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Introduction
In the previous RAN1 meetings, coverage enhancement techniques such as cross-subframe channel estimation and frequency hopping were discussed, and as a result, the following agreements were reached for unicast transmission of PDSCH for Rel-13 low complexity MTC UEs in coverage enhanced mode: 
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#80bis:
· A set of DL and UL narrow-band(s) are known to UE
· Definition of narrow-band(s) is specified in the spec
· FFS details of a definition of narrow-band(s)
· FFS on how to UE knows available narrow-band(s) for MTC UEs
· One narrow-band size is 6PRB
· FFS on other narrow-band size(s)
· PRBs in a narrow-band are aligned with legacy PRB mapping
· Frequency hopping over the system bandwidth is not used for at least
· PSS/SSS
· PBCH
· At least in CE, frequency hopping over the system bandwidth can be used for common message for Rel-13 MTC UEs (RAR, paging, MTC SIB(s), FFS on response for message 3)
· Hopping pattern between narrow-bands is supported
· FFS on details of hopping pattern

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

Frequency hopping scheme for Downlink transmission
Based on the above agreements from last two meeting at least cross-subframe channel estimation and frequency hopping techniques are supported for MTC unicast PDSCH transmission in coverage enhanced mode. The details of the agreement is that in order to allow cross-subframe channel estimation, PRB position should be the same during at least X subframes, and when frequency hopping is applied, frequency location of the transmission should be switched every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y.


To provide further details of the frequency hopping combined with cross-subframe channel estimations, one possible method is to reuse the design principles of Rel-8 uplink frequency-hopping with predefined hopping pattern for MTC PDSCH transmission. A number of sub-bands () can be defined where all sub-bands are equal size of = 6RBs, then a sub-band based frequency hopping with cell-specific hopping pattern can be applied where PRB position will be the same during Y subframes. The hopping pattern is cell-specific, so there is no collision among hopping UEs in the same cell. Furthermore, the values of Y can be aligned with the system radio frame by applying 9 subframes for data transmission and the last subframe for retuning time. The legacy hopping scheme is as follows:
[image: ]




where  is obtained from the scheduling grant, pusch-HoppingOffset (), the number of sub-bands are given by higher layers and is the slot number.
In order the above hopping scheme to be suitable for DL transmission, the following parameters have to be modified as follows:
· 

· 
which is updated only at the beginning of each radio frame
· 

· 
should be set to zero assuming all the resources in 6RBs are assigned to single UE during time domain repetitions.
Therefore, based on the above modifications, the DL frequency hopping scheme can be expressed as follows:


Including Subband Index in the DL frequency hopping scheme




The above DL frequency hopping scheme assumes that virtual resource allocation  is obtained from the resources of the downlink system bandwidth. However, in order to reduce the size of the resource allocation, it may be preferable to utilise the scheduled subband index  and the virtual resource allocation  derived from the same scheduled subband index. As a result, the DL frequency hopping scheme can be expressed further as follows:


 


where  and  are obtained from the scheduling grant. 



In the above discussion, it is assumed that the value of Y is aligned with the system radio frame (i=SFN mod 10) where 9 subframes are for data transmission and the last subframe for retuning time. However, if it is sought that the values of Y should be less than the length of one radio frame, then the following counter from [8] can be applied: , where suitable value of Y can be 5 or 6 and is the slot number.

Conclusion
In this contribution, we have provided some details of the frequency hopping scheme suitable for downlink transmission of LTE Rel-13 MTC. The proposed frequency hopping scheme is based on legacy UL Frequency hopping in Rel-8 with some modifications and enables cross-subframe channel estimation at the UE, so it should be considered for DL transmission of LTE Rel-13 MTC in coverage enhanced mode. 
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