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1. Introduction
Some agreements were reached in RAN1 #81 regarding the definition of a Narrowband for Rel. 13 MTC [1]:
· A narrowband is defined as a set of contiguous PRBs
· At least for TDD, the same set of narrowbands are specified for both DL and UL
· NOTE: This avoids additional retuning in TDD
· Narrowbands are non-overlapping
· FFS: Some PRBs may not be included in any narrowband
· FFS the location of these PRB(s) (e.g., edge(s), near the center, …)
· The PSS/SSS/PBCH may be in one or more narrowbands. PSS/SSS/PBCH is independent of any narrowbands
· In case a UE needs to monitor PSS/SSS/PBCH of a cell, it can be retuned to the center 72 subcarriers (excluding system DC)
· FFS how the narrowbands are defined across the system BW
· FFS if an offset is allowed for aligning UL narrowbands with legacy PUCCH and/or PRACH

This contribution considers the location of the Rel. 13 MTC downlink Narrowbands within the system bandwidth.
2. Narrowband Location Considerations
We list several considerations for defining the Narrowband locations, and the location of the extra PRBs that do not fit in the 6 PRB Narrowbands.
1. Location of DC Bin within the Narrowband: 
From an implementation complexity perspective, it is desirable to minimize the number of valid locations for the extra empty DC bin on the downlink. Two cases require support at a minimum: Narrowband without the downlink DC bin and a Narrowband with this extra DC bin at the center (for PBCH/PSS/SSS). Additional cases may need to be supported – depending on the Narrowband locations. For example, if the Narrowbands are numbered contiguously from the left side of the spectrum, the following additional locations of the DC bin need to be supported (Narrowband PRBs are numbered left to right from 1 through 6):
· 5 MHz System BW: At the middle of PRB #1
· 10 MHz System BW: Between PRB #1 and PRB #2
· 15 MHz System BW: At the middle of PRB #2
· 20 MHz System BW: Between PRB #2 and PRB #3
Therefore depending on the Narrowband locations, a number of possible DC bin locations may need to be handled at the receiver, thus increasing complexity.


2. Symmetry relative to the full system bandwidth carrier frequency: 
Arranging the Narrowbands symmetrically about the central bin of the system bandwidth allows some simplification in the implementation of the phase compensation needed to process Rel. 13 MTC signals at the receiver; the phase offsets are created due to the difference between MTC UE carrier frequency and the eNodeB carrier frequency with respect to the full system BW [2]. In the case of a symmetric Narrowband mapping the phase compensation between each pair of symmetric Narrowbands are related by a simple complex conjugation.
3. Fragmentation: 
It would be desirable to contiguously group the remaining PRBs that are left over after forming the 6-PRB Narrowbands in order to more efficiently use them for legacy LTE UEs. Using these PRBs for Rel. 13 MTC UEs in some way is also still being considered (an agreement from RAN1 #81 states: FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs).
4. Overlap with PBCH/PSS/SSS: 
It is desirable to minimize the overlap of the Narrowbands with the PBCH/PSS/SSS transmissions since this reduces the capacity of the Narrowband.


Based on the above considerations we recommend concentrating the extra PRBs not included in the Narrowbands symmetrically around the full system bandwidth center frequency. These are the light blue PRBs shown below. 

Figure 1: Recommended definition for the location of the 6-PRB Narrowbands, and the location of the extra PRBs – which are concentrated symmetrically at the center of the system bandwidth (blue colored PRBs).

Summarizing the discussion above, this mapping has the following advantages
1. None of the Narrowbands include the DC bin – simplifying the RE extraction implementation in the UE.
2. The Narrowbands are arranged symmetrically, reducing the number of cases to handle for phase compensation.
3. Extra PRBs are grouped together, enabling more efficient usage for legacy (or MTC) UEs.
4. The overlap with the PBCH/PSS/SSS is minimized when possible.

Proposal: Define the downlink Release 13 MTC Narrowband locations symmetrically about the full system bandwidth center frequency; concentrate the extra PRBs not included in the 6-PRB Narrowbands at the center of the system bandwidth, also arranged symmetrically about the center frequency.
3. Conclusion
In this contribution we considered the locations of the Narrowbands for the Release 13 MTC UE. Based on the analysis here we have proposed:
Proposal: Define the downlink Release 13 MTC Narrowband locations symmetrically about the full system bandwidth center frequency; concentrate the extra PRBs not included in the 6-PRB Narrowbands at the center of the system bandwidth, also arranged symmetrically about the center frequency.
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