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Introduction
In 3GPP TSG RAN WG1 Meeting #86bis regarding the support of larger PDSCH/PUSCH channel bandwidth for MTC, the following were agreed [1]:
· Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PDSCH/PUSCH channel bandwidth of either 5 or 20 MHz.
· Rel-14 capability signaling is introduced to differentiate non-BL UEs with respect to maximum UE channel BW support in CE.
· Rel-14 non-BL UE may also support Rel-13 CE mode A and CE mode B.
· A Rel-14 non-BL UE supporting CE mode A operation with 20-MHz maximum PDSCH/PUSCH channel bandwidth also supports CE mode A operation with 5-MHz maximum channel bandwidth.
· Strive for commonality in the DCI design for the 5-MHz and 20-MHz cases without introducing unnecessary overhead for the 5-MHz case.
FFS whether to support frequency hopping for PDSCH/PUSCH channel bandwidths >5 MHz.

Regarding the support of larger channel bandwidth for Rel-14 non-BL UEs, the following were agreed:
· The larger maximum UE channel BW for PDSCH is supported for both CE mode A and CE mode B.
· The larger maximum UE channel BW for PUSCH is not supported for CE mode B.
· For the 5-MHz BL UE,
· The maximum reception bandwidth is 25 PRBs.
· The maximum allocatable PDSCH channel bandwidth is [FFS between 24 or 25] PRBs.
· The maximum transmission bandwidth is 25 PRBs.
· The maximum allocatable PUSCH channel bandwidth is [FFS between 24 or 25] PRBs.

This contribution proposes resource allocation methods for DL and UL for the wider (5 MHz or 20 MHz) bandwidth operation in CE mode A.
[bookmark: _Ref465694827]DL resource allocation for FeMTC CE mode A
We propose a flexible downlink resource allocation method for both the 5MHz (BL or non-BLUE) and 20MHz (non-BL UE) for CE mode A. The proposed method is in line with a number of previous contributions, see [2], [3] and [4], however, it provides a complete resource allocation solution including bandwidth configurations below 5 MHz, and it describes a compact method for frequency hopping. Finally, we also specify the amount of bits required for the proposed allocation method. 
For the 5MHz channel bandwidth operation in CE mode A, we propose the definition of a channel bandwidth dependent frequency region called “Distribution Area” (DA) which is a concept:

[bookmark: _Ref465695303]Definition 1: A distribution area is defined as n consecutive resource blocks in the frequency domain, where. 
The total number of such distribution areas in the downlink is given by






The distribution areas are numbered   in an increasing order of physical resource-block numbers where a distribution area is composed of physical resource-block indices  and where 
An illustration for the distribution areas for each DL system bandwidth is given in in Figure 1 below
[image: grid_for_resource_allocation2]
[bookmark: _Ref465433968]Figure 1 - the distribution area (DA) and its hopping/offsetting possibilities for different cell bandwidths.


[bookmark: _Ref465696865]Observation 1: The distribution area spans resource blocks. Hence for, the DA spans the entire DL cell bandwidth.
Therefore we propose - 

Proposal 1: Define a “Distribution Area” as n consecutive resource blocks in the frequency domain, where.
The UE with 5-MHz channel bandwidth operation can be allocated only within DA boundary (in analogy to narrowband definition). Within the DA the eNodeB can use a legacy resource allocation (i.e. types 0/1/2) up to 5 MHz. For Rel-13 BL UE, it uses resource allocation type 2 but only localized. For Rel-14 FeMTC UE with 5MHz channel bandwidth operation, we propose to still use the resource allocation type 2 but eNodeB can switch between localized and distributed allocation. Distributed allocation is an efficient frequency diversity method also for cases with no repetitions. Therefore we think it should be supported for the wider bandwidth operation of Rel-14 FeMTC UE. 
In Rel-13 with 6 PRB limit, there was no motivation to support VRB of distributed type, but with Rel-14 we see this is as an important factor to reach higher throuputs. Based on simulation results (see Appendix) we see that resource allocation type 2 with distributed VRB outperform localized VRB.

