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1 Introduction

In RAN1 #87 meeting [1], the following agreements on frequency domain resource allocation for feMTC UEs with larger maximum channel bandwidth (BW) have been made:
Agreement:
· Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PDSCH channel bandwidth of either 5 or 20 MHz

· Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PUSCH channel bandwidth of 5 MHz

· Rel-14 non-BL UEs can support CE mode B in connected mode with a maximum PDSCH channel bandwidth of either 1.4, 5 or 20 MHz.

· Rel-14 non-BL UEs can support CE mode B in connected mode with a maximum PUSCH channel bandwidth of 1.4 MHz.

Agreement:

· The PDSCH Allocation for FeMTC UEs supporting larger BW is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for UEs configured with 5 MHz max PDSCH channel bandwidth

· 24 PRBs is the maximum number of PRBs that can be allocated

· The PDSCH Allocation for FeMTC UEs supporting larger BW is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for UEs configured with 20MHz max PDSCH channel bandwidth

· 96 PRBs is the maximum number of PRBs that can be allocated

· The PUSCH allocation for FeMTC UEs with larger BW can include at least certain PRBs that are not part of narrow bands defined in LTE Release 13

· This includes at least the central PRB in case of odd system bandwidth

· FFS: PRBs at the band edges that do not belong to any narrowband

Agreement:

· For Rel-14 BL/CE UE configured with max 5 MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported

· For Rel-14 non-BL UEs configured with max 20 MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported  
In this contribution, we discuss the FFS points above and provide design details on frequency domain resource allocation for feMTC UEs with larger maximum channel BW. 

2 Edge PRBs that do not belong to any narrowband (NB)
In this section, we discuss the allocation of band edge PRBs that do not belong to any NB for PUSCH transmission. 
With system BW of 3MHz, 10MHz, 15MHz and 20MHz, there are two or four band edge PRBs that do not belong to any NB. Allocating these band edge PRBs along with some NBs may improve the resource utilization to some extent, but the gain is quite limited. In addition, with LTE in-band operation, the band edge PRBs may be allocated for PUCCH transmission for other LTE UEs. Moreover, the allocation of band edge PRBs would make the scheduling and frequency hopping (FH) mechanism more complicated. Therefore, considering the potential gain, coexistence for in-band operation and clean design for scheduling and FH, it is preferred to leave the band edge PRBs that do not belong any NB as they are in Rel-13 eMTC. 
Proposal 1

· The band edge PRBs that do not belong to any NB are not included for PUSCH allocation.
3 Frequency resource allocation methods

To facilitate the discussion, we introduce a concept called “extended NB (ENB)” as follows [2]. For Rel-13 eMTC UEs, the supported maximum channel BW is 1.4 MHz, and the concept of NB is defined as a set of 6 contiguous PRBs. Similarly, for feMTC UEs supporting larger channel BW, an ENB can be defined, as proposed in [2]. Specifically, ENB is defined as a set of several adjacent NBs with the total BW being no larger than the maximum UE channel BW, as illustrated in Figure 1.

In the following subsections, we first discuss the resource allocation for PDSCH with maximum channel BW of 5MHz and 20MHz in both CE mode A and CE mode B. Then, the resource allocation for PUSCH with maximum channel BW of 5MHz in CE mode A is discussed. 
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Figure 1. Example of ENB in case of 10MHz system BW, with maximum channel BW of 5MHz. 

3.1 Resource allocation for PDSCH

The resource allocation for PDSCH can be localized or distributed. Table 1 and Table 2 provide various options for distributed/localized and localized resource allocations, respectively. For PRB allocation per NB, we adopt the Rel-13 eMTC resource allocation method, where 5 bits are used for CE mode A, and 1 bit is used for CE mode B with allocation of either 4 or 6 PRBs. 
Comparing these resource allocation methods, since the localized allocation can be a special case of distributed allocation, alternatives in Table 1 are preferred to have more flexible resource allocations. Among the resource allocation methods in Table 1, Alt 1c, Alt 3a and Alt 3b result in a good tradeoff between scheduling flexibility and control overhead. For further down selection, Alt 1c is better than the other two methods since it requires much less overhead in CE mode B. Specifically, a hierarchical resource allocation method based on ENB is used:

· First, the allocated ENB index within the system BW is indicated. 

· Further, the NBs allocated within the ENB is indicated, via starting NB index and number of NBs.

· Last, the PRB allocation within the NB(s) is indicated, reusing method for PRB allocation within NB in Rel-13 eMTC.
The PRB allocation within the NB can be applied to all allocated NB(s), or only the starting or end NB. 
	PDSCH, distributed/localized, 20MHz system BW

