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1	Introduction
It was agreed RAN1#80, the following was agreed:
· 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

This contribution discusses some aspect of frequency hopping for PUSCH.

2	Discussion
There are two types of frequency hopping defined in LTE for PUSCH, namely, type-1 and type-2. In type-2 frequency hopping, the total system bandwidth is divided into two or four subbands and the subbands are selected based on a golden sequence in each suframe.  Since LC-MTC can only receive 6 PRBs, it needs up to one subframe to retune to a different subband, which causes different frequency hopping timing with the normal UE thereby leading to possible collisions. 
The low cost MTC may need hundreds of repetitions and the frequency hopping often happens for the repetitive samples unlike those for the normal UE, i.e., normal UE can receive scheduling info any time during the transmission so it is much more flexible, but LC-MTC usually has to apply frequency hopping for several hundreds of repetitions. 
Frequency selective scheduling generally requires fewer subbands, whilst frequency hopping uses more subbands to smooth the channel variation. Frequency selective scheduling also performs better than pure frequency hopping, however, it is difficult to apply frequency selective scheduling in LC-MTC operating in CE-mode due to the need of retuning and the lack of measurement report.  One way of implementing frequency selective scheduling in Coverage Enhanced mode is to assigns a set of MTC subbands in which the frequency hopping performs, and allow the eNB to change this set of frequency hopping subbands for the start of each transmission e.g., via DCI.  This set of frequency subband sequences can be indicated in the SIB or signalled to the UE via RRC configuration.   The frequency hopping sequence that the eNB selects can be based on eNB measurements of the quality of the received reference signal in the uplink or the SNR of the PUSCH itselfsin different subband (and subframes).
The PUSCH hopping can follow the generally agreed frequency hopping template for LC-MTC agreed for PDSCH in RAN1#80, i.e.:
· 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

The hopping pattern can follow a gold sequence and different LC-MTC in CE_mode may use the same sequence with an offset to avoid collision.

We evaluate the following two schemes using simulation:
· Scheme A: The eNB selects a frequency hopping sequence for each transmission based on uplink measurements of the PUSCH repetition
· Scheme B: compared Fixed frequency hopping pattern using the conventional type 2 pattern.  
For comparison, the PRB used in Scheme B is fixed at the center of each of the four subbands and subband changes every 7 usbframes (i.e. X=7), plus one subframe for frequency tuning, giving 8 subframes (Y=8). 
Four subbands are also used in Scheme A, which is similar to Scheme B for fair comparison and similarly, we use X=7 and Y=8. In Scheme A, the eNB adjusts the frequency hopping subband set after every 64 subframes. For each subbands, the eNB uses the RS in 14 subframes to evaluate the channel quality. The measurement error is modelled by a 9dB deviation normal process. 
For Scheme A the set of 4 subbands selected are based on measurement whilst for Scheme B the 4 subbands are distributed uniformly across the system bandwidth. 
The channel variation in dB is shown in Figure 1, based on the EPA 1Hz Doppler MTC channel. It can be seen that Scheme A experiences better channel variation by dynamically selecting one subband to replace the worst one out of the four subbands. By averaging the channel variation, it shows the proposed idea has more than 4dB gain over the conventional idea. This is a huge gain for link level.
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[bookmark: _GoBack]Figure 1. Performance comparison of the two typical schemes

Proposal 1: The low cost MTC frequency hopping is based on a set of configurable subbands, which can be changed by the eNB.

This set of configurable subband sequences can also be applied in the downlink.  It is agreed to support frequency for PUCCH, PDSCH/PUSCH, PRACH and MPDCCH.  One implementation is to have different subband sequence for different types of channels.
Proposal 2: Different channels can use different subband hopping sequence.

3		Conclusion
In this contribution, we discuss frequency hopping for low cost MTC UE. We propose: 
Proposal 1: The low cost MTC frequency hopping is based on a set of configurable subbands, which can be changed by the eNB
Proposal 2: Different channels can use different subband hopping sequence.
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