Proposal 2: For 5MHz channel bandwidth operation and for DL in CE mode A
· PRB assignment within 5MHz is the same as DL resource allocation type 2
· VRB of distributed type is supported

To understand the specification impact to support resource allocation type 2 (localized/distributed) within a distribution area (i.e. proposal 1 and proposal 2), we can make couple of observations. 
Observation 2: With distributed type allocation of resource allocation type 2 using DAs
· 

The resource block distribution can be done by replacing with  in Section 6.2.3.2 of 3GPP TS 36.211. 
· there is no need for a DCI bit to indicate the gap value Ngap,1 or Ngap,2, and Ngap,1 will always be used as the distributed allocation cannot span more than 25 resource blocks

When, the entire cell bandwidth can be accessed for allocation by resource allocation type 2, i.e. the DA can span the entire bandwidth and there is no room for offsetting the DA, see Figure 1. Frequency diversity can be obtained by using the distributed type allocation instead of localized and therefore frequency hopping is not needed in this case and we can save the extra DCI bits. 

[bookmark: _Ref465695961]Proposal 3: For Rel-14 FeMTC with larger bandwidth operation, when frequency hopping is not supported. 




With resource allocation type 2, the number of bits for the resource indicator value (RIV) is bits. However, with 5 MHz operation the allocation cannot span more than 25 resource blocks. Thus the number of RIV bits is not higher than when  so the bit length of the RIV can be fixed to =9 bits also for.

[bookmark: _Ref465697029]Observation 4: For resource allocation type 2 with DAs, the number of RIV bits is given by 

When, the DA (5MHz region) is not able to access the entire system bandwidth. This is when we enable the concept of DA offsetting (in analogy to narrowband index). 

[bookmark: _Ref465695983]Proposal 4: When, the DA offset granularity shall be set to 25 RBs. 
This granularity is suitable as it keeps the signalling overhead low and because 25 is a common factor for cell bandwidths of 25, 50, 75, 100 RBs. According to this granularity selection, the DA offset options are as shown in Figure 1. The corresponding number of bits needed for DA indexing is given by:


When offsetting is possible then it can be used for DA hopping when frequency hopping is enabled (in analogy to narrowband frequency hopping). As in Rel-13, the signaled DA offset value in the DCI is used to determine the DA index or starting DA index (for the repetition case) and depending on the system bandwidth hopping pattern can cycle between 2 DA or 4 DA. 
[bookmark: _Ref465695997]Proposal 5: DA hopping for repetitions can use a similar mechanism to the narrowband hopping of 1.4 MHz capable Release 13 eMTC devices, where the hopping configuration is given by higher layer. 

UE with 20MHz channel bandwidth operating in CE Mode A reuse exactly the legacy resource allocation type 2 to extract its allocated RBs. This means smaller impact for a non-BL UE to support CE mode A. The proposed resource allocation method can be enabled by a new DCI format. This DCI should be common for UEs with either a 5 MHz or a 20 MHz channel bandwidth operating in CE mode A. When a UE with 5 MHz channel bandwidth (BL or non-BL UE) receives this DCI it interprets the resource block allocation bits according to Table 2. When a UE with 20-MHz channel bandwidth operation (non-BL UE) receives this DCI it interprets the resource block allocation bits according to Table 3. Table 3 provides the resource allocation bits of the legacy DCI format 1A/1B using resource allocation type 2. Notice, that there is high level of alignment in number of total resource allocation bits between Table 2 and Table 3. Whenand the DCI is received by a UE with 5 MHz channel bandwidth operation, the LSB of the RIV can be discarded.
[bookmark: _Ref465696011]Proposal 6: Same DCI format is used for UEs operating with 5MHz or 20MHz channel bandwidth in CE mode A
[bookmark: _Ref465437312]Table 2 - Resource allocation bits for the proposed downlink allocation method for a 5 MHz capable FeMTC Mode A device.
	BW (MHz)
	

	RIV (bits)
	DA offset (bits)
	Offset granularity (RBs)
	Hopping flag )bits)
	Total RBA (bits)
	Localized / distributed flag (bits)
	Total resource allocation related (bits)

