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1 Introduction
There are following progress made related to frequency hopping in the last RAN1 meeting:
Agreements:
· 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
Agreements:
· Confirm the working assumptions:
· Rel-11 EPDCCH is a starting point for design of a physical downlink control channel for MTC at least for MTC UEs in coverage enhancement
· For Rel-13 low complexity UEs in enhanced coverage, the demodulation of the physical downlink control channel for MTC is based on at least DMRS
· Rel-11 EPDCCH is a starting point for design of the physical downlink control channel for MTC UEs in normal coverage
· The demodulation of the physical downlink control channel for MTC is based on at least DMRS for MTC UEs in normal coverage
· For the physical downlink control channel repetition for Rel-13 low-complexity MTC UEs in enhanced coverage, the following techniques are supported
· In order to allow cross-subframe channel estimation, location of a PRB-set for physical downlink control channel for MTC is the same during at least X subframes
· X value and indication are FFS
· This does not preclude dis-continuous transmission for the physical downlink control channel for MTC
· Working assumption: Same precoding matrix is assumed per antenna port and at least one PRB for at least X subframes
· Frequency hopping is supported over the system BW
· If/when frequency hopping is applied, frequency location is switched according to a pattern every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y
· Configurability of X, Y, and frequency hopping is FFS
Note: RAN1 currently uses following terminology for DL physical control channel for Rel-13 MTC UEs with the same meaning, and RAN1 asks spec editors to take care it later
· physical downlink control channel for MTC
M-PDCCH
We provides considerations on the determination/indication of X and Y for M-PDCCH in this contribution especially for control channel which schedules unicast data transmission, as whether control channel for some common messages is needed is not yet clear.
2 On the determination of X 

As coverage enhancement techniques, frequency hopping over system bandwidth as well as cross-subframe channel estimation is supported to improve performance of data transmission and reduce the repetition number that one CE level requires. However, some trade-off will have to be considered between these two techniques. The reason is that frequency hopping can enable diversity gain through transmission on various frequency resources across multi-subframes, while cross-subframe channel estimation can be effective for coverage enhancement because of improved accuracy of channel estimation assuming the same frequency location during repetition and limited UE mobility. As repetition in time is the baseline CE technique for most physical channels and Y is equal to or larger than X, the value of X can be considered with priority. 
As observed in some previous contributions [1] [2] for other channels e.g. PUSCH, the expected gain will roughly increase (but reach a peak or become less promising) as the number of subframes used for averaging channel estimation becomes large. The similar trend is supposed to hold true for M-PDCCH. However the usable subframes are limited to repetition number of M-PDCCH and frequency error, and the required repetition number changes per coverage enhancement level and/or per UE. So the X value should be known to the UE and the on/off of it may probably be configurable from the network perspective. Once UE begins to operating coverage enhancement with cross-subframe channel estimation within a specific CE level, the number of subframes used for cross-subframe channel estimation scheme is not expected to be changed. Otherwise it would lead to extra signaling for UE to search. Thus, one value for MTC UE operating cross-subframe channel estimation could be sufficiency during repetition. A possible approach is to implement this through signaling for M-PDCCH configuration. 

Proposal 1: X value for cross-subframe channel estimation could be known to a low-complexity MTC UE operating coverage enhancement through M-PDCCH configuration signaling. 
3 On the determination of Y

Due to bandwidth reduction, a MTC UE can only support 1.4MHz RF narrowband within system bandwidth. The possible frequency diversity gain can be assumed significant only when system bandwidth is larger than the bandwidth that a MTC UE works on. Thus, hopping technique when system bandwidth is 1.4MHz is not attractive and but just increases the complexity of UE implementation. However to support frequency hopping in some system and not in others by specification (not by the network choice) would potentially lead to a divergence of CE technique over different system bandwidth, which is not preferred according to the updated WID [3]. Furthermore, frequency hopping beyond 1.4MHz bandwidth would introduce retuning time for low-complexity MTC UE, which results in resource segmentation as UE would be unable to transmit/receive data within those guard time. Therefore, frequent hopping is desirable only when the potential gain is significantly comparing to enlarged repetition number because of retuning. One additional issue is the Y value in TDD system since there may be no consecutive subframes in terms of Y, however the current agreement doesn’t distinguish TDD and FDD. Thus, the value of Y should satisfy that 
· X<=Y<= R where R is the repetition number of M-PDCCH;

· Z=[R/Y] should not increase as the required CE level becomes smaller;

· Be configurable by the network

Because of the above, it seems impractical to predefine one or several candidates for Y so the exact Y value can be provided to UE through dedicated M-PDCCH configuration signaling. Therefore we have,
Proposal 2: Y value for frequency hopping could be known to a low-complexity MTC UE operating coverage enhancement through M-PDCCH configuration signaling.

4 On using same precoding matrix
From the network side, this may restrict random beamforming within this e.g. X-subframe bundle. When R13 MTC UE operates coverage enhancement, the CSI may be not accurate. So it is beneficial for eNB to be able to randomly select a suitable precoder. Then it is a trade-off that needs further investigation. Furthermore, whether the assumption of using the same precoding matrix is by one PRB level is not clear. Alternatively to allow cross-subframe channel estimation, some other approaches can be considered so that UE can be aware of the precoding used by eNB, and then it can estimate the channel with such knowledge. This again should take the performance gain, UE complexity of decoding such indication and relevant specification impact into account. 
RAN1 should focus first on the complex details of frequency hopping which has been already agreed in principle for many cases, but on which many details remain, especially in terms of different channels and messages having different X and Y values, etc. The typically 2-3 dB gain from frequency hopping may be enough that altering the EPDCCH/M-PDCCH implementation in the UE is not needed in terms of its incremental repetition saving over frequency hopping. 

5 Conclusions
In this contribution we analyzed the possible impacts on X and Y value and how to provide the information for cross-subframe channel estimation and frequency hopping respectively. It is proposed that
Proposal 1: X value for cross-subframe channel estimation can be known to a low-complexity MTC UE operating coverage enhancement through M-PDCCH configuration signaling.
Proposal 2: Y value for frequency hopping can be known to a low-complexity MTC UE operating coverage enhancement through M-PDCCH configuration signaling.
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