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1 Introduction

In RAN1 #86bis meeting [1], the following agreements on the support of larger max channel bandwidth (BW) for feMTC have been made:
Agreement:
· 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.
Agreement:
· 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.

In this contribution, we discuss the designs to support larger maximum channel BW, including the configuration methods for switching between operations with different BWs, scheduling and resource allocation for larger max channel BW, and corresponding detailed DCI designs. 

2 Max channel BW for Rel-14 non-BL UEs

Before delving into the design details for support of larger maximum channel BW, we would like to first discuss the need to support max channel BW larger than 5MHz for UL of Rel-14 non-BL UEs, though the agreement made in last RAN1 meeting is to support 5 or 20MHz for both PDSCH and PUSCH for Rel-14 non-BL UEs in CE mode A. 
For DL, the support of larger channel BW is beneficial in terms of coverage improvement, as more transmission power can be allocated for the transmissions over larger BW. However, the benefit of supporting UL transmission over channel BW larger than 5MHz is not clear when considering enhanced coverage operation. The max TBS that can be supported by 5MHz maximum channel BW is more than sufficient for most MTC-type services that the higher category UEs may be expected to support. Moreover, the support of maximum UL channel BW larger than 5MHz results in additional specification impact, e.g. possibly different resource allocation and FH mechanisms across UEs with different maximum channel BW operation. Therefore, considering the limited benefits, unclear use cases, additional specification impact and the scheduler complexity of handling UL with 1.4MHz, 5MHz, and 20MHz max channel BW, it is preferred to restrict the max channel BW for UL for Rel-14 non-BL UEs in CE mode A to 5MHz. 
Proposal 1
· RAN1 to reconsider the max PUSCH bandwidth for Rel-14 non-BL UEs in CE  mode A
· It is recommended that the max PUSCH BW for Rel-14 non-BL UEs in CE mode A is 5MHz.
3 Configuration for switching between operations with different max channel BW
As introduced above, larger maximum UE channel BW has been agreed as an enhancement to support higher data rates for feMTC. Since the support of larger channel BW incurs additional power consumption, it is desirable to enable or disable the transmission and reception over BW larger than 1.4 MHz depending on the data rate requirements, e.g., from the application layer. In other words, it is beneficial to enable the UEs to operate as Rel-13 BL UEs with maximum channel BW of 1.4 MHz when there is no high data rate requirement, and to adapt to transmission and reception over larger channel BW by aggregating multiple 6-PRB narrowbands (NBs) when high data rate is needed. This section discusses the design options for the configuration of switching between operations with single NB and operations with aggregated NBs.
The switching to/from operations with different BWs can be dynamically configured via DCI, or semi-statically configured via higher layer signaling (e.g., via dedicated RRC).  Given that the aggregated BW operations may not be supported by all networks, considering backward compatibility for these Rel-14 feMTC UEs in Rel-13 networks, the mode switching between operations with different BWs, e.g. 1.4MHz, 5MHz and 20MHz, should be enabled via higher layer (dedicated RRC) signaling. The other reason is to avoid unnecessary restrictions to DCI enhancements to maintain the same DCI size as in Rel-13, especially when considering the impact on DCI from the different features to be introduced in Rel-14 for higher data rate support. Thus, while some of the individual features may be supported without changes in the DCI size relative to Rel-13, it is unlikely that the same would be possible when considering the overall impact from the need to support a set of these features without restricting the scheduling and signaling flexibility.
Furthermore, a fast release mechanism via DCI, similar to SPS release indication, can be considered if it can provide additional UE power consumption reduction by allowing a quick switching back to narrowband mode of operation. 
Proposal 2
· The switching between operations with different BWs is semi-statically configured via higher layer signaling (e.g., via dedicated RRC signaling). 
· Fast release mechanisms from larger max channel BW to 1.4MHz max channel BW can be considered in view of reducing UE power consumption.

4 Scheduling and resource allocation for larger max channel BW
In this section, we discuss the resource allocation design for UEs with larger max channel BW of 5MHz or 20MHz. To minimize the specification and implementation efforts, it is desirable to have a common DCI design and resource allocation mechanism for max channel BW of 5MHz and of 20MHz. 

To facilitate the discussion on scheduling and resource allocation, we first 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 of 5MHz/20MHz. 

Recall that Rel-13 eMTC resource allocation uses a hierarchical method, where the allocated NB is first indicated, and then the PRB allocation within the NB is indicated. Similarly, a hierarchical resource allocation method can be used with the introduction of ENB concept for feMTC:

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

· Last, the PRB allocation within the NB(s) can be indicated. 

