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1 Introduction
New WID for MTC was agreed in RAN #65 [1]. One of objectives is coverage corresponding to 15 dB for FDD for the Rel.13 low complexity UE category/type. In order to achieve 15 dB coverage enhancement, repetition over multiple subframes is one of necessary solutions. In RAN1#78bis, reduced UE bandwidth of 1.4 MHz for both downlink and uplink was agreed to be prioritized as the most important complexity reduction technique for Rel.13 MTC UEs [2]. This reduces the potential frequency diversity, resulting in degraded link level performance and in an increase in the required number of repetitions for several LTE physical channels to obtain the desired performance. In order to reduce the number of repetitions, which degrade the spectral efficiency, this contribution discusses the relation between frequency hopping and cross-subframe channel estimation for control and data channels.
2 Discussion
Potential techniques to reduce the number of repetitions
In order to achieve 15 dB coverage enhancement, repetition over multiple subframes is one of the necessary solutions. Repetition degrades the spectral efficiency for both control and data channels since more physical resources are occupied. Techniques to reduce the number of repetitions are necessary.
The following techniques should be at least considered to reduce the number of repetitions for MTC UEs such as:
· Frequency hopping: Reduced UE bandwidth of 1.4 MHz for Rel.13 low complexity UEs reduces the frequency diversity, resulting in degraded link level performance and in increase in the required number of repetitions for several LTE physical channels. In order to improve the link performance of Rel.13 low complexity UEs with the reduced bandwidth of 1.4 MHz, frequency hopping of the reduced bandwidth of 1.4 MHz over the system bandwidth (e.g. 20 MHz) could be considered. However, if the switching/hopping costs too much time (i.e. too many subframes/SC-FDMA symbols), the spectrum efficiency is degraded because a UE cannot transmit/receive anything during its retuning time, and this prevents a frequent change of the used PRBs, which would offer additional frequency diversity. Therefore, the hopping design needs to take the switching time into account.

· Cross-subframe channel estimation: In a very low SINR condition caused by power shortage (i.e. noise limited and not interference limited), the degraded channel estimation contributes to the reception performance loss quite a lot. By stationary deployment, cross-subframe channel estimation with longer averaging length improves the link performance (Our simulation results in [3] show that the number of repetitions can be lower when cross-subframe channel estimation with a longer averaging length is used). However, for long averaging, implementation considerations like receiver phase offset and transmission phase coherency over the long period need to be taken into account.
Design of frequency hopping for MTC UEs
Two frequency hopping schemes can be considered. One is frequency hopping within the reduced bandwidth of 1.4 MHz. The other is the frequency hopping of 1.4 MHz within the system bandwidth (e.g. 20 MHz). Then, as possible combinations for those two schemes, following four options can be considered in terms of frequency hopping. Figures 1(a)-1(d) are intended to show uplink control channel usage but the discussion would be common to uplink data, downlink control and downlink data:
· Option 1: Frequency hopping within 1.4 MHz is applied. Frequency hopping of 1.4 MHz within the system bandwidth is not used. It is shown in Fig.1 (a). Option 1 may have less standardization impact as its design in 1.4 MHz is the same as in the existing LTE specification. In addition, option 1 allows the use of cross-subframe channel estimation if the same frequency resource is used during the repetition period. With regard to frequency diversity, the whole channel bandwidth likely has flat fading for 1.4 MHz for MTC scenario and therefore it is expected that option 1 cannot obtain a substantial frequency diversity gain.
· Option 2: No hopping is used over the whole repetition length. It is shown in Fig.1 (b). Option 2 allows the use of more reference signals for cross-subframe channel estimation compared to option 1. With regard to frequency diversity, option 2 cannot obtain any frequency diversity gain; however in a substantially flat channel, this would not constitute a major drawback.
· Option 3: Frequency hopping within 1.4 MHz is applied. Frequency hopping of 1.4 MHz within system bandwidth is also used. It is shown in Fig.1 (c). Option 3 can obtain much frequency diversity gain due to frequency hopping over the system bandwidth while the number of available subframes for cross-subframe channel estimation is reduced compared to option 1.
· Option 4: Frequency hopping within 1.4 MHz is not applied. Frequency hopping of 1.4 MHz within system bandwidth is used. It is shown in Fig.1 (d). Option 4 allows the use of more reference signals for cross-subframe cannel estimation compared to option 3. With regard to frequency diversity, option 4 could obtain a more substantial frequency diversity gain compared to hopping within 1.4 MHz.
There would be a trade-off among frequency diversity, channel estimation improvement, and frequency retuning time. Considering the small expected frequency diversity gain by frequency hopping within 1.4 MHz, it is expected that Option 4 offers the best trade-off between frequency diversity, channel estimation improvement even if a relatively long frequency retuning time like 1 ms is required.
Note that Fig.1 shows the example when the number of repetition is 8 subframes. In Rel. 12, RAN1 has discussed multiple repetition levels for enhanced coverage transmission. In [4], we have proposed a repetition granularity concept as the basic length for each repetition level, for example 4 or 8, with the interval between two adjacent starting subframes as an integer multiple of 4 for each repetition level. Considering such a repetition granularity, a common hopping periodicity (for example 4 subframe (plus retuning time) as shown in Fig.1 (c) and (d)) would be more reasonable than a large or a very short hopping periodicity (for example hopping every subframe). In [3], we propose multiple subframe code spreading and discusse a common spreading factor. Multiple subframe code spreading with a common spreading factor could also be aligned with a common hopping periodicity.
Observation: Frequency hopping could be designed taking into account the trade-off between frequency diversity gain by frequency hopping and channel estimation improvement by cross-subframe channel estimation,  and the frequency retuning time.
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(a) Option 1                                                                            (b) Option 2
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(c) Option 3                                                                            (d) Option 4
Fig.1 Frequency hopping for MTC UEs.
3 Conclusion

In this contribution, we discussed the relation among frequency hopping, cross-subframe channel estimation, and retuning time. Based on the discussion, we summarize our views through the following observation:

Observation: Frequency hopping could be designed taking into account the trade-off between frequency diversity gain by frequency hopping and channel estimation improvement by cross-subframe channel estimation, and the frequency retuning time.
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