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1 Introduction

In RAN1 #86bis, larger maximum UE channel BW for PDSCH is supported for both CE mode A and CE mode B, and larger maximum UE channel BW for PUSCH is only supported for CE mode A [1]. Additionally, 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, as well as Rel-13 CE mode A and B, i.e. in 1.4 MHz [1].
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.

· FFS whether to support frequency hopping for PDSCH/PUSCH channel bandwidths >5 MHz
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, DCI design on supporting wider bandwidth in FeMTC is provided.

2 New DCI format or Reusing Rel-13 DCI format

In RAN1 #86bis meeting, it was agreed that “FeMTC UEs use Rel-13 DCI formats for MPDCCH Type-0/1/2 CSS transmissions”, which means DCI format 6-0A/6-0B/6-1A/6-1B/6-2 and 3/3A should be supported for FeMTC UEs.
For the USS transmission of FeMTC UEs, there are three main options for DCI formats. One is to introduce new DCI formats, within which there are sub-options of whether they are the same size as Rel-13 formats, or can be different size, and another is to reuse Rel-13 format 6-x DCI formats, with necessary re-interpretation of the contents.

If new DCI formats are defined for Rel-14 FeMTC UEs, we should consider the DCI size. If the payload size of new DCI formats is the same as that of Rel-13 DCI formats, the number of MPDCCH blind detection would not be increased. However, the differentiation between Rel-13 DCI formats and Rel-14 DCI formats is very difficult since FeMTC UEs in RRC connected mode may still need to monitor Rel-13 DCI formats for MPDCCH Type-0/2 CSS. 

If the payload size of new DCI formats is not the same as that of Rel-13 DCI formats, in view of FeMTC UEs in RRC connected mode may still need to monitor Rel-13 DCI formats for MPDCCH Type-0/2 CSS, the number of MPDCCH blind detection would be increased due to UE may monitor two kinds of DCI payload sizes. However, the number of MPDCCH blind detection can be not increased if the number of available candidates in the search space is reduced to half, but this obviously reduces the flexibility of MPDCCH scheduling. Alternatively, the specification can make some restriction on the monitoring of CSS and USS. For example, Rel-14 FeMTC UE cannot simultaneously monitor CSS and USS. Similarly, this will lead to significant restriction on the monitoring instances of CSS and USS.
If Rel-14 USS can reuse the Rel-13 DCI formats, the main benefits are to reuse the search space design and less standardization work on the DCI design. The main challenge is how to support and differentiate new Rel-14 features. If there is no significant issue on reusing Rel-13 DCI formats for supporting USS of FeMTC UEs, reusing Rel-13 DCI formats to support Rel-14 features can be regarded as the baseline.
Observation 1: If there is no significant issue on reusing Rel-13 DCI formats for supporting USS of FeMTC UEs, it is better for UE complexity, power consumption, and eNB scheduling flexibility to use Rel-13 DCI formats to support Rel-14 features.
3 The indication of Rel-14 features
For the Rel-13 DCI formats 6-0A/6-1A, resource allocation type 0 is used for PUSCH, and resource allocation type 2 is used for PDSCH. Actually, some RIV values cannot be used for the resource allocation of eMTC UEs. For example, as shown in the figure below, the resource allocation is limited within 6PRBs for eMTC UEs, so the range of RIV would be 0~20.
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Figure 1: RIV of eMTC
For eMTC UEs, 5 bits providing the resource allocation within the indicated narrowband, so the bit state of resource allocation field cannot be “11xxx”. As a result, we can use the bit state of two MSB of resource allocation to indicate the DCI supports Rel-13 features or support Rel-14 new featuresThere is no any impact on the usage of Rel-13 DCI formats for eMTC UEs. The following table give an illustration to use Rel-13 DCI formats supporting Rel-14 features.
Table 1: Illustration to indicate Rel-14 features based on resource allocation RIV of Rel-13 DCI formats

