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1 Introduction
In RAN4#72bis, a WF [1] was agreed upon for LC-MTC demodulation:
· Choose one test case set for demodulation of PDSCH in RAN4#73 from two options below:
· Option 1: EPA5 2x1 Low, 10MHz BW
· TM2: 1/3 QPSK, TBS=968, #RB=11
· TM4 single layer: 1/2 64QAM, TBS=408, #RB=1 
· FFS TM9 single layer: 1/2 16QAM, TBS=744, #RB=3
· No interference
· Option 2: EPA5 2x1 Low, 10MHz BW
· TM2: 1/2 16QAM, TBS=744, #RB=3
· TM4 single layer: 1/3 QPSK, TBS=504, #RB=6
· FFS TM9 single layer: 1/2 64QAM, TBS=408, #RB=1 
· No interference
· Allocated PRBs do not collide with center 6 PRBs to achieve same code rate even in SF 0 and 5

· Specify the demodulation requirement for full-duplex FDD, half-duplex FDD, and TDD
· For the full-duplex FDD and half-duplex FDD demodulation test, FRC tables assume the following UL/DL scheduling pattern. 
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Figure 1: FDD SF Allocation

· Demodulation of PHICH
· 10MHz BW
· R.19, EPA 2x1 Low, 0.1% of Pm-an
· Full-duplex FDD/Half-duplex FDD/TDD
· Demodulation of PBCH
· 1.4MHz BW
· R.22, EPA 2x1 Low, 1% of Pm-bch
· Full-duplex FDD/Half-duplex FDD/TDD
In this contribution we provide simulation results for PDSCH and PHICH demodulation. 

We also provide our views in selecting the PDSCH demodulation options.
2 Allocation Type Considerations

The FRCs proposed for the PDSCH demodulation tests are shown in table 1. 
Table 1: FRC definition for FDD and non-Special SF TDD

	
	
	Target Rate
	MCS
	TBS
	#RB
	Actual Code Rate (Note 1)

	Option 1
	TM2
	1/3 QPSK
	5
	968
	11
	0.3416

	
	TM4-1Layer
	1/2 64QAM
	 21
	408
	1
	0.5455

	
	TM9-1Layer
	1/2 16QAM
	 14
	744
	3
	0.5333 (Note 2)

	Option 2
	TM2
	1/2 16QAM
	 14
	744
	3
	0.4848

	
	TM4-1Layer
	1/3 QPSK
	 5
	504
	6
	0.3333

	
	TM9-1Layer
	1/2 64QAM
	 21
	408
	1
	 0.6000 (Note 2)


Note 1: Includes 24 bit CRC

Note 2: Includes UE-RS and does not count for CSI-RS
As can be seen from the table, the number of RB allocations are not necessary in the granularity of RBG (in the case of 10MHz system bandwidth, RBG = 3). In this case, allocation type 0 for example cannot be used in some of these cases. 
Also for number of RBs > RBG (3 in case of 10MHz), using allocation type 1 will also mean that the PRB allocations will not be contiguous in the frequency domain. 

Also, since TM4 can only use DCI format 2 (where only type 0 or type 1 allocation are allowed), we can use TM6 transmission mode instead of TM4-1layer, since TM6 can use DCI format 1B and hence allowed to use allocation type 2. 
Therefore, in order to allow the RB allocations given in table 1 and to be contiguous in frequency domain, we propose the following allocation types for each of the tests.

Table 2: Proposed Allocation Types for PDSCH Demodulation
	
	
	Target Rate
	MCS
	TBS
	#RB
	DCI Format
	Allocation Type

	Option 1
	TM2
	1/3 QPSK
	5
	968
	11
	1A
	Type 2

	
	TM4-1Layer ( TM6
	1/2 64QAM
	 21
	408
	1
	1B  (TM6)
	Type 2 (TM6)

	
	TM9-1Layer
	1/2 16QAM
	 14
	744
	3
	2C
	Type 1 (note 1)

	Option 2
	TM2
	1/2 16QAM
	 14
	744
	3
	1A
	Type 2

	
	TM4-1Layer ( TM6
	1/3 QPSK
	 5
	504
	6
	1B  (TM6)
	Type 2 (TM6)

	
	TM9-1Layer
	1/2 64QAM
	 21
	408
	1
	2C
	Type 1 (note 1)


Note 1: here using type 1 allocation is fine since the number of RBs is not more than RBG.
Proposal 1: Consider using the DCI formats and allocation types in table 2 for the PDSCH demodulation tests.