	1.4
	6
	5
	0
	N/A
	0
	5
	1
	6

	3
	15
	7
	0
	N/A
	0
	7
	1
	8

	5
	25
	9
	0
	N/A
	0
	9
	1
	10

	10
	50
	9
	1
	25
	1
	11
	1
	12

	15
	75
	9
	2
	25 
	1
	12
	1
	13

	20
	100
	9
	2
	25
	1
	12
	1
	13



[bookmark: _Ref465437372]Table 3 - Resource allocation bits for the proposed downlink allocation method for a 20 MHz capable FeMTC Mode A device.
	BW (MHz)
	

	Total
 RBA bits
	Localized / distributed flag
	Total resource allocation related bits

	1.4
	6
	5
	1
	6

	3
	15
	7
	1
	8

	5
	25
	9
	1
	10

	10
	50
	11
	1
	12

	15
	75
	12
	1
	13

	20
	100
	13
	1
	14



Below we present alternative methods aiming to further reduce the number of required DCI bits for the proposed resource allocation method. The resulting total number of bits is described in Table 4
· Alternative 1:
· Use a DCI 1C “like” resource allocation type 2 which further reduces the needed RBA bits
 
· Alternative 2: 
· 
When, force a localized type of resource allocation as frequency diversity can be obtained by the DA hopping mechanism instead of distributed allocation. (Localized/distributed flag bit is saved). 





[bookmark: _Ref465934083]Table 4 A compact interpretations of resource allocation bits for a 5 MHz channel bandwidth operation based on Alternative 1 (Alternative 2)
	BW (MHz)
	

	RIV bits
	DA offset bits = RBA-RIV bits
	Offset granularity (RBs)
	Hopping flag
	Total
 RBA bits
	Localized / distributed flag
	Total resource allocation related bits

	1.4
	6
	3
	0
	N/A
	0
	3
	1
	4

	3
	15
	5
	0
	N/A
	0
	5
	1
	6

	5
	25
	7
	0
	N/A
	0
	7
	1
	8

	10
	50
	7
	1
	24
	1
	9
	1 or 0 
	10 or 9

	15
	75
	7
	2
	24 
	1
	10
	1 or 0
	11 or 10

	20
	100
	7
	2
	24
	1
	10
	1 or 0
	11 or 10



UL resource allocation for FeMTC CE mode A
The proposal for the uplink resource allocation method for CE mode A is extremely derivative of the corresponding downlink method presented in Section 2.
Notice that downlink resource allocation type 2 is very similar to uplink resource allocation type 0. Consequently, the downlink localized/distributed flag is replaced by the uplink frequency hopping flag. Besides this, the RBA length is the same between these two resource allocation methods. 
Thus, the discussion for the downlink resource allocation of Section 2 can be applied for the uplink as well.   


The uplink “Distribution area” (DA) and its properties are derived from Definition 1 of the downlink DA by replacing with.


The same can be said for several observations and proposals, i.e. Observation 1, Observation 4, Proposal 1, Proposal 2 Proposal 3, Proposal 4, and Proposal 5 can apply to uplink resource allocation by replacing with . This is also true for Table 1.

When, we propose to use uplink frequency hopping, enabled by uplink resource allocation type 0, for frequency diversity performance gain (Proposal 2). 

When, uplink resource allocation type 0 can be combined with DA offsetting in the same way downlink resource allocation type 2 was combined with DA offsetting. The DA offsetting granularity shall be set to 25 RBs (Proposal 3). DA offsetting can be used by repetitions as a starting DA offset. The hopping properties are configured by higher layers (Proposal 4).


Observation 5: For uplink frequency hopping using DAs, the resource block allocation can be done by replacing with in Section 5.3.4 of 3GPP TS 36.211. 
Observation 6: For uplink frequency hopping using DAs, there is no need for a second NUL_hop bit since the uplink allocation cannot span more than 25 resource blocks, see Table 8.4-1 of 3GPP TS 36.213.
The proposed resource allocation method can be enabled by a new DCI format. This DCI is common for UEs with either a 5 MHz or a 20 MHz channel bandwidth operating in CE mode A (Proposal 5). When a UE with 5 MHz channel bandwidth receives this DCI it can interpret the resource block related bits according to Table 6. When a UE with 20 MHz channel bandwidth receives this DCI it can interpret the resource block related bits according to Table 7. Table 7 provides the resource allocation bits of the legacy DCI format 0 using uplink resource allocation type 0. Thus, a 20MHz capable FeMTC UE can reuse the legacy resource uplink allocation type 0 to extract its allocated RBs. Notice, that there is high level alignment of number of total resource allocation bits between Table 6 and Table 7. 
[bookmark: _Ref465699771]Table 6 Resource allocation bits for the proposed uplink allocation method for a 5 MHz capable FeMTC Mode A device.
	BW (MHz)
	

