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1 Introduction
In RAN1#82 meeting, the following agreements were reached on frequency hopping.
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 discuss physical channel frequency location design for Rel-13 MTC UEs.
2 Discussion

The narrowband definition has been agreed in the last RAN1 meeting. It is straightforward that frequency hopping is performed across narrowbands similar as type 2 PUSCH frequency hopping. Furthermore, it is proposed that a cell-specific frequency hopping pattern across narrowbands is applied to all the physical channels. In this case, it is simpler to avoid collision between narrowbands due to frequency hopping.
An example of DL unicast transmission for UE in large CE is shown in Figure 1. Different from the case of no/small repetition, it is proposed that the frequency location of data channel is not indicated in DCI [1]. Instead, the frequency location of PDSCH is the same as M-PDCCH following the cell-specific frequency hopping pattern.
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Figure 1: Frequency location of UE in large CE
For UEs in no/small CE, it is also desirable that the frequency location of M-PDCCH follows the cell-specific frequency hopping pattern to avoid collision with other transmissions. An example is shown in Figure 2 where YCH=8. Furthermore, M-PDCCH indicates the narrowband for PDSCH/PUSCH as we agreed.
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Figure 2: Frequency location of UE in no/small CE
Proposal 1: A cell-specific frequency hopping pattern across MTC narrowbands applies to all the physical channels for Rel-13 low complexity UEs and UEs in enhanced coverage in case frequency hopping is enabled.
For TDD, if the frequency location of the downlink narrow-band is different from the frequency location of the uplink narrow-band for a Rel-13 low complexity TDD UE, the UE needs to retune to another narrow-band every DL-to-UL or UL-to-DL switching time as illustrated in Figure 1.
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Figure 1: Independent frequency hopping design for TDD (1 ms retuning time, UL-DL configuration 1)

It can be seen that the UE needs to retune 4 times every radio frame which is quite frequent. During retuning time, the UE cannot transmit/receive data so that frequent retuning would prolong the transmission/reception time and increase UE power consumption.

Observation 1: Independent frequency hopping pattern design for UL and DL would require Rel-13 low complexity TDD UE to retune to another narrow-band every DL-to-UL or UL-to-DL switching time.
In order to minimize the number of tuning for TDD, a straightforward approach is to design a common frequency hopping pattern for UL and DL as illustrated in Figure 2 which is in line with the spirit of defining the same set of narrowbands for DL and UL for TDD.
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Figure 2: Common frequency hopping design for TDD (1 ms retuning time, UL-DL configuration 1)

Before UE retunes to another narrow-band, the DL and UL operate on the same frequency so that the number of retuning is minimized. 

Proposal 2: Strive to minimize the number of retuning by designing a common frequency hopping pattern for UL and DL for TDD.

3 Conclusions

In this contribution, we discuss physical channel frequency location design for Rel-13 MTC UEs with the following proposal.
Proposal 1: A cell-specific frequency hopping pattern across MTC narrowbands applies to all the physical channels for Rel-13 low complexity UEs and UEs in enhanced coverage in case frequency hopping is enabled.

Proposal 2: Strive to minimize the number of retuning by designing a common frequency hopping pattern for UL and DL for TDD.
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