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1
Introduction

The initial eMTC PDSCH demodulation requirements for enhanced coverage were approved at RAN plenary (RAN#72) in Busan and are now in TS 36.101 [1].  There were also further CRs agreed at RAN4#80 on the PDSCH demodulation requirements for the TM2/TM9 tests and the TM6 tests [2], [3]. There were also other agreements on the way forward for the UE demodulation requirements at RAN4#79 and RAN4#80 [4], [5], [6].
It was agreed to study the following PDSCH evaluation simulations:

1. TM6/TM2 CE Mode A 
2. TM9 CE Mode A

3. TM2 CE Mode B
TM6/TM2 CE Mode A
The alignment study in the Way Forward specified the following steps [4]:
· Step 1: provide the TM6 with fixed PMI simulation results for alignment
· PMI=0, without repetition
· Step 2: Provide the TM2 simulation results for alignment purpose
· Without repetition
· Step 3: provide the TM6 simulation results without repetition
· PMI feedback periodicity with PUCCH 1-1: [8ms] 

Subsequently this has been modified in a further Way Forward as follows [6]:
Scheduling pattern for PDSCH TM6 test and CQI definition test (No repetition)
· Option 1: 10ms periodicity, 5ms for DL, 1ms gap, 3ms for UL, 1ms for gap
· Option 2: 8ms periodicity, 1ms for MPDCCH, 1ms for gap, 1ms for PDSCH, 1ms gap, 3ms for UL, 1m for gap
TM9 CE Mode A
The number of options for the TM9 CE Mode A simulations has been reduced as follows [6]:
· TBS and repetition number for TM9 in CE Mode A
· Option 1: 152bits and 2 repetition (SNR=-5.7dB)
· Option 2: 504bits and 8 repetition (SNR=-3.3dB)
· Option 3: 504bits and 16 repetition (SNR=-6.4dB)
· Note: The SNR values above are based on the ideal simulation results
The simulation results that we present in this document are the UE demodulation performance for CE Mode A.  The results for TM6/TM2 CE Mode A are detailed in section 2.1 and the results for TM9 in CE Mode A are in section 2.2.
2
Simulation results
2.1
Simulation results for TM6/TM2
The results in this section are for TM6/TM2 and are based on the evaluation assumptions that were agreed in the documents referenced in section 1.
The PDSCH ideal simulation results for TM6/TM2 are shown in Figure 1.  For the simulations with PMI feedback both the 8ms and 10ms period scheduling patterns are shown.  In addition, the results with 0Hz frequency offset and 50Hz frequency offset are shown for each case.

Figure 1 – PDSCH throughput for TM2/TM6 alignment
The metric that is required is the SNR when the throughput is at the 70% test point of the maximum throughput.  The metrics are summarised in Table 1 (for 0Hz frequency offset) and Table 2 (for 50Hz frequency offset).
Table 1 – PDSCH throughput for TM2/TM6 (0Hz frequency offset)
	Scenario
	Description
	Metric
	Test point
	SNR

	PDSCH FDD
	TM6 16QAM 1/2 (TBS=744bits) No Repetition, Fixed PMI=0, EPA5
	Throughput % of max
	70%
	9.5

	PDSCH FDD
	TM2 16QAM 1/2 (TBS=744bits) No Repetition, EPA5
	Throughput % of max
	70%
	7.7

	PDSCH FDD
	TM6 16QAM 1/2 (TBS=744bits) No Repetition, PMI feedback with PUCCH 1-1, EPA5, 8ms schedule pattern
	Throughput % of max
	70%
	6.0

	PDSCH FDD
	TM6 16QAM 1/2 (TBS=744bits) No Repetition, PMI feedback with PUCCH 1-1, EPA5, 10ms schedule pattern
	Throughput % of max
	70%
	6.2


Table 2 – PDSCH throughput for TM2/TM6 (50Hz frequency offset)
	Scenario
	Description
	Metric
	Test point
	SNR

	PDSCH FDD
	TM6 16QAM 1/2 (TBS=744bits) No Repetition, Fixed PMI=0, EPA5
	Throughput % of max
	70%
	9.8

	PDSCH FDD
	TM2 16QAM 1/2 (TBS=744bits) No Repetition, EPA5
	Throughput % of max
	70%
	7.9

	PDSCH FDD
	TM6 16QAM 1/2 (TBS=744bits) No Repetition, PMI feedback with PUCCH 1-1, EPA5, 8ms schedule pattern
	Throughput % of max
	70%
	6.1

	PDSCH FDD
	TM6 16QAM 1/2 (TBS=744bits) No Repetition, PMI feedback with PUCCH 1-1, EPA5, 10ms schedule pattern
	Throughput % of max
	70%
	6.3


It can be seen by comparing Table 1 and Table 2 that the frequency offset has a small effect (less than 0.35dB) in all cases, at least for the TBS that is being considered in the test.  Secondly the difference between the scheduling pattern of 8ms and 10ms is also small (the red and black graphs in figure 1).  Therefore, it should not matter which scheduling pattern is chosen for the requirements test.
Observation 1:  The frequency offset of 50Hz has a negligible effect for TM6 and TM2 at TBS=744 bits.
Observation 2: For TM6 there is very little difference in throughput between a scheduling pattern of 8ms and 10ms.
2.2
Simulation results for TM9

The results in this section are for TM9 and are based on the evaluation assumptions that were agreed in the documents referenced in section 1.  To make some of the evaluation assumptions explicit, we have assumed that:

· There is no cross-subframe channel estimation
· The random beam former remains static for the hopping duration
· The PRG size is 1 PRB
The PDSCH ideal simulation results for TM9 are shown in Figure 2 and Figure 3 for a frequency offset of 0Hz and 50Hz respectively.  A full set of {1, 2, 4, 8, 16, 32} repetitions are shown for:
· MCS0 6PRB, which corresponds to 152 bits (solid lines in the figures)

