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1 Introduction

Narrowband definition was discussed at previous meetings and the following agreements were achieved at RAN1#80:
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

It is not decided yet how many PRBs are included in a narrowband and how narrowbands are numbered across the system bandwidth. These factors as well as the system bandwidth may affect whether there are or how many PRBs which are not in any narrowband. As analyzed in the way forward [1] and [2], except option 1B (each of narrowbands is of 5PRBs) in the cases of 15, 5, and 3MHz of system bandwidth there are some PRBs not belonging to any narrowband with the premise of non-overlapping. This contribution analyzes whether to use the PRBs (if any) not belonging to any narrowbands. 
2 Discussion

Considering it is beneficial to use compact DCI for narrowband capable Rel-13 LC-MTC UEs especially for UEs in coverage enhancement (CE), it was agreed to define narrowbands used for MTC across the system bandwidth. Hence, the narrowbands configured by eNB or scheduled by DCI for PUSCH/PDSCH are a subset of all narrowbands defined in specification, so that eNB or DCI only needs to indicate the index of the used narrowbands rather than indicating a narrowband which can start from any frequency of the carrier. 
Since how to define the narrowbands is not decided yet, there may be a worry that there may be some PRBs which might never be used. These PRBs are between narrowbands but not belong to any narrowband if the narrowbands defined in specification are non-contiguous. These PRBs are hardly used for non-MTC UEs as non-MTC UEs probably need a large block of consecutive PRBs, so they might be never used if these PRBs are not used for MTC either. However, whether it is worth worry depends on how to define the narrowbands and how to use them. 
1) For DL narrowbands within a large system bandwidth (e.g., 10, 15, 20MHz)
It was agreed already that PSS/SSS/PBCH may be in one or more narrowbands and is independent of any narrowbands, so as proposed in [2] that the narrowbands of 6PRBs are defined from edges to the carrier centre, the PRBs not belonging to any narrowbands will concentrate and span across the system centre as shown in Fig. 1. If the narrowbands used for MTC UEs can start from the edges, the PRBs between edges including the ones not belonging to any narrowbands could be used for non-MTC UEs especially for large system bandwidth as illustrated in Fig. 1. 
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Fig. 1: Two PRBs not in any narrowband for 10MHz carrier
In addition, as proposed in [3] the frequency hopping pattern used for a MTC UE is one of all possible frequency hopping patterns configured by eNB. The frequency hopping patterns are unified and cell specific which use the narrowbands at edges that are reflected by the carrier centre, so that there might be no isolated PRBs that can neither be used to MTC nor non-MTC WUEs for large system bandwidth. 
2) For DL narrowbands within a small system bandwidth (e.g., 3, 5MHz)
However, for the case that there might be no non-MTC UEs in the cell or all narrowbands are assigned to MTC UEs especially for small system bandwidth, the PRBs not belonging to any narrowbands will be isolated. For example, as proposed in [2] when defining narrowbands of 6PRBs (as Option 2) from edges to the carrier centre, there are 3 (for 3MHz carrier) or 1 (for 5MHz carrier) PRB. 
It is not recommended to use such PRBs. 1 or 3 PRBs are not supported for EPDCCH so probably not used for M-PDCCH either.  On the other hand, which PRBs are included in which narrowband will be defined in specification, and the narrowband index will be indicated to represent the narrowband used for MTC. For example, all possible narrowbands as well as the frequency hopping patterns when supporting are configured in MTC SIB; DCI indicates the narrowbands used for PDSCH/PUSCH transmission. Therefore, the PRBs not belonging to any narrowbands will not be used anyway. 
Proposal 1: PRBs not in any DL narrowband are not used for MTC UEs.  

3) For UL narrowbands
If the same set of narrowbands defined for DL applies to UL, there are a certain number of PRBs across the carrier centre in UL that are not in any narrowbands as discussed for DL and similar to proposal 1 for DL such PRBs are not used for MTC UEs. Different from DL, legacy PRACH/PUCCH takes PRBs of the carrier edges, which may result in some narrowbands at the carrier edges having less than 6 PRBs used for MTC UEs as in Fig. 2(a). The question is whether/how to use such remaining PRBs. Firstly, how many PRBs in each of the carrier-edges narrowbands remaining for MTC UEs depend on the number of PRBs allocated for legacy PRACH/PUCCH. If there is only very few PRBs (e.g., one PRB) remaining, probably narrowbands used for MTC UEs will just start from NBs 2 and 3 as in Fig. 2(a) and the remaining PRBs are not used for MTC UEs. If PRACH/PUCCH takes few PRBs of the narrowband, the remaining PRBs in the narrowbands can still be used for MTC UEs. 
Alternatively, in order to keep each narrowband used for MTC having 6PRBs available, the narrowband definition for UL can be different from that for DL (in FDD). As shown in Fig. 2(b) the actual positions of the narrowbands in frequency are shifted to align with legacy PUCCH/PRACH. The same narrowband index as if there was no shift is still used by eNB to configure narrowbands used for PUSCH hopping or by DCI to indicate the narrowband used for PUSCH transmission. However, whenever the resources amount for legacy PRACH/PUCCH changes, the actual positions of the UL narrowbands will change though the index may not change. Therefore, an offset to shift narrowbands used for UL for MTC UEs to align with legacy PRACH/PUCCH can be considered but whether it will be used needs to justify how necessary it is after making the decision on the narrowbands definition and after it is clear how to manage the offset. 

[image: image2.emf]NB0

NB1

NB2

NB3

NB4

NB6

NB7

NB5

f

t

subframe

Two 

PRBs

NB assigned 

to MTC

Resources 

used for 

non-MTC

Resources used for legacy 

PUCCH for non-MTC 

(a)UL narrowbands for MTC not align with legacy PUCCH
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(b)UL narrowbands for MTC shift to align with legacy PUCCH


Fig. 2: UL narrowbands across the system bandwidth
Proposal 2: An offset can be considered to shift narrowbands used for UL for MTC UEs to align with legacy PUCCH and/or PRACH but whether it will be used needs to justify how necessary it is.

3 Conclusions

This contribution discusses whether to use PRBs not in any DL narrowbands based on discussion on narrowband definition and supporting frequency hopping. The case for UL is different from DL as legacy PUCCH/PRACH is always reserved at edges of carrier although the resources used are configurable. Overall, the analysis in this paper leads to the following proposals:
Proposal 1: PRBs not in any DL narrowband are not used for MTC UEs.  

Proposal 2: An offset can be considered to shift narrowbands used for UL for MTC UEs to align with legacy PUCCH and/or PRACH but whether it will be used needs to justify how necessary it is.
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(b)UL narrowbands for MTC shift to align with legacy PUCCH
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(a)UL narrowbands for MTC not align with legacy PUCCH
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