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LTE Rel-13 introduced improved support for machine-type communications (MTC) in the form of bandwidth-reduced low-complexity and coverage enhanced (BL/CE) UEs. One of the objectives of the Rel-14 WI on Further Enhanced MTC (FeMTC) [1] is to specify the following improvements for higher data rate support for BL/CE UEs:
· 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
· Specify HARQ-ACK bundling in CE mode A in HD-FDD
· Up to 10 DL HARQ processes in CE mode A in FD-FDD

RAN1#86 and RAN1#86bis made the following general agreement on higher data rate support [2]:
· FeMTC UEs use Rel-13 DCI formats for MPDCCH Type-0/1/2 CSS transmissions.

The following was agreed regarding supporting larger max PDSCH/PUSCH channel bandwidth [2]:
· 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.
· 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.

The following was agreed regarding larger max PDSCH/PUSCH channel bandwidth for BL UE [2]:
· For Rel-14 BL UEs in CE mode A and CE mode B the single larger maximum UE channel BW for PDSCH in RRC connected mode is 5 MHz.
· For Rel-14 BL UEs in CE mode A, the single larger maximum UE channel BW for PUSCH in RRC connected mode is 5 MHz.
· 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.

The following was agreed regarding larger max PDSCH/PUSCH channel bandwidth for non-BL UE [2]:
· For Rel-14 non-BL UEs in CE mode A and CE mode B the larger maximum UE channel BW for PDSCH in RRC connected mode is 5 or 20 MHz.
· For Rel-14 non-BL UEs in CE mode A, the larger maximum UE channel BW for PUSCH in RRC connected mode is 5 or 20 MHz.
· 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

