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Introduction
In the last RAN1 meeting, the definition of narrowbands for downlink and uplink system bandwidths has been discussed and agreed. In addition, it was agreed that at least in case the network supports enhanced coverage, frequency hopping for MTC-SIB1 is always used at least system bandwidth >= 5MHz. However, the main open issue is whether the frequency hopping takes place between 2 or 4 narrowbands/hops in the cell. The agreements are listed below:
Agreement at RAN1#82:
Agreement:
· All narrowbands are of a size of 6 PRBs
· Total number of DL narrowbands in the system bandwidth is fixed at [image: ]               
· Total number of UL narrowbands in the system bandwidth is fixed at [image: ]
Agreement:
· The remaining RBs are divided evenly at both ends of the system bandwidth, with the extra odd PRB for the system BW (e.g. 3, 5, and 15 MHz) located at the center of the system BW
· The narrowbands are numbered in order of increasing PRB number
Agreement:
· Confirm working assumption: At least in case the network supports enhanced coverage, frequency hopping for MTC-SIB1 is always used at least system bandwidth >= 5MHz.
· Option A: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell.
· Option B: MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands as indicated in MIB.
· Working assumption: The mentioned narrowbands are determined based on cell ID and system bandwidth. 
· Working assumption: The hopping sequence between these narrowbands is determined based on cell id and subframe index (and/or SFN).

In this contribution, we provide link level simulation results comparing the performance of frequency hopping with 2 and 4 hops in coverage enhanced mode taking into account the inter-cell interference.

Performance of frequency hopping with 2 vs 4 hops  
In the last meeting, it was discussed whether the frequency hopping for at least SIB1 takes place between only 2 hops or configurable between 2 and 4 hops in the cell. The main arguments for having 4 hops is to achieve more interference diversity gain at least for larger system bandwidths. 
Therefore, we have evaluated the performance of PDSCH frequency hopping with 2 and 4 hops using TBS 328 bits in link level simulation taking into account the inter-cell interference. The inter-cell interference is modelled in such a way that two users are hopping at the same time in the same frequency bandwidth but each user (i.e. with a different C-RNTI) is attached to a different cell (i.e. with different Cell ID). One of the users is assumed to own the desired signal and the other one is assumed to be the interfering signal. Link level simulation assumptions from [2] are captured on Table 1 in the Appendix section.
Three schemes were simulated and compared as follows:
Frequency hopping scheme with 4 hops: the hopping pattern is random in each cell so the two users will only clash some of the time (as there is 4 narrowbands/hops in 5MHz).
Frequency hopping scheme with 2 hops (i.e. mirroring scheme): the two users will always interfere with each other as both cells apply mirroring scheme at the same time. 
No frequency hopping scheme: the two users will always interfere with each other as both cells schedule same narrowband at the same time and the hopping is disabled. 

Based on the above schemes, the following three cases were simulated:
· The Interference signal is 3dB higher than the desired signal
· The Interference signal and desired signal have same power
· The Interference signal is -1.5dB lower than the desired signal

In all cases, the frequency hopping period is 8 subframes and cross-subframe channel estimation has not been performed in this simulation results. The number of simulated repetitions are 8, 16, 32, 64 and 128 with continuous time-domain transmission for coverage enhanced mode.
Figures 1 through 3 shows the BLER performance results of TBS 328 bits for EPA channel with Doppler spread of 1Hz where the interference signal and the desired signal have different power offsets of 3dB, 0dB and -1.5dB respectively. It can be seen that the gain of the frequency hopping scheme with 4 hops is larger than 2 hops due to interference diversity gain. Hence, the results clearly demonstrate the benefit of using frequency hopping scheme with 4 hops in all cases.
Observation: the results clearly demonstrate the benefit of at least using frequency hopping scheme with 4 hops in all simulated cases.

[bookmark: _GoBack]In addition, as discussed in [3], frequency hopping scheme with 2 hops (i.e. mirroring scheme) limits the multi-user multiplexing capacity as two hops locating at the edges of the system bandwidth can only multiplex two users (each with 6RBs) while frequency hopping scheme with configurable number of hops (e.g. 4/8 hops) can handle a large number of hopping UEs.
Proposal: MTC frequency hopping takes place between 2 or 4 narrowbands as indicated in MIB (Option B).


[image: ]
Figure 1. The Interference signal is 3dB higher than the desired signal.

[image: ]
Figure 2.  The Interference signal and desired signal have same power.


[image: ]
Figure 3. The Interference signal is -1.5dB lower than the desired signal.

Conclusions  
In this contribution, we have evaluated the performance of PDSCH frequency hopping with 2 and 4 hops using TBS 328 bits in link level simulation taking into account the inter-cell interference. The inter-cell interference is modelled in such a way that two users (representing the desired and interfering signals) are hopping at the same time in the same frequency bandwidth but each user is attached to a different cell. From the simulation results, it has been observed that the gain of the frequency hopping scheme with 4 hops is larger than 2 hops due to interference diversity gain.
Observation: the results clearly demonstrate the benefit of at least using frequency hopping scheme with 4 hops in all simulated cases.
Proposal: MTC frequency hopping takes place between 2 or 4 narrowbands as indicated in MIB (Option B).
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Appendix – Simulation Assumptions
Table 1. Link level Simulation Assumption (R1-144513 [2])
	Parameter
	Value 

	Number of subframes
	50000

	System bandwidth
	5 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x1

	Channel model
	EPA

	Doppler spread
	1 Hz

	Transport block size (TBS)
	328 bits

	Number of  PRBs
	6 

	Redundancy versions (RV)
	RV0

	Transmission Mode
	TM2

	Frequency error
	Not modelled

	Performance target/ Requirement
	1% BLER for SIB and 10% BLER for Unicast PDSCH

	Channel estimation
	Practical (single subframe channel estimation)

	Inter-cell interference modelling
	Two cells where each cell has one user. Each user (i.e. with a different C-RNTI) is attached to a different cell (i.e. with different Cell ID)
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