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1 Introduction
In RAN4#72, a WF [1] was agreed upon for LC-MTC demodulation:
It is agreed to schedule the same subframes for downlink transmission for MTC HD-FDD and FDD demodulation tests. And the scheduling pattern in Figure 1 is agreed for MTC demodulation performance and CSI requirements except for PBCH requirement. The subframe shift for the scheduling patter is allowed for the test set up.

For the PBCH performance requirement, it is assumed that UE can receive all the subframes with PBCH transmission, i.e., subframe #0, during the simulation.
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Figure 1: Scheduling pattern for MTC UE HD-FDD and FDD performance tests

It was also agreed to introduce the following cases:

· 1Rx demodulation performance requirements for FDD, HD-FDD and TDD
· TM2 performance requirement with 2Tx;
· TM4 1-layer performance requirement with 2Tx;
· 1Rx PHICH demodulation performance requirement for FDD, HD-FDD and TDD
· 1Rx PBCH demodulation performance requirement for FDD, HD-FDD and TDD
For the demodulation performance and CSI requirements, the reference channel should comply with the RAN1 conclusions on the maximum TBs=1000 bits.

In this contribution we discuss the following:

· PDSCH FRC definition for LC-MTC
· Simulation results and discussion for PDSCH unicast cases
· Simulation results for PHICH cases
2 PDSCH Demodulation
2.1 FRC Selection

Rel 12 LC-MTC is defined as follows:

· For PDSCH unicast, the maximum number of TBS bits is 1000

· There is no limitation on the number of RBs allocated

· RBs can be localized or distributed

In this section, we propose PDSCH unicast FRC channels that are in-line with these assumptions. 

For 2 CRS ports / 2 Tx, current RAN4 specifications define FRCs for QPSK 1/3 and 16QAM 1/2. To achieve close to these coding rates with ≤ 1000 bits TBS size, we can have multiple options. 
Table 1 shows some of these options for FDD SF and non-special SF for TDD.
Table 1: Proposed FRCs for 2 CRS ports/2 Tx Unicast PDSCH (for FDD and non-Special SF), CFI = 2
	Modulation and Coding Rate
	Option
	TBS
	MCS
	#RB
	Actual Coding Rate
(note 1)

	QPSK 1/3
	1
	504
	5
	6
	0.3333

	QPSK 1/3
	2
	776
	5
	9
	0.3367

	16QAM 1/2
	1
	744
	14
	3
	0.4848

	16QAM 1/2
	2
	840
	15
	3
	0.5455




Note 1: Includes 24 bits for CRC
Table 2 shows some of the options for the special SF for TDD (using Special SF configuration = 4).
Table 2: Proposed FRCs for 2 CRS ports/2 Tx Unicast PDSCH (for Special SF TDD with configuration 4), CFI = 2
	Modulation and Coding Rate
	Option
	TBS
	MCS
	#RB
	Actual Coding Rate
(note 1)

	QPSK 1/3
	1
	256
	4
	6
	0.3240

	QPSK 1/3
	2
	328
	4
	9
	0.3333

	16QAM 1/2
	1
	376
	12
	3
	0.4629

	16QAM 1/2
	2
	440
	13
	3
	0.5369


Note 1: Includes 24 bits for CRC
Proposal 1: Consider using FRCs in tables 1 and 2 as basis for the PDSCH FRC selection for LC-MTC.
2.2 Simulation Results and Discussion
In order to define the framework for PDSCH demodulation performance, we need to study the following aspects:

· FRC options (option 1 vs. option 2)

· RB Allocation: distributed vs. localized selection

· QPSK vs. 16QAM selection

· Channel model selection

This section has simulation results that try to narrow down these options. 

Common assumptions for these simulations:

· FDD

· SF allocation as in figure 1

· 10MHz system bandwidth

· CFI = 2

· Localized PRB allocation  (unless other-wise stated)
· No RB allocation in middle 6 RBs
RB Allocation: distributed vs. localized selection

For this, we use TM2 QPSK 1/3 using an EVA5 Medium correlation channel. Figures 2.1 and 2.2 show the simulation results for TM2 6 PRB and 9 PRB allocation, respectively.
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Figure 2.1: TM2, QPSK 1/3 (6 PRBs)
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Figure 2.2: TM2, QPSK 1/3 (9 PRBs)


From the results above, it can be seen that the delta between 2Rx and 1Rx is the same whether localized or distributed PRB allocation is used. Keeping Rel 13 eMTC in mind where 1.4 MHz may be the system bandwidth and hence distributed PRB allocation will not be possible, and to minimize the gap between the Rel 12 and Rel 13 features when defining FRCs, we propose using localized PRB allocation. 
Proposal 2: Consider using localized PRB allocation for Rel 12 LC-MTC PDSCH demodulation tests.
FRC options (option 1 vs. option 2)