For central PRB that does not belong to any NB in odd system BW, implicit indication can be adopted. The implicit indication can be based on the following predefined behavior, at least for PUSCH allocation: if the NBs flanking the central PRB on both sides are allocated to the UE, the central PRB is also allocated to the UE. For PDSCH allocation, the central PRB may be left unassigned.

The above ENB-based resource allocation method can be applied to both CE mode A PDSCH/PUSCH and CE mode B PDSCH, for UEs with larger max channel BW of 5MHz and of 20MHz. For PUSCH in CE mode B, the larger max channel BW is not supported, and thus the resource allocation follows Rel-13 eMTC, i.e. NB-based rather than ENB-based resource allocation.
As the resource allocation method follows Rel-13 eMTC, it is natural to use DCI formats 6-1A/1B and 6-0A/0B as the starting point. Moreover, DCI design based on DCI formats 6-1A/1B and 6-0A/0B helps reduce the specification efforts by maximizing the direct re-use of Rel-13 eMTC DCI design principles and achieve similar designs across different operation modes for CE.
Proposal 3
· Considering the specification and implementation efforts, a common DCI design and resource allocation mechanism for max channel BW of 5MHz and of 20MHz is preferred.
Proposal 4
· Consider ENB-based resource allocation, which is common for max channel BW of 5MHz and of 20MHz, for both CE mode A PUSCH/PDSCH and CE mode B PDSCH.

· For UL, the central PRB is allocated implicitly if NBs on at least one side of the central PRB are allocated.
Proposal 5
· DCI design for higher bandwidth support should consider DCI formats 6-1A/1B and 6-0A/0B as the starting point. 
5 Detailed DCI design
In this section, we provide detailed DCI designs for the support of larger max channel BW. As discussed in the above section, we use DCI formats 6-1A/1B and 6-0A/0B as the design baseline. 

For CE mode A, the ENB-based resource allocation is given as follows:
· Similar to DCI formats 6-1A for DL assignment and 6-0A for UL grant where the ceil(log2(NNBXL)) most significant bits (MSBs) are used for NB indication with XL = DL and UL for DCI 6-1A and 6-0A respectively and NNBXL denoting the number of NBs, the ENB index can be indicated by ceil(log2(NENBXL)) MSBs of the resource block assignment field, where NENBXL is the total number of ENBs in the system for XL = DL or UL.

· Further, the allocated frequency domain resources within an ENB are with the granularity of NBs, where the allocation can be indicated via a bitmap, or via the starting NB index and the number of NBs to be allocated. 

· With the bitmap indication, the next (NNBXL-ENB) MSBs of the resource block assignment field can be used, where NNBXL-ENB denotes the number of NBs within an ENB. This method is more flexible, at the cost of larger overhead.
· With the indication via starting NB index and number of NBs to be allocated, the next ceil(log2((NNBXL-ENB +1)/2*NNBXL-ENB))) MBSs of the resource block assignment field can be used. This method requires less overhead compared to bitmap indication, but restricts the resource allocation to be continuous NBs. 

· Lastly, the PRB allocation within the NB can be indicated via the last 5 bits of the resource block assignment field, similar to DCI formats 6-0A and 6-1A. The same allocation of PRBs in each NB within the ENB can be assumed for PDSCH transmission. On the other hand, to avoid the violation of the single-carrier property for SC-FDMA based transmissions for PUSCH, the 5-bit PRB allocation is only applied for the last NB of the ENB for PUSCH transmission and all the PRBs in preceding NBs within the ENB are all allocated. 

With the above resource allocation method, the number of bits in resource block assignment field for CE mode A with max channel BW of 5MHz is ceil(log2(NENBXL)) +4+5, e.g. 2+4+5 bits for 20MHz system BW, for both bitmap indication and continuous NB indication. 
For CE mode A with max channel BW of 20MHz, the number of bits in resource block assignment field is NNBXL +5, e.g. 16+5 bits for 20MHz system BW, for bitmap indication, and ceil(log2((NNBXL +1)/2*NNBXL))), e.g. 8+5 bits for 20MHz system BW, for continuous NB indication.
For the resource allocation of CE mode B UEs supporting PDSCH transmission over larger max channel BW, the ENB and NB allocation can be the same as the CE mode A UEs. For the PRB allocation within a NB, the PRB allocation in DCI-format 6-1B can be reused, i.e., 1 bit is used to indicate the PRB set {0, 1, ... 5} or {0, 1, 2, 3}. The same allocation of PRBs in each NB within the ENB can be assumed. 

