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1 Introduction
In the Rel.13 WI of “further LTE physical layer enhancements for MTC”, frequency hopping was discussed for low complexity UEs in enhanced coverage and was agreed to be supported for unicast PDSCH, physical downlink control channel, PUSCH and PUCCH except PBCH and PSS/SSS. Furthermore, the frequency hopping is based on frequency narrowbands definition. Some further agreements on narrowband definition and frequency hopping were reached as following:
Narrowband definition:

· All narrowbands are of a size of 6 PRBs

· Total number of DL narrowbands in the system bandwidth is fixed at 
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· Total number of UL narrowbands in the system bandwidth is fixed at 
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· The remaining RBs are divided evenly at both ends of the system bandwidth, with the extra odd PRB for the system BW (e.g. 3, 5, and 15 MHz) located at the centre of the system BW
· The narrowbands are numbered in order of increasing PRB number
Frequency hopping:
· Confirm working assumption: At least in case the network supports enhanced coverage, frequency hopping for MTC-SIB1 is always used at least system bandwidth >= 5MHz.

· Option A: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell.

· Option B: MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands as indicated in MIB.

· Working assumption: The mentioned narrowbands are determined based on cell ID and system bandwidth. 

· Working assumption: The hopping sequence between these narrowbands is determined based on cell id and subframe index (and/or SFN).

· YCH (frequency hopping granularity) is either predetermined or semi-statically configured (i.e., not dynamically indicated)

· FFS whether a single YCH value or multiple values are supported (e.g., for different coverage levels, for different channels, etc.)

· A cell-specific value of YCH is applicable at least for paging and RAR transmissions at least for the case when the repetition number is greater than the cell-specific value YCH
· FFS on paging and RAR with the repetition number is equal or smaller than YCH 
· FFS on other transmissions
Although some agreements for frequency hopping have been achieved till last meeting, it is unclear yet how frequency hopping is implemented for different channels, for example, whether PDSCH hops in the same way as the associated downlink control channel, whether common message hops in the same way as unicast PDSCH, how to multiplex the legacy UE and MTC UE for different channels within the whole system bandwidth. Furthermore, the frequency hopping pattern design has not been decided till now. In this contribution, in order to solve the above problems, the details of frequency hopping for different channels and hopping pattern design are discussed.

2 Review of narrowband definition and numbering
Before the discussion on the frequency hopping for different channel, the narrowband definition and numbering are summarized based on the agreement of the RAN#82[2]. The frequency hopping for the Rel.13 MTC UE should be based on the unit of narrowband instead of the PRB in legacy systems.
The following description is based on the downlink case but it is applicable for uplink as well by changing
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 there are remaining PRBs not belonging to any narrowband and will not be used for frequency hopping for MTC UE. These remaining PRBs can be used for legacy UEs.
Let 
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. Then the lowest PRB index for each narrowband is shown in TABLE 1.
TABLE 1: Narrowband definition and numbering.
	System bandwidth 
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3 Frequency hopping pattern
If/when frequency hopping is applied, frequency location is switched according to a pattern every YCH consecutive subframes and YCH is equal to or larger than X assuming re-tuning time is included in YCH. To leave sufficient flexibility, it is better the parameter YCH is configurable by the network.
For the detailed frequency hopping pattern, PUSCH frequency hopping patterns could be reused for MTC with some modification. The equation of current PUSCH hopping is as follows. The physical resource blocks 
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where nVRB is obtained from the scheduling grant. 
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[image: image21.wmf]sb

RB

N

 of each subband is given by


[image: image22.wmf]ë

û

î

í

ì

>

-

-

=

=

1

/

)

2

mod

(

1

sb

sb

HO

RB

HO

RB

UL

RB

sb

UL

RB

sb

RB

N

N

N

N

N

N

N

N












(5)

where the number of subbands Nsb is given by higher layers. fhop(i) is the hopping function and fm(i) is the function related to mirroring.
The PUSCH frequency hopping supports inter-subframe hopping or intra/inter-subframe hopping. The MTC frequency hopping should be applied every YCH subframes. Therefore, it is difficult to avoid the collision of legacy UE’s PUSCH hopping with the MTC UEs’ PUSCH hopping in the same PRB. In order not to impact the PUSCH hopping of legacy UEs, the narrowbands located at the edges of the system bandwidth are suitable for MTC UEs’ PUSCH transmission with hopping.
To adapt the frequency hopping scheme for MTC transmission based on the PUSCH frequency hopping pattern, we propose the following changes.

We assume that hopping/mirroring is only applied in a subset of the narrowbands in the system bandwidth. Denote the set of narrowband on which frequency hopping shall be applied are indexed by 
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 in a 10MHz system bandwidth, for PUSCH/PUCCH transmission.
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Figure 1: Example of uplink frequency hopping

Let 
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If 
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Frequency hopping scheme:
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where  fhop(i) is the hopping function and the pseudo-random sequence generation for this hopping function can be the same as defined in Rel.8[1]. 
Note:
· The frequency hopping rate is YCH subframe, for example, with a period of 10 subframes. The last sub-frame of each radio frame can be used for retuning (i.e. X=9 and YCH =10).
· Because there is little frequency diversity benefit to be gained by applying mirroring within a 6PRB narrowband,
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The same hopping pattern can be used for both uplink and downlink. It is preferable that different channels are transmitted in different narrowbands, such that their hopping will not collide with each other.
Based on the above general consideration of the narrowband frequency, Figure 2 gives the illustration of the narrowband frequency hopping both for uplink and downlink.
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Figure 2(a): Illustration of narrowband separation for uplink channels
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Figure 2(b): Illustration of narrowband separation for downlink channels

4 Conclusions
In this contribution we discussed the issues related to narrowband frequency hopping for Rel-13 LC/CE UEs, especially for the narrowbands of frequency hopping used for different channels. We have also provided the details of the frequency hopping design for LTE Rel-13 MTC, i.e.

Frequency hopping scheme:
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where  fhop(i) is the hopping function and the pseudo-random sequence generation for this hopping function can be the same as defined in Rel.8[1]. 
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