC) UEs.

” [1], the target of FeMTC WI is to improve the performance of eMTC UE, i.e., BL/CE UE. So the normal UE is not the focus of design target, and the system design is not optimized for non-BL UE.  
Proposal 2: The maximum channel bandwidth of non-BL CE with FeMTC function is 5MHz.
Regarding to the standard impacts of supporting larger channel bandwidth, eMTC UE only supports one narrowband (i.e., 6PRB). To support larger channel bandwidth in FeMTC, the resource allocation field in the DCI need to be re-considered.
In Rel.8, the resource allocation field in DCI format 0 [3] is showing below, the resource allocation is on PRB level for UL and on RBG level for DL
- For non-hopping PUSCH with resource allocation type 0:

- 
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 bits provide the resource allocation in the UL subframe as defined in section 8.1.1 of [3]
For eMTC UE in CEMode A, the resource allocation field in DCI format 6-0A [3] is showing below, the resource allocation field indicate the narrowband and PRBs in the narrowband separately.
Resource block assignment – 
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+5 bits for PUSCH as defined in [3]:
-
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 MSB bits provide the narrowband index as defined in section 5.2.4 of [2] 
-
5 bits provide the resource allocation using UL resource allocation type 0 within the indicated narrowband
Table 1 gives a comparison of required bits for resource allocation indication. The Rel.8 resource allocation scheme requires more bits than Rel.13 eMTC resource allocation scheme. To keep the DCI format size compact, the eMTC resource allocation scheme could be the starting point to support larger channel bandwidth in FeMTC.
Table 1: required resource allocation bits for Rel.8 and Rel.13 eMTC with difference system bandwidth

	System bandwidth
	Number of PRB
	Number of Narrowband
	Rel.8
	Rel.13

	3MHz
	15
	2
	7
	6

	5MHz 
	25
	4
	9
	7

	10MHz
	50
	8
	11
	8

	15MHz
	75
	12
	12
	9

	20MHz
	100
	16
	13
	9


In last RAN1 meeting, it was discussed that the maximum useable PDSCH/PUSCH channel bandwidth is multiple 6PRBs. And for UE in CE mode A, the maximum channel bandwidth is 5MHz, correspondingly the resource allocation field needs to indicate 4 narrowbands. For eMTC, the continuous resource allocation is used for PUSCH and PDSCH, it can be used for FeMTC as well. If more resources are allocated to FeMTC UE, the benefit of non-continuous resource allocation is not promising, and if the allocated resource is just in one narrowband, the same performance can be reached as eMTC. 

The resource allocation field in Rel.13 can be re-interpreted for FeMTC, more specifically, 
· 
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 MSB bits provide the index of starting narrowband 
· 5 bits provide the index of starting PRB in the starting narrowband and the index of ending narrowband.
In case of allocated resources are larger than one narrowband, 6PRBs in the non-starting narrowband are always allocated to UE. And the PRBs in starting narrowband are adjacent to other allocated narrowbands. Table 2 gives an example of the resource allocation, in case 
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 indicates the starting narrowband is 2, and the state index of 5bits is 20. Searching the table2, PRBs {2,3,4,5,6} in narrowband 2 and PRBs in narrowband {3,4,5} are allocated to UE, totally 21 PRBs are assigned to UE. 
Proposal 3: Re-interpret eMTC resource allocation field in DCI format 6-0A/6-1A for FeMTC.
Table 2: example of mapping table for resource allocation 
	State in 5bits
	Starting PRB in Starting NB
	Ending PRB in Starting NB
	Starting NB
	Ending NB

	1
	1
	6
	2
	2

	2
	2
	6
	2
	2

	3
	3
	6
	2
	2

	4
	4
	6
	2
	2

	5
	5
	6
	2
	2

	6
	6
	6
	2
	2

	7
	1
	6
	2
	3

	8
	2
	6
	2
	3

	9
	3
	6
	2
	3

	10
	4
	6
	2
	3

	11
	5
	6
	2
	3

	12
	6
	6
	2
	3

	13
	1
	6
	2
	4

	14
	2
	6
	2
	4

	15
	3
	6
	2
	4

	16
	4
	6
	2
	4

	17
	5
	6
	2
	4

	18
	6
	6
	2
	4

	19
	1
	6
	2
	5

	20
	2
	6
	2
	5

	21
	3
	6
	2
	5

	22
	4
	6
	2
	5

	23
	5
	6
	2
	5

	24
	6
	6
	2
	5

	reserved
	
	
	
	

	reserved
	
	
	
	

	reserved
	
	
	
	

	reserved
	
	
	
	

	reserved
	
	
	
	

	reserved
	
	
	
	

	reserved
	
	
	
	

	reserved
	
	
	
	


3
Conclusion
In this contribution, we discuss the eMTC UE with larger channel bandwidth, and give the analysis resource allocation for larger channel bandwidth. Based on our analysis, the following proposals are made. 
Proposal 1: The larger channel bandwidth is not supported by BL/non-BL UE in CE mode B.

Proposal 2: The maximum channel bandwidth of non-BL CE with FeMTC function is 5MHz.
Proposal 3: Re-interpret eMTC resource allocation field in DCI format 6-0A/6-1A for FeMTC.
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