In this contribution we will discuss resource allocation and DCI format.
1 Resource allocation for larger bandwidth 
According to RAN1 agreements stated in previous section, it is required that the MPDCCH design follows that of Rel-13, and UEs operating in narrowband operation should be able to decode MPDCCH. Also it is agreed that FeMTC UEs use Rel-13 DCI formats for MPDCCH Type-0/1/2 CSS transmissions. 
Also according to the agreements there should be communality in the DCI design between non-BL UEs operating in 5 MHz and 20 MHz bandwidth without introducing unnecessary overhead for the 5-MHz UEs. And last but not least, Rel-13 and Rel-14 UEs should be able to coexist in the same cell. 
It is clear that the proposed resource allocation method(s) for Rel-14 MTC UEs should take into account all these guidelines. Furthermore, the Rel-8 resource allocation methods provide enough flexibility for the scheduler and they are already optimized for the LTE system. Therefore, the baseline for FeMTC resource allocation schemes could be Rel-8 resource allocation with proper modifications in order to apply them for Rel-14 requirements. Also this approach is in accordance with the coexistence of UEs with legacy and new resource allocation types.
Proposal 1: Rel-8 resource allocation methods should be the starting point of Rel-14 resource allocation design.
 As discussed in [3] for PDSCH/PUSCH resource allocation, there is no obvious need for a new narrowband/wideband definition. And the resource allocation can be directly indicated by the PRB indexing within the system bandwidth. Therefore, a maximum possible channel bandwidth of 25 PRBs can be used as the “maximum allocatable PDSCH/PUSCH channel bandwidth” for 5-MHz BL UEs. This choice gives the scheduler access to a wide range of PRBs for resource allocation and provides efficient use of resources. Furthermore, there are some remainder PRBs in some different system bandwidths which do not belong to any narrowband. Setting the maximum bandwidth to 25 PRBs makes it possible to cover also these remainder PRBs.
Proposal 2: The maximum allocatable PDSCH/PUSCH channel bandwidth is 25 PRBs.
RAN1 has agreed that the MPDCCH design should follow the Rel-13 narrowband design. Also, Rel-13 and Rel-14 UEs should be able to coexist efficiently in the same cell.
Observation 1: For efficient resource allocation and coexistence of Rel-13 and Rel-14 UEs in the same cell, it is desired that the PRB allocation method of Rel-14 UEs can be aligned with narrow band definition in Rel-13.
Among three downlink resource allocation types in Rel-8, type 1 was designed to achieve frequency diversity by spreading the allocation along the whole system bandwidth. However, it is likely that frequency hopping will be introduce for Rel-14 UEs in accordance with Rel-13 frequency hopping pattern. This makes frequency spreading of resources less necessary. Furthermore, this method might not give considerable gain for UEs with only 5 MHz bandwidth. On the other hand, type 0 allocation can give considerable flexibility to the scheduler for selecting different Resource Block Groups (RBGs) in case some part of the 5-MHz bandwidth is occupied by other UEs. On the other hand, type 2 can give more granularity for choosing the starting point within the bandwidth and needs fewer number of bits in DCI. However, this allocation is contiguous therefore it is less flexible compared to type 0, yet this is a desired characteristic for uplink resource allocation (worth mentioning is that this is named “type 0” for uplink) since the contiguous allocation is required for SC-FDMA modulation in uplink.
Beside fulfilling the above conditions, here we strive for providing a solution that has the same overhead level as the Rel-13 resource allocation i.e.  , where  is the number of PRBs for the whole downlink bandwidth. The following proposed methods can be considered as a candidate for Rel-14 resource allocation methods for BL UEs.
Alt 1: Resource allocation for 5-MHz BL UEs based on resource allocation type 0:
· The narrowband that contains the first PRBs within the resource allocation is indicated to the UE using   bits. In the example in Figure 1, this is the 3rd narrowband. The 5-MHz transmission/reception window does not need to be aligned with the narrowband but only cover the relevant part of the first narrowband.
· Define a Resource Block Group (RBG) as a number of consecutive PRBs with the starting point being the first PRB of the first narrowband indicated in the previous step. The last RBG is the one that is placed inside the 5-MHz transmission/reception window. In Figure 1, the RBG size is 3 PRBs and the first RBG is the first three PRBs of 3rd narrowband.
· Assign a bitmap to the RBGs defined in the previous step that are placed within the 5-MHz transmission/reception window. Not all the PRBs defined in the previous step need to be allocated. For example, in Figure 1 the first PRB in the 3rd narrowband is not allocated since it is not inside the 5-MHz transmission/reception window. Maximum number of bits required for the bitmap equals  where   is the number of PRBs in one RBG.
· Each bit in the bitmap is set to 1 if the RBG is assigned to the UE, otherwise it is set to 0.
The main advantage of this method is that it is aligned with the Rel-13 narrowband definition. This helps the efficient coexistence of the Rel-13 and Rel-14 UEs in the same cell from resource allocation point of view. Furthermore, it gives the scheduler high level of flexibility in downlink to select available PRBs within the 5-MHz transmission/reception bandwidth. Finally, this method requires only a few extra bits in the DCI field compared to number of bits assigned to Rel-13 resource allocation.
Notice that in some configurations the 5-MHz transmission/reception window is not aligned with the narrowband since some of the resources inside the 5-MHz bandwidth would not be assigned to the UE. Selecting a small RBG size would reduce the amount of unused resources. Figure 1 shows this method for 10 MHz system bandwidth and an RBG size of 3 PRBs.
[image: ]
Figure 1: Example of resource allocation according to Alt 1
Alt 2: Resource allocation for 5-MHz BL UEs based on resource allocation type 2:
· First we indicate the index of the first narrowband that is located completely inside the 5-MHz transmission/reception bandwidth using   bits. In the example in Figure 2 this is the 2nd narrowband.
· Define a Resource Block Group (RBG) as a number of consecutive PRBs. In the following example the RBG size is 2 PRBs.
· Allocate resources contiguously in terms of RBGs. In the following, 7 contiguous RBGs are assumed to be allocated which equals to 14 PRBs. The number of bits requires to indicated the length of the allocation equals . This shows that Alt 2 needs fewer additional bits in the DCI for resource allocation. However, it has less flexibility compared to Alt 1.
Notice that since this method uses contiguous allocations, it could be used for PUSCH resource allocation. Figure 2 shows this method for 10 MHz system bandwidth and an RBG size of 2 PRBs.
[image: ]
Figure 2: Example of resource allocation according to Alt 2

Alt 3: This method is simply the modification of the Rel-8 resource allocation type 2. The only difference is that instead of defining the starting point and the length of the allocation in terms of PRBs, we define these two parameters in terms of RBGs. Another minor difference here is that the length of the resource allocation does not need to be more than the length of the 5-MHz transmission/reception bandwidth i.e. 25 PRBs. The number of bits that are required in this method equal .
[bookmark: _GoBack]This approach gives more flexibility in terms of the resource allocation since it does not need to be aligned with the narrowband definition in all configurations. However, this might make it less efficient to schedule both Rel-13 and Rel-14 UEs in the same cell. Figure 3 shows this method for 10 MHz system bandwidth and an RBG size of 2 PRBs.
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Figure 3: Example of resource allocation according to Alt 3

