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1 Introduction
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 agreements made so far within this WI are summarized in [2]. In this contribution we discuss further aspects of the larger max channel bandwidth.
2 Discussion
2.1 Configuration aspects

RAN1 has agreed that the larger maximum PDSCH channel bandwidth is supported for both CE mode A and B whereas the larger maximum PUSCH channel bandwidth is only supported for CE mode A.

RAN1 has furthermore agreed that the larger bandwidth operation is enabled by eNB but it is not yet agreed whether it is enabled by RRC reconfiguration or in some other way.

RAN1 has also agreed that a Rel-14 non-BL UE (i.e. a higher-category UE) can support CE mode A with a maximum channel bandwidth of either 5 or 20 MHz. UE capability signaling will be introduced to differentiate non-BL UEs with respect to their maximum channel bandwidth in CE mode operation, and a UE supporting CE mode operation with 20 MHz maximum channel bandwidth also supports CE mode operation with 5 MHz maximum channel bandwidth.
In the light of the mentioned agreements, we have the following proposals:

Proposal 1 The maximum PDSCH channel bandwidth for CE mode A and B is configurable by an RRC parameter with the range {1.4, 5, 20} MHz and the default value 1.4 MHz.

Proposal 2 The maximum PUSCH channel bandwidth for CE mode A is configurable by an RRC parameter with the range {1.4, 5, 20} MHz and the default value 1.4 MHz.

2.2 Maximum allocatable bandwidth

RAN1 has agreed that for a 5-MHz BL UE, the maximum transmission/reception bandwidth is 25 PRBs, whereas it is FFS whether the maximum allocatable PDSCH/PUSCH channel bandwidth is 24 or 25 PRBs. The decision on whether the maximum allocatable channel bandwidth should be 24 or 25 PRBs is probably best made in connection to the decisions on resource allocation and DCI definition [3].

Observation 1 The decision on whether the maximum allocatable bandwidth for the 5-MHz BL UE should be 24 or 25 PRBs can be made in connection to the decisions on resource allocation and DCI definition.

As mentioned above, non-BL UEs will be able to support a maximum channel bandwidth of 5 or 20 MHz in CE mode. RAN1 has agreed to strive for commonality in the DCI design for the 5-MHz and 20-MHz cases without introducing unnecessary overhead for the 5-MHz case. Furthermore, in order to maximize reuse in implementation and testing, the 5-MHz case should be as similar as possible to the 5-MHz BL UE case.

Proposal 3 Strive for commonality between 5-MHz maximum channel bandwidth configuration for 5-MHz BL UE and non-BL UE.

Observation 2 The decision on the maximum allocatable bandwidth for the 20-MHz maximum channel bandwidth configuration for non-BL UE can be made in connection to the decisions on resource allocation and DCI definition.

2.3 Location of 5-MHz window
RAN1 has agreed to introduce a BL UE with a maximum PDSCH/PUSCH channel bandwidth of 5 MHz in connected mode. Idle mode operations and control channels will reuse the Rel-13 designs and hence be restricted to the 6-PRB narrowbands defined for Rel-13 BL/CE UEs.
The new larger maximum channel bandwidth raises the question whether there is a need to revisit the Rel-13 narrowband definition and perhaps consider introducing a ‘wideband’ definition. To our understanding the current narrowband definition still makes sense when it comes to idle mode operations and also when it comes to MPDCCH handling in connected mode.

Observation 3 For MPDCCH handling, the Rel-13 narrowband definition is still adequate.

It is clear that the PDSCH/PUSCH resource allocation and related DCI definitions will need to be revisited [3]. It may be desired that the resource allocation granularity achieves some level of compatibility with the Rel-13 narrowbands or the LTE resource block groups (RBGs) in order to facilitate scheduling of multiple users. However, it is not clear that those discussions are helped by a new narrowband/wideband definition.

Observation 4 For PDSCH/PUSCH resource allocation and related DCI definitions, there is no need for a narrowband/wideband definition.

However, there are some other aspects related to the location of the 5-MHz transmission/reception window of a 5-MHz BL UE within a larger LTE system bandwidth that should be considered. Beyond the increased throughput and coverage thanks to the increased PDSCH/PUSCH channel bandwidth, a 5-MHz BL UE could be able to do some things beyond what a 1.4-MHz BL UE can do.
As opposed to a 1.4-MHz BL UE, a 5-MHz BL UE should be able to monitor its MPDCCH narrowband for MPDCCH transmissions while simultaneously being scheduled with PDSCH in another narrowband if the two fall within a frequency region spanning no more than 5 MHz. This would simplify the scheduling of multiple UEs and increase the likelihood of being able to schedule PDSCH continuously to the UE.
Proposal 4 At least in FDD, the MPDCCH narrowband and a scheduled PDSCH transmission to a 5-MHz BL UE fall within a PRB region of max 25 contiguous PRBs, the UE shall continue to monitor the MPDCCH narrowband while receiving the PDSCH transmission.

Furthermore, as opposed to a 1.4-MHz BL UE, a 5-MHz BL UE may be able to monitor the PSS/SSS/PBCH region in the central 72 subcarriers of the LTE system bandwidth while simultaneously monitoring its MPDCCH narrowband if the narrowband is one of the 6 center-most narrowbands. This could help reduce the need for intra-frequency measurement gaps which could for example facilitate efficient and robust mobility support for voice and video services [4].
Proposal 5 At least in FDD, the MPDCCH narrowband is one of the 6 center-most narrowbands, the 5-MHz BL UE can simultaneously monitor its MPDCCH narrowband and the PSS/SSS/PBCH region without intra-frequency measurement gaps.