	DCI bits
	RIV
	DCI bits
	RIV

	00000
	0
	10000
	16

	00001
	1
	10001
	17

	00010
	2
	10010
	18

	00011
	3
	10011
	19

	00100
	4
	10100
	20

	00101
	5
	10101
	N/A

	00110
	6
	10110
	

	00111
	7
	10111
	

	01000
	8
	11000
	Rel-14 features

	01001
	9
	11001
	

	01010
	10
	11010
	

	01011
	11
	11011
	

	01100
	12
	11100
	

	01101
	13
	11101
	

	01110
	14
	11110
	

	01111
	15
	11111
	


4 Resource allocation for maximum 5 MHz or 20 MHz channel bandwidth
Rel-14 non-BL UEs can support either 5 MHz maximum channel bandwidth or 20 MHz maximum channel bandwidth. In the latter case, RRC signaling can configure 5 MHz channel bandwidth or 20 MHz channel bandwidth. The UE may also indicate support for Rel-13 CE mode A, i.e. 1.4 MHz operation.
For Rel-14 BL UEs, as analyzed in our companion contribution [2], 5 MHz maximum channel bandwidth can be dynamically-enabled by DCI. 
4.1 Resource allocation for maximum 5 MHz channel bandwidth

If 5 MHz channel bandwidth is applied, the resource allocation for FeMTC UEs can be similar as that for eMTC UEs. The eNB can firstly indicate the starting narrowband index in the same way as Rel-13, and then indicates the number of allocated narrowbands, as shown in the table below. This resource allocation has a granularity of 3 RBs, which achieves a good tradeoff between minimizing the number of DCI bits needed, and trying to avoid the eNB needing to over-allocate resources to a UE.
Table 2: Resource allocation for maximum 5MHz channel bandwidth

	Field state
	Number of NBs
	Number of RBs

	11000
	1
	6 

	11001
	1.5
	9 

	11010
	2
	12 

	11011
	2.5
	15 

	11100
	3
	18 

	11101
	3.5
	21 

	11110
	4
	24 

	11111
	4
	25 


4.2 Resource allocation for maximum 20 MHz channel bandwidth

If maximum 20 MHz channel bandwidth is applied in CE Mode A, the resource allocation for FeMTC UEs can also be the similar as that for eMTC UEs. The eNB firstly indicates the starting narrowband index, and then indicates the number of allocated narrowbands. However, if the selected resource allocation is less than 25 PRBs, the eNB can indicate FeMTC UE using 5 MHz channel bandwidth. As a result, the resource allocation for 20 MHz channel bandwidth can start from 5 narrowbands. The following table indicates the resource allocation from 5 narrowbands to 16 narrowbands. The 4 bit field consists of three least-significant bits from resource assignment within one narrowband and the one bit frequency hopping flag. Frequency hopping is not needed once the allocated bandwidth is sufficiently large to extract the available frequency diversity.
Table 3: Resource allocation for maximum 20MHz channel bandwidth
	Field State
	Number of NBs
	Number of RBs
	FH

	0000
	5
	30
	On

	0001
	5
	30
	Off

	0010
	6
	36
	On

	0011
	6
	36
	Off

	0100
	7
	42
	On

	0101
	7
	42
	Off

	0110
	8
	48
	On

	0111
	8
	48
	Off

	1000
	9
	54
	

	1001
	10
	60
	

	1010
	11
	66
	

	1011
	12
	72
	

	1100
	13
	78
	

	1101
	14
	84
	

	1110
	15
	90
	

	1111
	16
	96
	


From table 2 and table 3, it is feasible to reuse Rel-13 DCI formats supporting larger channel bandwidth at least in CEMode A. Therefore, we propose to use Rel-13 DCI formats supporting larger channel bandwidth for FeMTC UEs.

Proposal 1: Use Rel-13 DCI formats with appropriate interpretations of the existing fields to support larger channel bandwidth for FeMTC UEs.
5 Conclusion
In this contribution, DCI design on supporting wider bandwidth in FeMTC is provided, and the following observation and proposals are given:

Observation 1: If there is no significant issue on reusing Rel-13 DCI formats for supporting USS of FeMTC UEs, it is better for UE complexity, power consumption, and eNB scheduling flexibility to use Rel-13 DCI formats to support Rel-14 features.

Proposal 1: Use Rel-13 DCI formats with appropriate interpretations of the existing fields to support larger channel bandwidth for FeMTC UEs.
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