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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 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#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#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 LTE Rel-13 MTC and provide some proposals at the end. 
Note that there has been some significant updates compared to our previous tdocs in RAN1#81. 
Narrowband Positions and Numbering


The following description is based on the downlink case but it is applicable for uplink as well by changing to. 


The total number of sub-bands in the system bandwidth is of whichare whole 6-PRB sub-bands. 

In the case that  there is one ‘partial’ sub-band that contains fewer than 6 PRBs. We consider two schemes for the placement of this partial sub-band:
A. The partial sub-band is the one closest to the end of the system bandwidth
B. The partial sub-band is in (or near) the middle of the system bandwidth
We further consider two ways of numbering the sub-bands:
1. Sub-bands are numbered in order of increasing PRB number
2. Sub-bands are numbered working from the edges of the system bandwidth to the middle


We therefore have four candidate options which are illustrated in Figure 1 for the example case of 10MHz system bandwidth ( and).


Figure 1. Sub-band Positions and Numbering Options (10MHz case)


Note that in all cases we assume that if there is a partial sub-band then it is assigned number. We assume that the partial sub-band will not be used for frequency hopping, but can be used for dynamic assignment to other UEs.


Let  be the first PRB of sub-band k where. This is defined in Table 1 for each of the four options.





Table 1. Options for Sub-band Placement and Numbering
	Options 
	
 (i.e. first PRB of sub-band k)

	1A
	


	1B
	







	2A
	






	2B
	









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. Note that if there is a partial sub-band then it is assigned index  and will thus always be excluded from hopping/mirroring (because of the condition).



Let  represent a resource block 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 Table 1 above.



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 last sub-frame of each radio frame can be used for retuning (i.e. X=9 and Y=10).
· 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.
Please see the Appendix section for some examples of the hopping and mirroring schemes defined above.


Comparing the frequency hopping and mirroring scheme, by taking into account the inter-cell interference, the frequency hopping has better performance than simple mirroring scheme due to interference randomisation function (). Therefore, we propose a generic frequency hopping scheme that is applicable to various definitions of narrowbands and location of the partial subband.

Conclusion
In this contribution, we have provided the details of the frequency hopping design for LTE Rel-13 MTC. As there are currently various options for narrowband definitions and location of remaining PRBs (i.e. partial subband), we propose a generic Frequency hopping scheme that can be adapted for LTE Rel-13 MTC as follows: 
Frequency hopping scheme:









where the hopping pattern  is as defined in Rel-8. 
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Appendix: Examples of Frequency hopping/Mirroring scheme



         Figure A1. Example of Frequency hopping/Mirroring scheme with mapping/DeMapping functions


Figure A2. Illustration of Mirroring Scheme for Different Numbering Options
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