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1. Introduction
In RAN4 #78, simulation assumptions for evaluating PDSCH performance of Rel-13 eMTC were agreed [1]. Changes to simulation assumptions were agreed in RAN4 #78bis [2]. In RAN4 #79, way-forward [3] was agreed to align the simulation results better. In this contribution, we provide simulation results for HD-FDD UE demodulation performance for PDSCH in CE mode A coverage level.
2. Simulation results
We provide link level simulation results for PDSCH based on the agreed simulation assumptions. For Test 1, it was agreed to provide results with PMI reporting as well as with fixed PMI (i.e., with CodeBookSubsetRestriction bitmap 000001). The key simulation assumptions are captured in Table 1. Results for PDSCH performance with PMI reporting are shown in Figure 1.
Table 1. Simulation assumptions for PDSCH
	Parameter
	Test 1

	Reference channel
	R.77 FDD

	System bandwidth
	10 MHz

	Propagation condition
	EPA5

	Antenna configuration and correlation matrix
	2x1 Low

	Precoding granularity
	6 PRB

	PMI delay (Note 2)
	8 ms

	Reporting interval
	8 ms

	Reporting mode
	PUCCH 1-1

	CodeBookSubsetRestriction bitmap
	001111 & 000001

	PDSCH transmission mode
	6

	Coverage enhancement mode
	CE Mode A

	OFDM starting symbol (startSymbolLC)
	2

	Maximum number of repetitions
	1

	Frequency hopping
	OFF


Based on the result, we make the following proposal for Test 1
Proposal 1: The test SNR point of the 70% throughput should be at least 7.8 dB.
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Figure 1: Relative throughput in PDSCH TM6 configured without repetition in EPA5 channel (Test1)
<Result for Fixed PMI will be added later>
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Figure 2: Relative throughput in PDSCH TM6 configured without repetition in AWGN channel (Test 1 with AWGN)
To help alignment, in Figure 2, we have provided results for the scenario in Test 1 when configured with AWGN channel. 

Next, we have provided result for Test 2. The key simulation parameters used for generating the result are provided in Table 2.
Table 2: Parameters for test case 2

	Parameters
	Value

	Target SNR
	0dB to -6dB

	System bandwidth
	10MHz

	PDSCH transmission mode
	TM9 single layer

	MCS
	QPSK 1/10

	Allocated resource blocks
	6

	TBS
	152

	Max Number of HARQ retransmission
	1

	Propagation condition
	EPA5

	Antenna configuration and correlation matrix
	2x1 low

	OFDM starting symbol (startSymbolLC)
	2

	Maximum numbers of repetitions
	FFS 

	Frequency hopping
	ON

	Frequency hopping offset
	1

	Number of narrowbands for frequency hopping
	2

	Frequency hopping interval
	8


In Figure 3, we provide the results based on simulation parameters captured in Table 2. Note that, only relative throughput is shown, where throughput is relative to the maximum throughput achievable for a given TBS for that repetition factor. Based on the results, it appears that Repetition factor of 2 would be sufficient to reach the target SNR level for the given TB size of 152 bits. In case the purpose of the test is to test higher repetition factors, it is desirable that a higher TBS be used. 

Proposal 2: Repetition factor of 2 is sufficient run PDSCH Test 2. If higher repetition factor needs to be tested in Test 2, then TBS of the test needs to be increased.
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Figure 3: Relative throughput in PDSCH TM9 configured with repetition in EPA5 channel (Test 2)
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Figure 4: Relative throughput in PDSCH TM9 configured with all parameters identical to Test 2, except Rep is fixed to 8, and hopping offset and hopping intervals are varied. 
Also noteworthy is the fact that if the repetition factor is lower than the frequency hopping interval, then there would not be any gain from hopping. Additionally if the hopping offset is small and the channel is relatively frequency flat (for instance EPA), then gain from hopping is small. We have validated these hypotheses through simulation and provided results for the same in Figure 4. The results in Figure 4 are for a configuration identical to Test 2, except that the repetition factor is set to 8 and hopping offset and hooping intervals are varied. Note that, hopping offset of 5 and hopping interval of 2 has almost 0.75 dB better performance compared to the hopping offset 1 case. 
Observation 1: If performance gain from hopping needs to validated through Test 2, then the hopping offset has to be increased from 1 to a higher value. Hopping interval has to smaller than repetition factor for it provide any diversity gain.
3. Conclusion
In this contribution, we provide simulation results for demod performance of PDSCH in normal coverage. Based on the results, we make the following proposals:
Proposal 1: The test SNR point of the 70% throughput should be at least 7.8 dB.
Proposal 2: Repetition factor of 2 is sufficient run PDSCH Test 2. If higher repetition factor needs to be tested in Test 2, then TBS of the test needs to be increased.
And have the following observation:
Observation 1: If performance gain from hopping needs to validated through Test 2, then the hopping offset has to be increased from 1 to a higher value. Hopping interval has to smaller than repetition factor for it provide any diversity gain.
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