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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]As one of the objectives in Rel.13 MTC WID [1], a relative 15 dB coverage improvement in FDD is required for a new Rel-13 low complexity UE category/type for MTC operation. With the repetition over multiple subframes, the equivalent SINR after combining of repetitions would be increased to obtain the coverage enhancement in negative SNR region. Various methods to enhance the repetition gain could be adopted at both transmitter side (e.g. frequency diversity) and receiver side (e.g. channel estimation enhancement). In this document, we evaluated multiple subframe symbol combining gain and frequency hopping gain. 
Evaluation results
We have evaluated the required BLER@10% of 4-subframe symbol combining gain and frequency hopping gain as shown in Table 1 (detailed parameters including frequency hopping pattern and results could be found in Appendix). 
As shown for uplink in Fig. 2 of [2], in order to improve the reliability of channel estimation in negative SNR region, combining RS (e.g. CRS) and data from adjacent subframes is used to improve the equivalent SINR, as the channel variance in time would be rather small in MTC scenario (e.g. EPA 1 Hz). In our evaluation, the receiver combines the RS from multiple subframes and the data REs from the multiple subframes are combined respectively. The combined RS is used to obtain the improved channel estimation. Then, the combined data REs are demodulated/equalized using the combined RS. Thereby, the receiver is not required to have an additional buffer for data in order to include RSs from later subframes. The alternative would be to use only RS from past subframes, but it is difficult to obtain improved channel estimation in case of frequency hopping. Therefore, we prefer the accumulation/combination of RS and data before the demodulation/equalization. Regarding frequency hopping, we assume frequency hopping is performed every m repetitions where m is larger than or equal to n which is subframes for symbol combining, while the frequency interval of hopping subband should be larger than coherent bandwidth for obtaining frequency diversity.
From the evaluation results for 20 Hz residual frequency offset (Figure 1-3), we can see that 0.7 dB to 1.7 dB gain at BLER=10% can be obtained by 4-subframe symbol combining compared with no subframe combining depending on the number of PDSCH repetitions, and 2.6 dB to 3.2 dB can be obtained by 4-subframe symbol combining and frequency hopping compared with no subframe combining depending on the number of PDSCH repetitions. According to the results, the gain of multiple subframe symbol combining increases with the number of PDSCH repetitions, i.e. the multiple subframe symbol combining is more beneficial at higher level PDSCH repetitions, while the gain of frequency hopping would be maximized at repetition level of 16~32.
[bookmark: _Ref410310781]Table 1 Required SNR at BLER=10% for PDSCH (20 Hz residual frequency offset)
	Number of PDSCH repetitions
	1
	4
	8
	16
	32
	64
	128

	No subframe combining i.e.
single subframe channel estimation 
	1.0 dB
	-3.1 dB
	-4.8 dB
	-6.5 dB
	-8.0 dB
	-9.7 dB
	-11.4 dB

	4 subframe symbol combining i.e. channel estimation over 4 subframes
	-
	-3.8 dB
	-6.0 dB
	-7.9 dB
	-9.7 dB
	-11.4 dB
	-13.1 dB

	Gain of multiple subframe symbol combining
	-
	0.7 dB
	1.2 dB
	1.4 dB
	1.7 dB
	1.7 dB
	1.7 dB

	4 subframe symbol combining with frequency hopping
	-
	-
	-7.4 dB
	-9.6 dB
	-11.2 dB
	-12.5 dB
	-14.1 dB

	Gain of multiple subframe symbol combining and frequency hopping
	-
	-
	2.6 dB
	3.1 dB
	3.2 dB
	2.8 dB
	2.7 dB