QPSK 1/3:
Figures 2.3 and 2.4 show the simulation results for TM4-1layer for QPSK 1/3 for EVA5 Low Corr and EPA5 High Corr, respectively. 
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Figure 2.3: TM4-1layer, QPSK 1/3, EVA5 Low Corr
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Figure 2.4: TM4-1layer, QPSK 1/3, EPA5 High Corr


Figures 2.1 to 2.4 show that the gap between 2Rx and 1Rx using QPSK option 1 and 2 is minimal. Using the same argument to reduce the gap when defining FRCs between Rel 12 MTC and Rel 13 eMTC, we propose to limit the number of PRBs to 6, hence using QPSK 1/3 option 1. 
Proposal 3: For QPSK 1/3 FRC, consider using MCS 5 with 6 PRB allocation for FDD and TDD non-special SF, and MCS 4 with 6 PRB allocation for TDD special SF for Rel 12 LC-MTC

16QAM 1/2:

Figures 2.5 and 2.6 show the simulation results for 16QAM 1/2 option 1 (MCS 14) and option 2 (MCS 15), respectively, for TM2 using EVA5 medium correlation channel. 
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Figure 2.5: TM2, 16QAM 1/2 MCS 14 (Option 1)
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Figure 2.6: TM2, 16QAM 1/2 MCS 15 (Option 2)


From these results, the 2 16QAM 1/2 options behave the same, so we can choose any of them. Option 1 has however slightly closer coding rate to the target 0.5, so it is slightly preferred.

Proposal 4: For 16QAM 1/2 FRC, consider using MCS 14 with 3 PRB allocation for FDD and TDD non-special SF, and MCS 12 with 3 PRB allocation for TDD special SF for Rel 12 LC-MTC

Modulation and Channel model selection:
In order to be consistent with the current specification and to minimize changes, we propose to re-use the same modulation and channel models for Rel 12 MTC, namely use the following:
· TM2: 16QAM 1/2 and EVA5 Medium Correlation
· TM4-1layer: QPSK 1/3 and {EVA5 Low Correlation,EPA5 High Correlation}
Proposal 5: consider using the following for Rel 12 LC-MTC PDSCH demodulation:
· TM2: 16QAM 1/2 and EVA5 Medium Correlation

· TM4-1layer: QPSK 1/3 and {EVA5 Low Correlation , EPA5 High Correlation}
3 PHICH Demodulation
In this section we show simulation results for PHICH for 1Rx vs 2Rx. The same assumptions used in the current PHICH test case for 2 Tx Antenna Ports (36.101 8.5.1.2.1 for FDD and 36.101 8.5.2.2.1 for TDD) were used with the exception of the channel model where we replaced the model with a low mobility one (EPA 5 Low Correlation) which is the same as the one used for the PBCH test.

Figures 3.1 and 3.2 show the simulation results for FDD and TDD respectively. 
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Figure 3.1: FDD PHICH Demodulation
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Figure 3.2: TDD PHICH Demodulation


4 Conclusions
In this contribution we presented our views for defining PDSCH demodulation test cases. We also provided PDSCH and PHICH simulation results.

Proposal 1: Consider using these FRCs as basis for the PDSCH FRC selection for LC-MTC.
Table 1: Proposed FRCs for 2 CRS ports/2 Tx Unicast PDSCH (for FDD and non-Special SF), CFI = 2
	Modulation and Coding Rate
	Option
	TBS
	MCS
	#RB
	Actual Coding Rate

	QPSK 1/3
	1
	504
	5
	6
	0.3333

	QPSK 1/3
	2
	776
	5
	9
	0.3367

	16QAM 1/2
	1
	744
	14
	3
	0.4848

	16QAM 1/2
	2
	840
	15
	3
	0.5455


Table 2: Proposed FRCs for 2 CRS ports/2 Tx Unicast PDSCH (for Special SF TDD with configuration 4), CFI = 2
	Modulation and Coding Rate
	Option
	TBS
	MCS
	#RB
	Actual Coding Rate

	QPSK 1/3
	1
	256
	4
	6
	0.3240

	QPSK 1/3
	2
	328
	4
	9
	0.3333

	16QAM 1/2
	1
	376
	12
	3
	0.4629

	16QAM 1/2
	2
	440
	13
	3
	0.5369


Proposal 2: Consider using localized PRB allocation for Rel 12 LC-MTC PDSCH demodulation tests.
Proposal 3: For QPSK 1/3 FRC, consider using MCS 5 with 6 PRB allocation for FDD and TDD non-special SF, and MCS 4 with 6 PRB allocation for TDD special SF for Rel 12 LC-MTC

Proposal 4: For 16QAM 1/2 FRC, consider using MCS 14 with 3 PRB allocation for FDD and TDD non-special SF, and MCS 12 with 3 PRB allocation for TDD special SF for Rel 12 LC-MTC

Proposal 5: consider using the following for Rel 12 LC-MTC PDSCH demodulation:

· TM2: 16QAM 1/2 and EVA5 Medium Correlation

· TM4-1layer: QPSK 1/3 and {EVA5 Low Correlation , EPA5 High Correlation}
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