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1 Introduction
During the last meeting of RAN1#81, the following agreements on Rel-13 MTC frequency hopping were approved [2]:
Agreements:
· Working assumption: At least in case the network supports enhanced coverage, frequency hopping for MTC SIB-1 is always used at least system bandwidth >= 5Mhz

· Working assumption: The frequency location of MTC SIB-1 is determined based on subframe index (and/or SFN), cell ID and system bandwidth. 

· For frequency hopping of a channel CH, 

· YCH (frequency hopping granularity) is determined based on one of the following options

· Alt 1. A common value is used 

· FFS whether YCH is specified in the spec or configured by MIB/SIB1

· Alt 2. Multiple values are used (e.g., a single value per coverage/repetition level)

· FFS the details including mappings

· Alt 3. YCH is variable

· YCH is determined based on repetition number and the number of narrow-bands used for hopping

· One hop per narrowband (one retuning per narrowband)

· Note: Hopping pattern of common channels such as SIBx is cell-specific 

· FFS whether frequency hopping  can be used for LC UEs in non-CE

· FFS on details of mapping between hopping pattern(s) and channels

In this contribution, the details of frequency hopping for MTC UE are discussed and further consideration on the narrowband definition and the signaling of narrowband allocation are in our companion contribution [3].
2 Frequency hopping general
In Rel-13 work item of low complexity and coverage enhanced UEs for MTC, significant performance gains from frequency hopping has been observed in RAN1.  Therefore, frequency hopping is agreed to be the most important feature for Rel-13 MTC design. Except for PSS/SSS and PBCH, frequency hopping of other downlink channels is applied to reduce the repetition times, while the frequency hopping in uplink channel like PUCCH/PUSCH and PRACH is also considered to the enhancement of the uplink performance for MTC UEs.
A few details to support frequency hopping for different channels of MTC UEs are discussed in this section. Before designing the details of frequency hopping, it is needed to consider the general requirements of the frequency hopping. The frequency hopping across the narrowbands should facilitate to meet the following principles:
· Separate narrowbands for different channels
It is necessary to allow separate narrowbands used for different channels and different frequency hopping patterns. MTC UEs with coverage enhancement perform frequency hopping and MTC UE with non-CE & legacy UEs are not applying frequency hopping. The overlap/collision between two groups should be considered. It is necessary to divide resources usable for frequency hopping and non-frequency hopping regions such that frequency hopping occurs only over resources allocated for frequency hopping, similar to the division in frequency domain for PUCCH and PUSCH of legacy systems. Even for the MTC UE in EC, narrowbands used for SIB may use different hopping pattern from PDSCH, hence the narrowbands for the two channels should be separated. 
· Maximally allow the eNB to control the narrowband used for frequency hopping

Except that frequency hopping for some channel is predefined in the specification, e.g. the frequency hopping for SIB1 based on subframe number and physical cell ID, the eNB should be able to control the number of narrowbands used for frequency hopping. This is to allow the network controllability in consideration of the traffic load for LC MTC UEs and normal UEs. eNB shall be able to control the narrowbands used for frequency hopping and reserve some PRBs for legacy UEs.
· Keep consecutive number of RBs for legacy UEs as large as possible

Frequency hopping for MTC UEs should not destroy the consecutive number of RBs for legacy UEs as much as possible, especially when a small number of narrowbands are configured in UL. These narrowbands need to be located at the edge of the system bandwidth so that all the remaining PRBs around the center can be contiguously allocated to a single PUSCH from a normal UE. This can be fulfilled by allowing eNB to control the narrowbands used by MTC UEs and also the narrowbands used for frequency hopping. 
· Make two hopping frequency narrow bands as far as possible

Two narrowbands used in two adjacent time units should be separated as much as possible in the frequency domain. This can provide the maximal frequency diversity.
· The signaling overhead to indicate a narrowband used for frequency hopping should be low

There are several possible options to support the MTC frequency hopping, 

· Option 1: frequency hopping pattern predefined in specification.  With this option, the frequency hopping position is fixed in the spec. This option is more suitable for MTC physical control channel frequency hopping, since the frequency hopping pattern related information for M-PDCCH cannot be indicated dynamically by DCI. This option does not need signaling overhead to indicate the frequency hopping pattern.
· Option 2: flexible frequency hopping indicated by DCI. With this option, the frequency hopping pattern information is indicated by DCI. The benefit of this option is that frequency hopping is more flexible if reliable channel status can be obtained by eNB to better exploit the frequency diversity. This option cannot be applied to M-PDCCH and PRACH, and will need some signaling overhead in DCI.
· Option 3: flexible frequency hopping indicated by higher layer signaling. This option is suitable for the case that the frequency hopping is updated not very frequently. The pattern is fixed for multiple data transmission period and the scheduling flexibility is restricted. This option will need some signaling overhead.
The illustration of different channels frequency hopping is listed in TABLE 1.
TABLE 1 Frequency hopping illustration for different channels
	Channel
	w/o coverage enhancement
	with coverage enhancement

	PBCH/PSS/SSS
	w/o  Frequency hopping
	w/o  Frequency hopping

	SIB1
	Option 1
	Option 1

	SIBx (x>1)
	Option 3
	Option 3

	Dynamic PDSCH
	w/o  Frequency hopping
	Option 2+option 1

	SPS PDSCH
	Follow existing spec mechanism
	Option 3

	M-PDCCH
	w/o  Frequency hopping
	Option 1

	Dynamic PUSCH
	w/o  Frequency hopping
	Option 2+option 1

	SPS PUSCH
	Follow existing spec mechanism
	Option 3

	PUCCH
	w/o  Frequency hopping
	Option 3 + option 1


3 Frequency hopping illustration
It is agreed in RAN1 that the frequency location should be switched every Y consecutive subframes when frequency hopping is applied for some channels. It is assumed that re-tuning time is included in Y and that X is a minimum value guaranteeing that sufficient cross-subframe channel estimation can be performed in order to achieve sufficient channel estimation quality even at the low SNR levels experienced in enhanced coverage. Furthermore, scheduling could be simplified if the same values X and Y could be applied to different physical channels and different LC/CE UEs even if they apply different amount of CE. 
When consider the multiplexing the MTC UE and legacy UE, it is beneficial if the frequency hopping of MTC is limited in frequency to avoid potential overlap and collision. Furthermore, to minimize the overlap/collision among different UEs which use frequency hopping within those resources, a common hopping pattern can be considered, which is applied regardless of actual transmission.
Based on the above metric of the narrowband frequency, Figure 1 gives the illustration of the narrowband frequency hopping both for uplink and downlink.
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Figure 1(a): Illustration of narrowband separation for uplink channels
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Figure 1(b): Illustration of narrowband separation for downlink channels
4 Conclusion

In this contribution we discussed the issues related to narrowband frequency hopping for Rel-13 LC/CE UEs. Several design considerations are presented. Further, the options to determine the frequency hopping pattern for different channels are discussed. 
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