	RIV bits
	DA offset bits
	Offset granularity (RBs)
	DA Hopping flag
	Total
 RBA bits
	Frequency hopping flag
	Total resource allocation related bits

	1.4
	6
	5
	0
	N/A
	0
	5
	1
	6

	3
	15
	7
	0
	N/A
	0
	7
	1
	8

	5
	25
	9
	0
	N/A
	0
	9
	1
	10

	10
	50
	9
	1
	25
	1
	11
	1
	12

	15
	75
	9
	2
	25 
	1
	12
	1
	13

	20
	100
	9
	2
	25
	1
	12
	1
	13


	
[bookmark: _Ref465699783]Table 7 Resource allocation bits for the proposed uplink allocation method for a 20 MHz capable FeMTC Mode A device.
	BW (MHz)
	

	Total
 RBA bits
	Frequency hopping flag
	Total resource allocation related bits

	1.4
	6
	5
	1
	6

	3
	15
	7
	1
	8

	5
	25
	9
	1
	10

	10
	50
	11
	1
	12

	15
	75
	12
	1
	13

	20
	100
	13
	1
	14




Conclusion
Regarding FeMTC downlink resource allocation for the wider bandwidth operation, the following proposals are made:

Proposal 1: Define the “Distribution Area” as n consecutive resource blocks in the frequency domain, where.
Proposal 2: For 5MHz channel bandwidth operation and for DL in CE mode A
· PRB assignment within 5MHz is the same as DL resource allocation type 2
· VRB of distributed type is supported

Proposal 3: For Rel-14 FeMTC with larger bandwidth operation, when frequency hopping is not supported. 


Proposal 4: When, the DA offset granularity shall be set to 25 RBs. 

Proposal 5: DA hopping for repetitions can use a similar mechanism to the narrowband hopping of 1.4 MHz capable Release 13 eMTC devices, where the hopping configuration is given by higher layer.
Proposal 6: Same DCI format is used for UEs operating with 5MHz or 20MHz channel bandwidth in CE mode A


Regarding FeMTC uplink resource allocation for the wider bandwidth operation, the above proposals can be used by replacing with.
Appendix
Figure 2 and Figure 3 compare the packet error rate performance between the following three resource allocation methods.
1. Localized without DA hopping: 
Allocation of 12 consecutive RBs indexed from RB#0 to RB#11 for all subframes.
2. Localized with DA hopping: 
Allocation of 12 consecutive RBs indexed from RB#0 to RB#11 for even subframes and 12 consecutive RBs indexed from RB#11 to RB#22 for odd subframes (band hopping).
3. Resource Allocation  type 2 distributed: 
Allocation of 12 consecutive virtual RBs using distributed type resource allocation type 2.
The simulation parameters are shown in Table 8.
[bookmark: _Ref465868145][bookmark: _Ref465013938]Table 8 Simulation parameters
	Parameter
	Value
	Parameter
	Value

	Duplex
	FDD
	MCS
	4 (QPSK 1/3)

	Cyclic Prefix
	Normal
	HARQ
	On

	Transmission Mode
	TM1 (1x1)
	Channel estimation
	Ideal

	Cell bandwidth
	5 MHz
	Repetitions
	1

	Allocated RBs
	12
	Channel type
	EPA5, EVA5



Figure 2 and Figure 3 show that the performance gain when 12 consecutive RBs are hopped is minor. On the contrary, the resource allocation type 2 distributed method provides a better performance gain.  
[image: D:\Ixirouchakis\Documents\Docs\5G\Proposals\feMTC_CatM2_freq_alloc\EVA5.png]
[bookmark: _Ref465868228]Figure 2 Packet Error Rate performance for EVA5 channel.

[image: D:\Ixirouchakis\Documents\Docs\5G\Proposals\feMTC_CatM2_freq_alloc\EPA5.png]
[bookmark: _Ref465868230]Figure 3 Packet Error Rate performance for EPA5 channel.
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