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1 Introduction
In RAN1#81 meeting, the following agreements were reached on narrow-band definition for Rel-13 MTC UEs.
Agreements:
· 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
Based on above agreements, we give our proposals on detailed narrowband definition for Rel-13 MTC UEs.
2 Discussion
For narrowband definition, the following aspects need to be considered:
· Alignment with center 72 subcarriers
· Alignment with RBGs
· Alignment with PRACH
· Alignment with PUCCH
Alignment with center 72 subcarriers
If a center narrowband which is fully overlapped with center 72 subcarriers (excluding system DC) is defined, UEs operating on the center narrowband can perform intra-frequency measurement simultaneously. In addition, in subframes where PSS, SSS and/or PBCH are transmitted, only center narrowband is impacted. 
However, for odd system bandwidth, the center narrowband consists of central 5 whole PRBs. Thus the number of PRBs of the center narrowband is different from other narrowbands. Consequently, frequency hopping between center narrowband and other narrowbands becomes complicated. In addition, M-PDCCH transmission within 5 PRBs would increase specification impact. In order to avoid introducing a 5 PRB narrowband, it is preferred not to define center narrowband which is fully overlapped with center 72 subcarriers at least for odd system bandwidth. For simplicity and commonality, it is also acceptable not to define a center narrowband which is fully overlapped with center 72 subcarriers for even system bandwidth.
Alignment with RBGs
Considering the impact from/to the RBG resource allocation, it is beneficial to align narrowbands with RBGs. The RBG sizes defined in 36.213 are as follows.
	System Bandwidth
	RBG Size

	
[image: image1.wmf]DL

RB

N


	(P)

	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	4


When the narrowbands are defined from the lowest frequency to the highest frequency, best alignment with RBGs is achieved while the number of narrowbands is the maximized.
Alignment with PRACH
According to the current PRACH configuration, when multiple PRACH resources are configured in the same subframe for TDD, the location of PRACH resources are symmetrically determined according to 
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 as shown in Figure 1. 
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Figure 1: Multiple PRACHs in the same subframe
The PRACH resources are semi-statically configured. It is desirable to align each PRACH with a narrowband to avoid PRACH overlaps with multiple narrowbands. Otherwise, the available PRBs for PUCCH/PUSCH within NBs in yellow shown in Figure 2 are different from other narrowbands.
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Figure 2: PRACH overlaps with multiple narrowbands
For FDD, multiple PRACH resources in the same subframe are expected to be supported. If independent PRB locations are introduced for multiple PRACH resources, narrowband alignment with PRACH resources needs not to be considered for FDD.
Alignment with PUCCH
Legacy PUCCHs are located at bandwidth edges. PUCCH for MTC may be also located at bandwidth edges. From uplink perspective, it is beneficial to allocate leftover PRBs which are not included in any narrowband at bandwidth edges. However, the leftover PRBs may be very limited, e.g. 1, 2 which may not be sufficient to cover PUCCH resource. In addition, it may not be desirable from downlink perspective.
Based on the above analysis, it is proposed to define 
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 PRBs are not included to any narrowband.
For TDD, it has been agreed that the same set of narrowbands are specified for both DL and UL to avoid additional retuning. Therefore, narrowband definition for TDD should take both DL and UL into account. We think it important to define symmetric narrowbands to align with PRACH. There are two options. One option is to allocate all the leftover PRBs at the center and the other option is to allocate the leftover 
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 PRB(s) at both edges and the rest PRB(s) at the center. From alignment with RBG perspective, option 1 is preferred as shown in Figure 3.
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Figure 3: Narrowband definition 1
For FDD narrowband definition, the same definition as TDD can be adopted. Alternatively, narrowbands can be defined from one edge to the other to achieve better alignment with RBGs shown in Figure 4. 
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Figure 4: Narrowband definition 2
3 Conclusions
In this contribution, we discuss the detailed narrowband definition for Rel-13 MTC UEs. We propose to adopt narrowband definition in Figure 3 for TDD. For FDD, narrowband definition in Figure 3 or Figure 4 is proposed to be adopted.
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