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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we have evaluated the BLER performance of PDSCH with different frequency hopping points. Based on the results, we would like to see whether more gain of frequency diversity could be obtained by more frequency hopping points.
Evaluation results
We have evaluated the BLER of PDSCH with 2 frequency hopping points and 4 frequency hopping points in large repetition. The evaluated frequency hopping pattern is all frequency hopping points are equally number of subframes and maximally spaced in frequency domain as depicted in Figure 1. During one repetition period (i.e. the number of subframes carrying same PDSCH), each frequency hopping point is hopped once and cross-subframe channel estimation with 4 subframes is used in this evaluation.  Other simulation parameters are described in Appendix A.
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Figure 1 Pattern of frequency hopping

The BLER performances at 10% and 1% are shown respectively in Table 1 and Table 2 (more details could found in Figure 2 in Appendix B).
From the obtained results, we could observe performance difference between 2 frequency hopping points and 4 frequency hopping points are zero at 10% BLER and around 0.5 dB at 1% BLER. It shows lower BLER is more sensitive to the diversity gain. The number of frequency hopping points does not make the big difference on the performance and the frequency point is not necessarily located at system bandwidth edge or maximally spaced in frequency domain since any two frequency points spacing larger than the coherence bandwidth would experience independent channel fading.
For control information in PDSCH such as SIB, 1% BLER is required. For unicast data transmission, 10% BLER is often used but to operate 1 % BLER is also useful to reduce PUCCH overhead/power consumption with the cost of the downlink resource utilization.

As the number of frequency hopping points does not make big difference on the performance, the hopping pattern design can be focused on the retuning time, multi-user multiplexing gain [3], standardization efforts, and the potential interference coordination aspects [4]. From multi-user multiplexing perspective, two frequency hopping points located on system bandwidth edges, like PUCCH-like hopping, can only support smaller number of MTC UEs. Instead, four frequency hopping points which are equally distributed in frequency domain, more like PUSCH like hopping pattern, can support larger number of MTC UEs as all frequency resources can be utilized.  In addition for large repetition case, where the resource usage is large, latency is not so important but the potential interference coordination aspect is more important. Therefore, we propose cell-specific frequency hopping design of narrowbands for large repetition which uses current PUSCH sub-band-based frequency hopping with the size  of sub-band equal to 6 and the extension of hopping interval to YCH, like proposed in [3].

[bookmark: _Ref419477070]Table 1 Required SNR (dB) at BLER=10% for PDSCH
	Number of PDSCH repetitions
	16
	64
	128

	4 subframes symbol combining with 2 frequency hopping points
	-8.6
	-12.5
	-14.1

	4 subframes symbol combining with 4 frequency hopping points
	-8.5
	-12.5
	-14.1

	Performance difference between 2 frequency hopping points and 4 frequency hopping points.
	-0.1
	0
	0


[bookmark: _Ref427078552]
Table 2 Required SNR (dB) at BLER=1% for PDSCH
	Number of PDSCH repetitions
	16
	64
	128

	4 subframes symbol combining with 2 frequency hopping points
	-5.1
	-9.4
	-10.75

	4 subframes symbol combining with 4 frequency hopping points
	-5.6
	-9.8
	-11.2

	Performance difference between 2 frequency hopping points and 4 frequency hopping points.
	0.5
	0.4
	0.45



Observation-1: The number of frequency hopping points does not make the big difference on the performance and the frequency point is not necessarily located at system bandwidth edge or maximally spaced in frequency domain. The hopping pattern design can be based on the other than link performance criteria like multi-user multiplexing gain.

Conclusion
In this contribution, we had evaluated the PDSCH BLER with different frequency hopping points. Following is observed.
Observation-1: The number of frequency hopping points does not make the big difference on the performance and the frequency point is not necessarily located at system bandwidth edge or maximally spaced in frequency domain. The hopping pattern design can be based on the other than link performance criteria like multi-user multiplexing gain.
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Appendix A: Simulation parameters
	Parameters
	Value

	Number of antennas
	2×1 with low correlation

	Transmission mode
	2

	Number of UE 
	1

	Number of repetition
	16, 64, 128

	Channel model
	EPA 1 Hz

	Frame format
	PDSCH 6 RBs

	MCS
	MCS 0

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Timing error
	Ideal

	Residual frequency offset
	Constant: 20 Hz

	Channel estimation
	CRS-based channel estimation averaged over 4-subframe

	Equalization
	MMSE

	Frequency hopping pattern (as depicted in Figure 1)
	2 frequency hopping points: In frequency domain, first half at RB index of [1: 6], and second half at RB index of [45:50].
In time domain, in the middle of the repetitions, hopping is carried out once. 
4 frequency hopping points: In frequency domain, first quarter at RB index of [1: 6], second quarter at RB index of [15: 20], third quarter at RB index of [29: 34], and fourth quarter at RB index of [45: 50].
In time domain, in the quarter of the repetitions, hopping is carried out thrice.


Appendix B: BLER performance
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[bookmark: _Ref427080500]Figure 2 PDSCH BLER with 4-subframe symbol combining and frequency hopping (residual frequency offset is constant 20 Hz)
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