With the above resource allocation method, the number of bits in resource block assignment field for CE mode B with max channel BW of 5MHz is ceil(log2(NENBDL)) +4+1, e.g. 2+4+1 bits for 20MHz system BW.
From the above discussion, we can observe that the DCI sizes for operations with different BWs are expected to be different. With RRC configuration for switching between different operation BWs as proposed in Section 3 of this paper, the number of blind decoding attempts will not be impacted. 
Proposal 6
· To support the larger maximum UE channel BW for PDSCH and PUSCH transmissions of CE mode A UEs, consider the following ENB-based resource allocation method:

· With the ENB definition, adopt a hierarchical resource allocation indication method, with ceil(log2(NENBXL)) MSBs of the resource block assignment field indicating ENB index, the next (NNBXL-ENB) MSB for bitmap based NB indication or ceil(log2((NNBXL-ENB +1)/2*NNBXL-ENB))) MSBs for continuous NB allocation within ENB, and the last 5 bits indicating PRB allocation within NB.
· To support the larger maximum UE channel BW of CEMode B UEs, the following resource allocation methods with the introduction of ENB concept can be considered for PDSCH transmission:

· With the ENB definition, adopt a hierarchical resource allocation indication method, with ceil(log2(NENBXL)) MSBs of existing resource block assignment field indicating ENB index, the next (NNBXL-ENB) MSB for bitmap based NB indication or ceil(log2((NNBXL-ENB +1)/2*NNBXL-ENB))) MSBs for continuous NB allocation within ENB, and the last 1 bit indicating PRB allocation within NB.
Observation 1
Given different DCI sizes, switching between operations with different BWs, e.g. 1.4MHz, 5MHz and 20MHz, for non-BL UEs can be realized via RRC configuration without increasing UE blind decoding efforts. 
6 Conclusion

In this contribution, we discuss the support of the larger max channel BW for feMTC, and make the following proposals and observation:

Proposal 1
· RAN1 to reconsider the max PUSCH bandwidth for Rel-14 non-BL UEs in CE  mode A
· It is recommended that the max PUSCH BW for Rel-14 non-BL UEs in CE mode A is 5MHz.
Proposal 2
· The switching between operations with different BWs is semi-statically configured via higher layer signaling (e.g., via dedicated RRC signaling). 
· Fast release mechanisms from larger max channel BW to 1.4MHz max channel BW can be considered in view of reducing UE power consumption.

Proposal 3
· Considering the specification and implementation efforts, a common DCI design and resource allocation mechanism for max channel BW of 5MHz and of 20MHz is preferred.
Proposal 4
· Consider ENB-based resource allocation, which is common for max channel BW of 5MHz and of 20MHz, for both CE mode A PUSCH/PDSCH and CE mode B PDSCH.

· For UL, the central PRB is allocated implicitly if NBs on at least one side of the central PRB are allocated.
Proposal 5
· DCI design for higher bandwidth support should consider DCI formats 6-1A/1B and 6-0A/0B as the starting point.
Proposal 6
· To support the larger maximum UE channel BW for PDSCH and PUSCH transmissions of CE mode A UEs, consider the following ENB-based resource allocation method:

· With the ENB definition, adopt a hierarchical resource allocation indication method, with ceil(log2(NENBXL)) MSBs of the resource block assignment field indicating ENB index, the next (NNBXL-ENB) MSB for bitmap based NB indication or ceil(log2((NNBXL-ENB +1)/2*NNBXL-ENB))) MSBs for continuous NB allocation within ENB, and the last 5 bits indicating PRB allocation within NB.

· To support the larger maximum UE channel BW of CEMode B UEs, the following resource allocation methods with the introduction of ENB concept can be considered for PDSCH transmission:

· With the ENB definition, adopt a hierarchical resource allocation indication method, with ceil(log2(NENBXL)) MSBs of existing resource block assignment field indicating ENB index, the next (NNBXL-ENB) MSB for bitmap based NB indication or ceil(log2((NNBXL-ENB +1)/2*NNBXL-ENB))) MSBs for continuous NB allocation within ENB, and the last 1 bit indicating PRB allocation within NB.
Observation 1
Given different DCI sizes, switching between operations with different BWs, e.g. 1.4MHz, 5MHz and 20MHz, for non-BL UEs can be realized via RRC configuration without increasing UE blind decoding efforts. 
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