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Introduction
In the past RAN1 meetings, a lot of agreements were reached frequency hopping for Rel-13 low complexity MTC UEs in coverage enhanced mode. Some of the agreements are captured below:
Agreement at RAN1#80:
· For Rel-13 low complexity UE in enhanced coverage, the following techniques related to at least unicast PDSCH should be supported
· In order to allow cross-subframe channel estimation, PRB position is the same during at least X subframes 
· X value and configuration are FFS
· This does not preclude dis-continuous transmission for unicast PDSCH
· Frequency hopping is supported over the system BW
· If/when frequency hopping is applied, frequency location should be switched every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y.
· Configurability is FFS
· FFS: Other techniques
Agreement at RAN1#80:
· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported
· Multiple-SF channel estimation
· Frequency hopping over system bandwidth across subframes
· Network can enable or disable the hopping
· FFS details of configuration
· FFS on other techniques
Agreement at RAN1#82:
Agreement:
· All narrowbands are of a size of 6 PRBs
· Total number of DL narrowbands in the system bandwidth is fixed at                
· Total number of UL narrowbands in the system bandwidth is fixed at 
Agreement:
· 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 center of the system BW
· The narrowbands are numbered in order of increasing PRB number
Agreement:
· 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).
Agreement:
· 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

In this contribution, we provide the details of the frequency hopping design for LTE Rel-13 MTC and provide some proposals at the end. 


Narrowband Positions and Numbering
In the last meeting, the definition of narrowbands for downlink and uplink system bandwidths has been discussed and agreed as  and  respectively.
Furthermore, it was agreed that the remaining RBs are divided evenly at both ends of the system bandwidth, with the extra odd PRB (e.g. 3, 5, and 15 MHz) located at the center of the system BW. The narrowbands are numbered in order of increasing PRB number.


[bookmark: _GoBack]To formulate the above definition into mathematical equations, let  be the first PRB of sub-band k whereas follows: 





Frequency hopping/Mirroring scheme
We propose to reuse the Rel-8 frequency-hopping with predefined hopping pattern for MTC transmission. The hopping pattern is cell-specific, so there is no collision among hopping UEs in the same cell. The legacy hopping scheme is as follows:
[image: ]




where  is obtained from the scheduling grant, pusch-HoppingOffset () and the number of active sub-bands are given by higher layers and is the slot number.
To adapt the hopping scheme for MTC transmission we propose the following changes.









Let  be a sub-band index, . We assume that hopping/mirroring is only applied in sub-bands  where and are pre-defined or set by higher layers such that  and. The purpose of and is to allow sub-bands at the edges of the system bandwidth to be excluded from hopping/mirroring if required.



Let  represent a resource block assignment within a sub-band signalled in the resource assignment, and let  be the sub-band index of the sub-band which contains.





If  is a sub-band in which hopping/mirroring is not applied ( or ) then we simply set , where  is defined in section 2.



If  is a sub-band in which hopping/mirroring is applied () then  is determined as follows:
Frequency hopping scheme:









where the hopping pattern  is as defined in Rel-8. 






The idea is first to map the RBs in sub-bands  to a contiguous range of RBs indexed by  where. Then the legacy frequency hopping scheme is applied in this contiguous range to obtain. Finally  is mapped back to the original sub-bands to obtain.
It can be seen that this is equivalent to the legacy frequency hopping scheme of Rel-8 with the following changes:
· The hopping rate is once per radio frame, with a period of 10 radio frames. 
· The hopping sub-band size is fixed to 6 RBs
· 
is set to zero (because there is little frequency diversity benefit to be gained by applying mirroring within a 6-RB sub-band).




Mirroring scheme:
The mirroring scheme uses the same basic idea of first mapping the sub-bands to a contiguous range but in this case we apply mirroring within this range in blocks of 6 RBs, as follows:






where , ,  and  are all defined in the same way as for the frequency hopping case above.
Comparing the frequency hopping and mirroring schemes, by taking into account the inter-cell interference, the frequency hopping scheme has better performance than simple mirroring scheme due to interference diversity gain and randomisation function as presented in our accompanying contribution [6]. 
In addition, as discussed in [7], mirroring scheme limits the multi-user multiplexing capacity as two subbands locating at the edges of the system bandwidth can only multiplex two users (with 6RBs each) while frequency hopping scheme with configurable number of hops (e.g. 4/8 hops) can handle a large number of hopping UEs.
Therefore, we propose the above frequency hopping scheme for LTE Rel-13 MTC which is based on Rel-8 specification, but needs small modification. Hence, less specification efforts.
 
Conclusion
In this contribution, we have provided the details of the frequency hopping design for LTE Rel-13 MTC. We propose the following frequency hopping scheme which is based on Rel-8 specification. 
Frequency hopping scheme:









where the hopping pattern  is as defined in Rel-8. 
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