· MCS5 6PRB, which corresponds to 504 bits (dashed lines in the figures)
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Figure 2 – PDSCH throughput for TM9, 0Hz frequency offset
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Figure 3 – PDSCH throughput for TM9, 50Hz frequency offset

The same metric is used as in the case for TM6/TM2 i.e. the SNR when the throughput is at the 70% test point of the maximum throughput.  The metrics are summarised in Table 3 (for 0Hz frequency offset) and Table 4 (for 50Hz frequency offset).  Note that these are the reduced set of options as described in section 1 [6].  The full set of metrics for all repetition values are shown in the Appendix in Table 5 and Table 6.
Table 3 – PDSCH throughput for TM9 (0Hz frequency offset)
	Scenario
	Description
	Metric
	Test point
	SNR

	PDSCH FDD
	TM9 QPSK 1/10 (TBS=152bits) Rep=2, EPA5
	Throughput % of max
	70%
	-4.3

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=8, EPA5
	Throughput % of max
	70%
	-5.0

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=16, EPA5
	Throughput % of max
	70%
	-7.7


Table 4 – PDSCH throughput for TM9 (50Hz frequency offset)
	Scenario
	Description
	Metric
	Test point
	SNR

	PDSCH FDD
	TM9 QPSK 1/10 (TBS=152bits) Rep=2, EPA5
	Throughput % of max
	70%
	-4.2

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=8, EPA5
	Throughput % of max
	70%
	-4.9

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=16, EPA5
	Throughput % of max
	70%
	-7.6


It can be seen by comparing Table 3 and Table 4 that the frequency offset has a small effect in all cases, at least for the TBSs that are being considered in the test.

Observation 3:  The frequency offset of 50Hz has a negligible effect for TM9 at TBS=504 bits.
3
Conclusion 
In this contribution we have provided simulation results for PDSCH in accordance with the agreed evaluation assumptions.  These results have been used to give the throughput metric at the 70% test point for the required rates and repetitions.
In addition, we make the following observations:
Observation 1:  The frequency offset of 50Hz has a negligible effect for TM6 and TM2 at TBS=744 bits.

Observation 2: For TM6 there is very little difference in throughput between a scheduling pattern of 8ms and 10ms.
Observation 3:  The frequency offset of 50Hz has a negligible effect for TM9 at TBS=504 bits.
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5
Appendix
The full set of metrics for the TM9 results is given here.
Table 5 – PDSCH throughput for TM9 (0Hz frequency offset)
	Scenario
	Description
	Metric
	Test point
	SNR

	PDSCH FDD
	TM9 QPSK 1/10 (TBS=152bits) Rep=1, EPA5
	Throughput % of max
	70%
	-1.8

	PDSCH FDD
	TM9 QPSK 1/10 (TBS=152bits) Rep=2, EPA5
	Throughput % of max
	70%
	-4.3

	PDSCH FDD
	TM9 QPSK 1/10 (TBS=152bits) Rep=4, EPA5
	Throughput % of max
	70%
	-6.5

	PDSCH FDD
	TM9 QPSK 1/10 (TBS=152bits) Rep=8, EPA5
	Throughput % of max
	70%
	-8.4

	PDSCH FDD
	TM9 QPSK 1/10 (TBS=152bits) Rep=16, EPA5
	Throughput % of max
	70%
	-10.6

	PDSCH FDD
	TM9 QPSK 1/10 (TBS=152bits) Rep=32, EPA5
	Throughput % of max
	70%
	-12.5

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=1, EPA5
	Throughput % of max
	70%
	3.2

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=2, EPA5
	Throughput % of max
	70%
	0.0

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=4, EPA5
	Throughput % of max
	70%
	-2.7

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=8, EPA5
	Throughput % of max
	70%
	-5.0

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=16, EPA5
	Throughput % of max
	70%
	-7.7

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=32, EPA5
	Throughput % of max
	70%
	-9.7


Table 6 – PDSCH throughput for TM9 (50Hz frequency offset)
	Scenario
	Description
	Metric
	Test point
	SNR

	PDSCH FDD
	TM9 QPSK 1/10 (TBS=152bits) Rep=1, EPA5
	Throughput % of max
	70%
	-1.7

	PDSCH FDD
	TM9 QPSK 1/10 (TBS=152bits) Rep=2, EPA5
	Throughput % of max
	70%
	-4.2

	PDSCH FDD
	TM9 QPSK 1/10 (TBS=152bits) Rep=4, EPA5
	Throughput % of max
	70%
	-6.3

	PDSCH FDD
	TM9 QPSK 1/10 (TBS=152bits) Rep=8, EPA5
	Throughput % of max
	70%
	-8.3

	PDSCH FDD
	TM9 QPSK 1/10 (TBS=152bits) Rep=16, EPA5
	Throughput % of max
	70%
	-10.6

	PDSCH FDD
	TM9 QPSK 1/10 (TBS=152bits) Rep=32, EPA5
	Throughput % of max
	70%
	-12.4

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=1, EPA5
	Throughput % of max
	70%
	3.4

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=2, EPA5
	Throughput % of max
	70%
	-0.0

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=4, EPA5
	Throughput % of max
	70%
	-2.6

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=8, EPA5
	Throughput % of max
	70%
	-4.9

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=16, EPA5
	Throughput % of max
	70%
	-7.6

	PDSCH FDD
	TM9 QPSK 1/3 (TBS=504bits) Rep=32, EPA5
	Throughput % of max
	70%
	-9.6