3 FDD PDSCH Demodulation
Simulation results for FDD TM2 and TM4-1Layer (TM6) are shown in figures 2 and 3, respectively, for option 1, and figures 4 and 5, respectively, for option 2. Table 3 below show the serving cell SNR at 70% peak throughput.
For all these simulations, the following was used:

· 10 MHz system bandwidth
· CFI = 2

· DCI and allocation type as in table 2
· PRB allocation not colliding with middle 6 PRBs

· SF allocation as in figure 1

· TM6 instead of TM4-1Layer is used

· PMI Feedback for TM4-1Layer (TM6) is every UL SF with delay of 8 ms
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Figure 2: TM2 (Option 1)
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Figure 3: TM4-1Layer / TM6 (Option 1)
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Figure 4: TM2 (Option 2)
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Figure 5: TM4-1Layer / TM6 (Option 2)


Table 3: FDD PDSCH SNR (dB) @ 70% Peak Throughput
	
	
	1Rx
	2Rx
	Delta (dB)

	Option 1
	TM2
	-0.40
	-3.89
	3.49

	
	TM4-1Layer (TM6)
	11.22
	7.93
	3.29

	Option 2
	TM2
	6.64
	3.30
	3.34

	
	TM4-1Layer (TM6)
	-1.53
	-4.98
	3.45


From the results, it can be seen that both options are feasible. However, we slightly prefer to adopt option 2 since the number of RBs is more in line with CQI tables discussed. 
Observation 1: Both PDSCH Demodulation options are feasible, with slight preference for option 2.
4 TDD PDSCH Demodulation

In the WF, the FRCs were defined using 2 options. However, these FRC’s didn’t include TDD special subframe. In this section we discuss TDD FRC selection including the special subframe. 
The 2 options proposed in the WF are shown in table 1.
For the TDD Special SF FRC, we can use the corresponding ones as shown in table 4. 
Table 4: FRC definition for TDD Special SF (using 2 CRS ports and CFI = 2)
	
	
	Target Rate
	MCS
	TBS
	#RB
	Actual Code Rate (Note 1)

	Option 1
	TM2
	1/3 QPSK
	4
	552
	11
	0.3333

	
	TM4-1Layer
	1/2 64QAM
	18
	328
	1
	0.5432

	
	TM9-1Layer
	1/2 16QAM
	12
	376
	3
	0.5208 (Note 2)

	Option 2
	TM2
	1/2 16QAM
	13
	440
	3
	0.5370

	
	TM4-1Layer
	1/3 QPSK
	4
	256
	6
	0.3241

	
	TM9-1Layer
	1/2 64QAM
	17
	280
	1
	0.5278 (Note 2)


Note 1: Includes 24 bit CRC

Note 2: Includes UE-RS and does not count for CSI-RS

Proposal 2: For TDD special SF FRC, consider using the parameters as in table 3 as basis for the FRC definition.
5 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).

Figures 6 and 7 show the simulation results for FDD and TDD respectively. Table 5 show the SNR @ 0.1% Pm-an.
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Figure 6: FDD PHICH Demodulation
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Figure 7: TDD PHICH Demodulation


Table 5: SNR (dB) @ 0.1% Pm-an
	 
	1Rx
	2Rx
	Delta (dB)

	PHICH - FDD
	6.48
	1.88
	4.6

	PHICH - TDD
	6.66
	2.3
	4.36


6 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 the following DCI formats and allocation types for the PDSCH demodulation tests.
	
	
	Target Rate
	MCS
	TBS
	#RB
	DCI Format
	Allocation Type

	Option 1
	TM2
	1/3 QPSK
	5
	968
	11
	1A
	Type 2

	
	TM4-1Layer ( TM6
	1/2 64QAM
	 21
	408
	1
	1B  (TM6)
	Type 2 (TM6)

	
	TM9-1Layer
	1/2 16QAM
	 14
	744
	3
	2C
	Type 1

	Option 2
	TM2
	1/2 16QAM
	 14
	744
	3
	1A
	Type 2

	
	TM4-1Layer ( TM6
	1/3 QPSK
	 5
	504
	6
	1B  (TM6)
	Type 2 (TM6)

	
	TM9-1Layer
	1/2 64QAM
	 21
	408
	1
	2C
	Type 1


Observation 1: Both PDSCH Demodulation options are feasible, with slight preference for option 2.

Proposal 2: For TDD special SF FRC, consider using these parameters as basis for the FRC definition:
	
	
	Target Rate
	MCS
	TBS
	#RB
	Actual Code Rate (Note 1)

	Option 1
	TM2
	1/3 QPSK
	4
	552
	11
	0.3333

	
	TM4-1Layer
	1/2 64QAM
	18
	328
	1
	0.5432

	
	TM9-1Layer
	1/2 16QAM
	12
	376
	3
	0.5208 (Note 2)

	Option 2
	TM2
	1/2 16QAM
	13
	440
	3
	0.5370

	
	TM4-1Layer
	1/3 QPSK
	4
	256
	6
	0.3241

	
	TM9-1Layer
	1/2 64QAM
	17
	280
	1
	0.5278 (Note 2)


Note 1: Includes 24 bit CRC

Note 2: Includes UE-RS and does not count for CSI-RS
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