The TDD case may require some further consideration since in TDD the most important aspect to consider may be that transmission and reception is able to fall within the same 5-MHz window without retuning.
2.4 Frequency hopping

RAN1 has agreed that MPDCCH follows Rel-13 design which means that frequency hopping is at least supported for MPDCCH. Frequency hopping for PDSCH and PUSCH in CE mode should also be supported in order to provide frequency diversity and facilitate scheduling of multiple UEs. RAN1 has so far only agreed that support of frequency hopping in CE mode for PDSCH/PUSCH channel bandwidths larger than 5 MHz is FFS.

Proposal 6 PDSCH/PUSCH frequency hopping in CE mode is supported (for all supported channel bandwidths).

In order to facilitate multiplexing with Rel-13 BL/CE UEs, the Rel-13 frequency hopping scheme should be used as a basis. However, since the PDSCH/PUSCH channel bandwidth will now sometimes not fall within a single 6-PRB narrowband, something needs to be specified in order to avoid that the channel bandwidth falls outside the LTE system bandwidth. One possibility is to simply disable the hopping for those combinations of frequency hopping configurations and resource allocations that would result in a channel hopping outside the system bandwidth.
Proposal 7 PDSCH/PUSCH frequency hopping follows the same RRC parameters for frequency hopping as Rel-13 BL/CE UEs.
Proposal 8 If a combination of frequency hopping configuration and PDSCH/PUSCH resource allocation would result in (part of) the channel bandwidth falling outside the LTE system bandwidth, frequency hopping is (automatically, dynamically) disabled for this combination.

2.5 Other aspects
The WID only talks about larger PDSCH/PUSCH channel bandwidth, not larger CSI/SRS bandwidth. Note that for Rel-13 BL/CE UEs, the CSI measurements are tied to the MPDCCH narrowbands rather than the PDSCH narrowbands.

Proposal 9 CSI is handled in the same way for the 5-MHz BL UE as for Rel-13 BL/CE UE.

Proposal 10 SRS is handled in the same way for the 5-MHz BL UE as for Rel-13 BL/CE UE.
A Rel-13 BL/CE UE can create a guard period of 2 symbols when retuning between two narrowbands. RAN1 has agreed that a Rel-14 UE that supports CE mode A or B can indicate whether it needs a guard period of 0, 1 or 2 symbols for narrowband retuning [2]. The details of the 1-symbol guard period creation were left FFS.

Proposal 11 If the UE indicates it needs 1 symbol for retuning, then when retuning at the border between a first subframe carrying PUSCH or PUCCH and a second subframe carrying PUSCH or PUCCH, the guard period is in the first SC-FDMA symbol in the second subframe if the UE is retuning from PUCCH to PUSCH and in the last SC-FDMA symbol in the first subframe in all other cases.
3 Conclusion

We make the following observations.
Observation 1
The decision on whether the maximum allocatable bandwidth for the 5-MHz BL UE should be 24 or 25 PRBs can be made in connection to the decisions on resource allocation and DCI definition.
Observation 2
The decision on the maximum allocatable bandwidth for the 20-MHz maximum channel bandwidth configuration for non-BL UE can be made in connection to the decisions on resource allocation and DCI definition.
Observation 3
For MPDCCH handling, the Rel-13 narrowband definition is still adequate.
Observation 4
For PDSCH/PUSCH resource allocation and related DCI definitions, there is no need for a narrowband/wideband definition.


We have the following proposals.
Proposal 1
The maximum PDSCH channel bandwidth for CE mode A and B is configurable by an RRC parameter with the range {1.4, 5, 20} MHz and the default value 1.4 MHz.
Proposal 2
The maximum PUSCH channel bandwidth for CE mode A is configurable by an RRC parameter with the range {1.4, 5, 20} MHz and the default value 1.4 MHz.
Proposal 3
Strive for commonality between 5-MHz maximum channel bandwidth configuration for 5-MHz BL UE and non-BL UE.
Proposal 4
At least in FDD, the MPDCCH narrowband and a scheduled PDSCH transmission to a 5-MHz BL UE fall within a PRB region of max 25 contiguous PRBs, the UE shall continue to monitor the MPDCCH narrowband while receiving the PDSCH transmission.
Proposal 5
At least in FDD, the MPDCCH narrowband is one of the 6 center-most narrowbands, the 5-MHz BL UE can simultaneously monitor its MPDCCH narrowband and the PSS/SSS/PBCH region without intra-frequency measurement gaps.
Proposal 6
PDSCH/PUSCH frequency hopping in CE mode is supported (for all supported channel bandwidths).
Proposal 7
PDSCH/PUSCH frequency hopping follows the same RRC parameters for frequency hopping as Rel-13 BL/CE UEs.
Proposal 8
If a combination of frequency hopping configuration and PDSCH/PUSCH resource allocation would result in (part of) the channel bandwidth falling outside the LTE system bandwidth, frequency hopping is (automatically, dynamically) disabled for this combination.
Proposal 9
CSI is handled in the same way for the 5-MHz BL UE as for Rel-13 BL/CE UE.
Proposal 10
SRS is handled in the same way for the 5-MHz BL UE as for Rel-13 BL/CE UE.
Proposal 11
If the UE indicates it needs 1 symbol for retuning, then when retuning at the border between a first subframe carrying PUSCH or PUCCH and a second subframe carrying PUSCH or PUCCH, the guard period is in the first SC-FDMA symbol in the second subframe if the UE is retuning from PUCCH to PUSCH and in the last SC-FDMA symbol in the first subframe in all other cases.
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