Table 1 shows the number of bits in the DCI required for scheduling using any of the above three resource allocation methods. We can see that all three methods only need relatively few additional bits in the DCI compared to Rel-13 resource allocations method. This can be considered an acceptable overhead increase. Furthermore, this extra overhead can be avoided by selecting larger RBG size.
A common potential issue with Alt 1 and Alt 2 is that they are based on the Rel-13 narrowbands and therefore the PRBs that are not part of any narrowband cannot be allocated to the UEs. One possible way to address this potential issue is to assign one additional bit in the DCI to indicate a shift in the resource allocation by one PRB to the right or left depending on the system bandwidth.
Proposal 3: PDSCH resource allocation for 5-MHz BL UEs is based on Alt 1, 2 or 3.
Proposal 4: PUSCH resource allocation for 5-MHz BL UEs is based on Alt 2 or 3.
Proposal 5: Considering adding one bit to the resource allocation bitmaps in Alt 1 or 2 to indicate a shift of the resource allocation equal to one PRB to the left or to the right depending on the system bandwidth.

Table 1: Number of DCI bits for proposed resource allocation methods for 5-MHz BL UE
	
	Bandwidth (# of PRBs)

	
	24
	48
	96

	Rel-13 CE mode A
	7
	8
	9

	Rel-8 Type 0
	13
	16
	25

	Rel-8 Type 2
	10
	12
	14

	Alt 1
	RBG size = 3
	10
	11
	12

	
	RBG size = 4
	8
	9
	10

	
	RBG size = 6
	6
	7
	8

	Alt 2
	RBG size = 2
	6
	8
	10

	
	RBG size = 3
	5
	7
	9

	Alt 3
	RBG size = 2
	8
	9
	10

	
	RBG size = 3
	7
	8
	9

	
	RBG size = 4
	6
	7
	8



Since it is agreed to strive for maximum communality between BL and non-BL UEs, for non-BL UEs operating with max 5 MHz PDSCH/PUSCH channel bandwidth the same approach as BL UEs can be adopted. For non-BL UEs operating with max 20 MHz PDSCH/PUSCH channel bandwidth either simple extension of above method or using method type 2 from Rel-8 can be applied.
Proposal 6: Non-BL UEs configured with max 5-MHz channel bandwidth use the same resource allocation method as 5-MHz BL UEs.
Proposal 7: Non-BL UEs configured with max 20-MHz channel bandwidth use a straightforward extension of the method used for 5-MHz BL/non-BL UE. This means using extra bits to cover the up to 4 times larger channel bandwidth.
2 DCI definition
The following fields can be considered in addition to existing fields in the Rel-13 MTC DCI formats.
	New information that needs to be signaled in DCI
	Proposed solution

	Extra bits for resource allocation for UEs operating with 5-20 MHz max PDSCH/PUSCH channel bandwidth
	Add 2-5 bits in formats 6-0A, 6-1A and 6-1B (see Section 2)

	Configurations fields for HARQ-ACK bundling
	Reinterpret 3-4 bits in format 6-1A (see reference [4])

	A flag to indicate whether HARQ-ACK bundling is applied for the next downlink transmission before switching to UL in HD-FDD mode
	Add 1 bit in format 6-1A (see reference [4])

	Extra bits in MCS fields for UEs operating with 5-20 MHz max PDSCH/PUSCH channel bandwidth
	Add 2 bits in formats 6-0A, 6-1A and 6-1B (see reference [5])



3 Conclusion
In this contribution we discuss HARQ-ACK bundling for HD-FDD BL/CE UEs in CE mode A. We have the following observation and proposals.
Observation 1: For efficient resource allocation and coexistence of Rel-13 and Rel-14 UEs in the same cell, it is desired that the PRB allocation method of Rel-14 UEs can be aligned with narrow band definition in Rel-13.

Proposal 1: Rel-8 resource allocation methods should be the starting point of Rel-14 resource allocation design.
Proposal 2: The maximum allocatable PDSCH/PUSCH channel bandwidth is 25 PRBs.
Proposal 3: PDSCH resource allocation for 5-MHz BL UEs is based on Alt 1, 2 or 3.
Proposal 4: PUSCH resource allocation for 5-MHz BL UEs is based on Alt 2 or 3.
Proposal 5: Considering adding one bit to the resource allocation bitmaps in Alt 1 or 2 to indicate a shift of the resource allocation equal to one PRB to the left or to the right depending on the system bandwidth.
Proposal 6: Non-BL UEs configured with max 5-MHz channel bandwidth use the same resource allocation method as 5-MHz BL UEs.
Proposal 7: Non-BL UEs configured with max 20-MHz channel bandwidth use a straightforward extension of the method used for 5-MHz BL/non-BL UE. This means using extra bits to cover the up to 4 times larger channel bandwidth.
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