Observation-1: With 20Hz residual frequency offset, 4 subframes symbol combining improves the PDSCH by 0.7-1.7 dB.
Observation-2: With 20Hz residual frequency offset, 4 subframes symbol combining with frequency hopping improves the PDSCH by 2.6-3.2 dB.
Based on [5], we see the range of a residual frequency error is [0, 100 Hz]. So we further evaluated 100Hz residual frequency offset as a worst case. 
From the evaluation results for 100Hz residual frequency offset (Figure 4-6), the results could be summarized in Table 2. It could be seen that frequency hopping with 4 subframe symbols combining could provide more gain around 2.8 dB while 4 subframe symbols combining could provide less than 1 dB gain. Even for the extreme condition with constant 100 Hz residual frequency offset, the symbol combining over 4 subframes and frequency hopping could increase the BLER performance.
[bookmark: _Ref419477070]Table 2 Required SNR at BLER=10% for PDSCH (100 Hz residual frequency offset)
	Number of PDSCH repetitions
	1
	4
	8
	16
	32
	64
	128

	No subframe combining i.e.
single subframe channel estimation 
	1.3 dB
	-1.3 dB
	-3.2 dB
	-5.2 dB
	-6.8 dB
	-8.5 dB
	-10.2 dB

	4 subframe symbol combining i.e. channel estimation over 4 subframes
	-
	-1.8 dB
	-3.9 dB
	-5.7 dB
	-7.4 dB
	-9.0 dB
	-11.1 dB

	Gain of multiple subframe symbol combining
	-
	0.5 dB
	0.7 dB
	0.5 dB
	0.6 dB
	0.5 dB
	0.9 dB

	4 subframe symbol combining with frequency hopping
	-
	-
	-6.5 dB
	-8.1 dB
	-9.6 dB
	-11.3 dB
	-13.0 dB

	Gain of multiple subframe symbol combining and frequency hopping
	-
	-
	3.3 dB
	2.9 dB
	2.8 dB
	2.8 dB
	2.8 dB



If frequency hopping of 6 PRBs occurs more often than every 4 ms, efficient multiple subframe channel estimation is not possible, and a disproportionate amount of time would be lost due to retuning. Therefore, we propose following.
Proposal: Frequency retuning for hopping should not occur more often than every 4 ms.
Conclusion
In this contribution, we evaluated the performance gain with multiple-subframe channel estimation and frequency hopping in PDSCH repetition. We have the following observation:
Observation-1: With 20Hz residual frequency offset, 4 subframes symbol combining improves the PDSCH by 0.7-1.7 dB.
Observation-2: With 20Hz residual frequency offset, 4 subframes symbol combining with frequency hopping improves the PDSCH by 2.6-3.2 dB.
[bookmark: _GoBack]Based on above observation, we proposal following:
Proposal: Frequency retuning for hopping should not occur more often than every 4 ms.
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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
	1, 2, 4, 8, 16, 32, 64, 128

	Channel model
	EPA 1 Hz

	Frame format
	PDSCH 6 RB

	MCS
	MCS 0

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Timing error
	Ideal

	Residual frequency offset
	Constant: 20 Hz, 100 Hz

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

	Equalization
	MMSE

	Frequency hopping pattern
	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 repetition, hopping are carried out once. 



Appendix B: Simulation results
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[bookmark: _Ref410298363]Figure 1 PDSCH BLER with 1-subframe channel estimation (residual frequency offset is 20 Hz)
[image: ]
Figure 2 PDSCH BLER with 4-subframe symbol combining 
(Note: 2-subframe symbol combining if 2-repetition, residual frequency offset is 20 Hz)
[image: ]
Figure 3 PDSCH BLER with 4-subframe symbol combining and frequency hopping once
(Note: 2-subframe symbol combining if 4-repetition and no symbol combining if 2-repetition, residual frequency offset is 20 Hz)
[image: ]
Figure 4 PDSCH BLER with 1-subframe channel estimation (residual frequency offset is 100 Hz)
[image: ]
Figure 5 PDSCH BLER with 4-subframe symbol combining (residual frequency offset is 100 Hz)
[image: ]
Figure 6 PDSCH BLER with 4-subframe symbol combining and frequency hopping once (residual frequency offset is 100 Hz)
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