	CE modes
	CEmodeA
	CEmodeB

	Max channel BW
	20MHz
	5MHz
	20MHz
	5MHz

	Alt 1a
	Starting NB
	0
	4
	0
	4

	
	NB bitmap
	16
	4
	16
	4

	
	RA per NB
	5
	5
	1
	1

	
	Total bits
	21
	13
	17
	9

	Alt 1b
	Starting ENB
	0
	2
	0
	2

	
	NB bitmap
	16
	4
	16
	4

	
	RA per NB
	5
	5
	1
	1

	
	Total bits
	21
	11
	17
	7

	Alt 1c
	Starting ENB
	0
	2
	0
	2

	
	starting NB + number of NBs
	8
	4
	8
	4

	
	RA per NB
	5
	5
	1
	1

	
	Total bits
	13
	11
	9
	7

	Alt 2a
	Starting NB
	0
	4
	0
	4

	
	bitmap of RBG (e.g. 3 RBs)
	32
	8
	32
	8

	
	Total bits
	32
	12
	32
	12

	Alt 2b
	Starting ENB
	0
	2
	0
	2

	
	bitmap of RBG (e.g. 3 RBs)
	32
	8
	32
	8

	
	Total bits
	32
	10
	32
	10

	Alt 3a
	ENB index
	0
	2
	0
	2

	
	RA type 2 (unit:1RB)
	13
	9
	13
	9

	
	Localized/distributed flag
	1
	1
	1
	1

	
	Total bits
	14
	12
	14
	12

	Alt 3b
	ENB index
	0
	2
	0
	2

	
	RA type 2 (unit:2RBs)
	11
	7
	11
	7

	
	Localized/distributed flag
	1
	1
	1
	1

	
	Total bits
	12
	10
	12
	10


Table 1. Distributed/localized resource allocation methods for PDSCH with larger maximum channel BW in case of 20MHz system BW.
	PDSCH, localized, 20MHz system BW

	CE mode
	CEmodeA
	CEmodeB

	Max channel BW
	20MHz
	5MHz
	20MHz
	5MHz

	Alt 4a
	Starting NB
	4
	4
	4
	4

	
	RA type 0
	13
	9
	13
	9

	
	Total bits
	17
	13
	17
	13

	Alt 4b
	Starting ENB
	0
	2
	0
	2

	
	RA type 0
	13
	9
	13
	9

	
	Total bits
	13
	11
	13
	11

	Alt 5a
	RA type 0 (no RIV limit)
	13
	13
	13
	13

	
	Total bits
	13
	13
	13
	13

	Alt 5b
	RA type 0 (RIV limited to 2500)
	12
	12
	12
	12

	
	Total bits
	12
	12
	12
	12

	Alt 6
	Starting RB
	13
	11
	13
	11

	
	Number of RBs
	
	
	
	

	
	Total bits
	13
	11
	13
	11

	Alt 7
	Starting NB
	8
	6
	8
	6

	
	Number of NBs
	
	
	
	

	
	Total bits
	8
	6
	8
	6

	Alt 8
	Starting NB
	10
	9
	10
	9

	
	Number of RBs
	
	
	
	

	
	Total bits
	10
	9
	10
	9


Table 2. Localized resource allocation methods for PDSCH with larger maximum channel BW in case of 20MHz system BW.

Proposal 2

· Adopt an ENB based hierarchical resource allocation method for PDSCH, where ENB index is first indicated, further the NB allocation within ENB is indicated via starting NB index and number of NBs, and lastly the PRB allocation within NB is indicated via method used in Rel-13 eMTC PRB allocation within NB.
3.2 Resource allocation for PUSCH
We provide the comparison of various resource allocation methods for PUSCH in Table 3. Among these methods, though Alt 4 and Alt 5 require less overhead compared to others, they lack the scheduling flexibility. For the remaining methods, Alt 3 is the most flexible method requiring limited overhead. Specifically, the joint coding of starting RB and number of RBs can be used for PUSCH resource allocation, e.g. 11 bits in case of 20MHz system BW are enough to cover combinations with starting RB index of x and number of PRBs being min{24, 98-x}, where x ( {2, 3, …, 97}.
Recall that there is a central PRB that does not belong to any NB for odd system BW. To reserve the single carrier property of PUSCH, it is desirable to allocate the central PRB if its neighboring NBs are allocated for PUSCH transmission. For such an allocation, implicit indication based on the following predefined behavior can be adopted for PUSCH allocation: if the NBs at both sides of the central PRB are allocated to the UE, the central PRB is also allocated to the UE. 
	PUSCH, max channel BW=5MHz, system BW=20MHz

	Resource allocation method
	Number of bits
	Total bits

	Alt 1a
	Starting NB
	4
	13

	
	RA type 0
	9
	

	Alt 1b
	Starting ENB
	2
	11

	
	RA type 0
	9
	

	Alt 2a
	RA type 0 (no RIV limit)
	13
	13

	Alt 2b
	RA type 0 (RIV limited to 2500)
	12
	12

	Alt 3
	Starting RB
	11
	11

	
	Number of RBs
	
	

	Alt 4
	Starting NB
	6
	6

	
	Number of NBs
	
	

	Alt 5
	Starting NB
	9
	9

	
	Number of RBs
	
	

	Alt 6
	Starting ENB
	2
	11

	
	starting NB + number of NBs
	4
	

	
	RA per NB
	5
	


Table 3. Resource allocation methods for PUSCH in CE mode A with maximum channel BW of 5MHz in case of 20MHz system BW.
Proposal 3

· The resource allocation for PUSCH is indicated via starting PRB and number of PRBs, where the starting PRB and number of PRBs are jointly coded. 
· For PUSCH, the central PRB is allocated implicitly if NBs at both sides of the central PRB are allocated. 
4 Conclusion

In this contribution, we discuss the frequency domain resource allocation methods for feMTC UEs with larger maximum channel BW. Based on the comparison of various options, we make the following proposals:

Proposal 1

· The band edge PRBs that do not belong to any NB are not included for PUSCH allocation.
Proposal 2

· Adopt an ENB based hierarchical resource allocation method for PDSCH, where ENB index is first indicated, further the NB allocation within ENB is indicated via starting NB index and number of NBs, and lastly the PRB allocation within NB is indicated via method used in Rel-13 eMTC PRB allocation within NB.
Proposal 3

· The resource allocation for PUSCH is indicated via starting PRB and number of PRBs, where the starting PRB and number of PRBs are jointly coded. 
· For PUSCH, the central PRB is allocated implicitly if NBs at both sides of the central PRB are allocated. 
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