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1 Introduction

There are following agreements made related to definition of narrowband,

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

We analyze the possible narrowband definition options as well as pros and cons respectively and give our proposals in this contribution.

2 Definitions of narrowbands and pros and cons
2.1 Narrowband definition options

The possible narrowband options can be give as

· Option1

A narrowband is defined starting from the centre of the system BW
· For even system BW, a narrowband is 6 PRBs

· For odd system BW:

· Option 1A: The center narrowband is 5 PRBs, all other narrowbands are 6 PRBs

· Option 1B: All narrowbands are 5 PRBs

· Option 1C: The center narrowband is 6 PRBs, other narrowbands are 6 or 6.5 PRBs

· Option 2

A narrowband is 6 PRBs defined continuously starting from one edge of the system BW.
An illustration of the above options for 5MHz (25 PRBs) system BW is given in Fig.1.
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Fig. 1 An example of narrowband definition for 25 PRBs system BW

2.2 Impacts of different narrowband definitions 

As presented in [1] in last RAN1 meeting, it would be better to keep some principles in mind when considering how to define a MTC narrowband. The aspects that may have impacts on the principles and design of narrowbands could include:
· Amount of possible narrowbands and unused PRBs
Although the total resource can be used is independent from narrowband definition, the number of available narrowbands for MTC UEs and unused PRBs outside narrowbands for legacy UEs would be different per narrowband definition. We analyzed how to handle the PRBs not in any DL narrowband and propose not to use them for MTC in [2]. So the narrowband definition could lead to different capacity effects for served MTC UEs. For legacy UEs, because the narrowband indication can be invisible if they are not configured, they can access the resource of one/more narrowband(s) as long as they are not occupied by any MTC transmission. 
· Location of possible narrowbands and unused PRBs
The location of possible narrowbands would lead to different frequency hopping pattern design, which has impacts on potential frequency diversity gain. On the other hand, the location of unused PRBs is expected to be localized and consecutive. This can reduce eNB scheduling complexity and improve the resource utilization efficiency for the reason of reusing all resource allocation types as much as possible.
· Forward/backward compatibility 
The narrowband definition shall also consider the compatibility. For Option 1 including 1A~1C, 5 or 6.5 PRB narrowband cannot support M-PDCCH with AL 24 or MTC SIBs requiring 6 PRBs. It may also increase scheduling complexity for legacy UE who may be multiplexed with MTC UEs in the same narrowband. 
· Commonality across system BW
It is desirable that the narrowband definition is unified across various system BWs, i.e. not a combination of the above options. This would be beneficial for possible narrowband indices being easily referred and/or indicated in the same manner in the specification. 

In summary, we have the following proposal for considering narrowband definition,
Proposal 1: A narrowband defined for MTC shall 

· maximize the amount of possible available narrowbands
· maximize frequency space among possible narrowbands and localize the undefined PRBs

· maximize the compatibility among various UEs and commonality among various system BWs.
2.3 Pros and cons analysis

For the consideration of commonality and compatibility, Option 1B is not expected.  It may cause different indexing manners depending on even or odd system BW, which could complicate eNB scheduling and multiplexing of MTC UEs with legacy UEs. It also challenges the ECCE mapping for MPDCCH with AL=24.

For the distribution of possible narrowbands for the purpose of diversity gain, option 2 is better since narrowbands are always possible to be spaced across the whole system. This can be explained as shown in Fig. 1. Also, if for example 3 narrowbands are required for MTC UEs, option 2 allows type 2 resource allocation applied for legacy UEs upon 6 PRBs while the numbers for Option 1A and 1C are 4 and 3 respectively.

We compare the amount of defined narrowbands/unused PRBs in Table 1 below. 
Table 1. Amount of narrowbands/unused PRBs
	System BW (RBs)
	100 
	75 
	50 
	25 
	15 
	6 

	Option 1A 
	15/10 
	11/10 
	7/8 
	3/8 
	1/10 
	1/0 

	Option 1C 
	as 1A
	11/8
	as 1A 
	3/6 
	1/8 
	1/0 

	Option 2 
	16/4
	12/3 
	8/2 
	4/1 
	2/3 
	1/0


Note in the above table we consider 0.5 PRB if there is any remaining out of a 6-PRB-set can be integrated to the adjacent narrowband. Even this can help reduce the total number of unused PRBs, the possible available narrowbands by option 2 are the most among almost all system BWs. The PRBs not included in any narrowband in option 2 are centralized and the number of those is small.
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Fig. 2 Proposed narrowband definition for existing LTE system BWs.

Because of the analysis above, we propose
Proposal 2: A narrowband is 6 PRBs defined continuously starting from the edges of the system BW.
3 Use of narrowbands 
3.1 Indexing of narrowbands
Once the narrowbands are available for MTC transmission, they needs to be pre-indexed so as to provide a unified understanding for both eNB and UEs exactly which narrowband is targeted for one transmission. For this aspect the design needs to consider signalling overhead under a specific number of narrowbands. To maximize frequency diversity gain, hopping are expected to be between two sides across the center of the system BW. So in many cases two relatively small numbers can be chosen if the used narrowbands are alternately indexed from both edges towards the centre of the system BW, as illustrated in Fig. 3. We have
Proposal 3: The available narrowbands are indexed alternately from two edges towards the centre of a given system BW.
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Fig. 3. The indexing of narrowbands for system BW of 5MHz

3.2 Selecting of narrowbands
3.2.1 Selecting narrowband of M-PDCCH/PUCCH
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, it has been agreed that UE knows in which frequency resource(s) transmission of RAR can occur from its most recent PRACH resource set.

If M-PDCCH is used for Msg4 transmission, the narrowband of M-PDCCH can be explicitly informed in RAR. Alternatively, it 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 or follow the configured frequency hopping pattern.
As narrowband regions are used for PUCCH resource, the determination is different from selection of M-PDCCH. Contribution [3] provides detailed design for this.

3.2.2 Selecting narrowband of PDSCH/PUSCH
For the determination of PDSCH narrowband location for common messages including RAR and Paging, [4] and [5] can be respectively referred to. When frequency hopping is applied, the pattern for MTC SIB-1 can be indicated in MIB or pre-defined, and the narrowbands used for hopping for other SIBs as well as Paing and RAR can be given in MTC SIB-1[6].
For unicast PDSCH transmission, the narrowband of PDSCH can be indicated by DCI or depending on required coverage enhancement level as explained in [7].
As analyzed in our previous contribution [8], the narrowband of PUSCH transmission for Msg3 can be the same as that of PRACH transmission or can be derived from TX-RX frequency separation. More specifically when frequency hopping is applied to unicast PUSCH, it may be beneficial to have UL narrowbands configured independently. Further implementation details can also be found in [6].
4 Conclusions
In this contribution, we compared different narrowband definition options and analyzed the use of both DL and UL narrowbands. We have the following proposals:

Proposal 1: A narrowband defined for MTC shall 

· maximize the amount of possible available narrowbands
· maximize frequency space among possible narrowbands and localize the undefined PRBs

· maximize the compatibility among various UEs and commonality among various system BWs.

Proposal 2: A narrowband is 6 PRBs defined continuously starting from the edges of the system BW.
Proposal 3: The available narrowbands are indexed alternately from two edges towards the centre of a given system BW.
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