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1 Introduction

In RAN1 #80bis meeting, the following agreements were concluded [1]:
Agreements:
· A set of DL and UL narrow-band(s) are known to UE
· Definition of narrow-band(s) is specified in the spec
· FFS details of a definition of narrow-band(s)

· FFS on how to UE knows available narrow-band(s) for MTC UEs
· One narrow-band size is 6PRB
· FFS on other narrow-band size(s)
· PRBs in a narrow-band are aligned with legacy PRB mapping
· Frequency hopping over the system bandwidth is not used for at least
· PSS/SSS
· PBCH
· At least in CE, frequency hopping over the system bandwidth can be used for common message for Rel-13 MTC UEs (RAR, paging, MTC SIB(s), FFS on response for message 3)
· Hopping pattern between narrow-bands is supported
· FFS on details of hopping pattern
In this contribution, the details of defining of narrowband are discussed, and solutions for UE to determine narrowband are presented.

2 Principles of defining narrowbands 

The frequency location corresponding to a particular narrowband index within system bandwidth may not be the same for different narrowband definitions.
The figure below illustrates three different narrowband definitions. As shown in the figure, the frequency locations corresponding to two narrowbands are different in different narrowband definitions. In figure 1(a), the narrowbands are defined (with PRB alignment) arbitrarily across the system bandwidth. In figure 1(b), they are defined from the center out toward the edge(s) of the system bandwidth. In figure 1(c), they are defined inward from alternating edges of the system bandwidth.
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Figure 1: Illustration of different narrowband definitions
The narrowband definition should facilitate to meet the following principles:

· To keep consecutive number of RBs for legacy UEs as large as possible
Figure 2 below shows the principle of keeping consecutive RBs for legacy UEs as large as possible. Based on this principle, the limitation on applying resource allocation type 2 could be alleviated. Moreover, to keep available resource for legacy UEs similar to a carrier with reduced bandwidth may also be beneficial for resource allocation type 0 and type 1, which would also alleviate eNB’s scheduling complexity.
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Figure 2: Illustration of keeping RB consecutive for legacy UEs as large as possible
· Under a specific number of narrowbands, to keep maximum frequency space between different narrowbands
Figure 3 below illustrates to maximize the frequency space between narrowband 1 and narrowband 2. In view of frequency hopping is supported for MTC UEs, maximum frequency space between hopping narrowbands can obtain more frequency diversity gain
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Figure 3: Illustration of wide frequency spacing between narrowband 1 and narrowband 2
· To indicate a specific narrowband location for an MTC UE, the signalling overhead should be low
For example, to provide flexible narrowband indication within full bandwidth, one simple method is to indicate the starting PRB of one narrowband. However, the signalling overhead is very large due to the indication is based on PRB level. If the indication of narrowband is based on narrowband level, the signalling overhead can be reduced to some extent.
Proposal 1: The narrowband definition should meet the principles:
· To keep consecutive RBs number for legacy UEs as large as possible

· To indicate a specific narrowband location for an MTC UE, the signalling overhead should be low
· Under a specific number of narrowbands, to keep maximum frequency spacing between different narrowbands
3 Overlap or non-overlap

As shown in the figure below, to allow overlapping between different narrowbands could make each narrowband of 6PRB size. But only one narrowband between two overlapped narrowbands can simultaneously use all 6PRBs. For non-overlapped narrowbands, there may have a narrowband of less than 6PRBs. However, there is no essential difference from resource utilization point of view.
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Figure 4: Illustration of overlapped and non-overlapped narrowbands
If narrowbands can be overlapped, the resource allocation and ECCE multiplexing should be considered across overlapped narrowbands, which would increase eNB’s scheduling complexity. From simplicity point of view, non-overlapped narrowband is preferred.
Proposal 2: Non-overlapped narrowband is preferred.
4 Preferred narrowband definition

According to the analyses in section 2 and section 3, the narrowbands should be defined alternately from two extremes of the system bandwidth to guarantee the maximum frequency space and maximal consecutive RBs for legacy UEs, which is shown in the figure below. Non-overlapped narrowbands are assumed for the preferred narrowband definition. Based on this narrowband definition, the signalling overhead of narrowband indication may be reduced compared to the method of indicating the narrowband location across whole system bandwidth. Considering PSS/SSS and PBCH are transmitted within the carrier centre, the central 72 sub-carriers can be regarded as a default narrowband (or narrowband 0).
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Figure 5: An example of preferred narrowband definition
Proposal 3: The narrowbands should be defined alternately from two extremes of the system bandwidth to guarantee the maximum frequency space and maximal consecutive RBs for legacy UEs.
5 Selection of Narrowband 

5.1 Selecting DL narrowband
5.1.1 Selecting narrowband of M-PDCCH

Before RRC connection is established, the eNB cannot indicate narrowband configuration via dedicated RRC signalling. 

If M-PDCCH is used for paging transmission, the narrowband of M-PDCCH can be determined by paging UE ID. If M-PDCCH is used for RAR transmission, the narrowband of M-PDCCH can be determined by PRACH resource. Otherwise, all the M-PDCCHs scheduling paging or RAR at the same repetition level have to locate one common narrowband, which may lead to resource shortage for M-PDCCH transmission.

If M-PDCCH is used for Msg4 transmission, the narrowband of M-PDCCH can be explicitly informed in RAR. Alternatively, the narrowband of M-PDCCH can be implicitly derived from PRACH resource or temporary C-RNTI. 

After RRC connection is established, the narrowband of M-PDCCH transmission can be informed by RRC dedicated signalling.
5.1.2 Selecting narrowband of PDSCH

If PDSCH for paging transmission based on control-less transmission, the narrowband of PDSCH can be determined by paging UE ID. If PDSCH for RAR transmission based on control-less transmission, the narrowband of PDSCH can be determined by PRACH resource. Otherwise, all the PDSCHs for paging or RAR at the same repetition level have to locate one common narrowband, which may lead to resource shortage for RAR/Paging transmission.
For other cases of PDSCH transmission, the narrowband of PDSCH can be indicated by DCI.
5.2 Selecting UL narrowband

As analyzed in our previous contribution [2], the narrowband of PUSCH transmission for Msg3 can be the same as that of PRACH transmission or can be derived from default TX-RX frequency separation. After RRC connection, the narrowband of PUSCH transmission can be derived from default TX-RX frequency separation.
6 Conclusions
In this contribution, the details of defining of narrowband are discussed, and solutions for UE to determine narrowband are presented. Moreover, the following proposals are given:

Proposal 1: The narrowband definition should facilitate to meet principles:
· To keep consecutive RBs for legacy UEs as large as possible

· To indicate a specific narrowband location for an MTC UE, the signalling overhead should be low
· Under a specific number of narrowbands, to keep maximum frequency space between different narrowbands
Proposal 2: Non-overlapped narrowband is preferred.

Proposal 3: The narrowbands should be defined alternately from two extremes of the system bandwidth to guarantee the maximum frequency space and maximal consecutive RBs for legacy UEs.
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