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1
Introduction
RAN4#78 agreed the simulation assumption for Cat-M1 UE demodulation requirements [1]. In this contribution we show our simulation results.
2
Discussion
2.1
Simulation parameters

Table 1 shows the simulation parameters for Cat-M1 UE. We have assumed 50Hz UE frequency error for CE Mode A and 100Hz frequency error for CE Mode B, as well as no frequency error case. 

We set OP.2 FDD for OCNG pattern (See [3]) and corrected coding rate to 1/10 for tests 2 and 3.
Table 1
Simulation parameter for PDSCH (revised from [1])
	
	Test 1
	Test 2
	Test 3

	Parameters
	CE Mode A
	CE Mode A
	CE Mode B

	Target SNR [dB]
	10dB
	Option 1: 0dB

Option 2: -6dB
	-15dB

	System bandwidth
	10MHz
	10MHz
	10MHz

	PDSCH transmission mode
	TM6
	TM9 single layer
	TM2

	MCS
	[16QAM 1/2]
	[QPSK 1/10]
	[QPSK 1/10]

	Allocated resource blocks
	3 (Note 2)
	6
	6

	TBS
	744
	152
	152

	OCNG pattern 
	[OP.2]
	[OP.2]
	[OP.2]

	Propagation condition
	EPA5
	EPA5
	Option 1: EPA1
Option 2: AWGN

Option 3: ETU1

	Antenna configuration and correlation matrix
	2x1 low
	2x1 low
	2x1 low

	OFDM starting symbol (startSymbolLC)
	2
	2
	2

	Maximum numbers of repetitions
	[1]
	{1,2,4,8} (Note 1)
	{1,16,32,64} (Note 1)

	Frequency hopping
	OFF
	ON
	ON

	Frequency hopping offset
	N/A
	[1]
	[1]

	Number of narrowbands for frequency hopping
	N/A
	[2]
	[4]

	Frequency hopping interval
	N/A
	[8]
	[16]

	PMI delay [ms]
	[40ms]
	N/A
	N/A

	Reporting interval [ms]
	[40ms]
	N/A
	N/A

	Reporting mode
	PUCCH 1-1
	N/A
	N/A

	DL Scheduling assumption
	See Figure 1 for information
	See Figure 2 for information
	See Figure 2 for information

	UE Frequency error [Hz]
	[50] (Note 4)
	[50]
	[100]

	Note
	
	Reuse TS36.101 Table 8.9.1.1.3.1-1 
for FDD

Reuse TS36.101 Table 8.9.1.2.3.1-1 
for TDD
	

	Note 1) The repetition is decided to satisfy BLER=30% with the target SNR.
Note 2) Assume 2 PRBs are allocated for M-PDCCH transmission 

Note 3) Assume M-PDCCH and PDSCH are scheduled in different narrowbands for tests 2 and 3.
Note 4) Companies are encouraged to investigate the degradation with 50Hz UE frequency error compared with no UE frequency error.  


2.2
DL scheduling pattern
2.2.1
CE Mode A without repetition

Figure 1 illustrates the assumption of DL scheduling pattern for CE Mode A without repetition (test 1). As shown in Table 1, the test 1 assumes 2PRB for MPDCCH and 3PRB for PDCSH. This means both channels can be transmitted on the same narrowband. According to RAN1 decision, when UE receive MPDCCH at suframe #n for the DL scheduling, the corresponding PDSCH is transmitted at suframe #n+2. After the PDSCH decoding, UE is required to transmit HARQ-ACK 4 subframe later, this corresponds to subframe #n+6. For half-duplex case, we need to consider the switching between UL and DL, and we assume 1ms for switching period including round trip time. Therefore we can assume 8ms periodicity for the DL scheduling, where MPDCCH is transmitted at the 0th subframe and PDSCH is transmitted at the 2nd subframe.   
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Figure 1
DL scheduling for CE Mode A without repetition.
2.2.2
CE Mode A with repetition and CE Mode B 

Figure 2 shows an example of DL scheduling for test 2 and test 3. Since both the test cases use repetition and frequency hopping, this example shows 2 narrowbands for frequency hopping and 16 PDSCH repetitions. If we assume frequency hopping interval is 4ms, the transmitted narrowbands position changes every 4ms. Note that the PDSCH can be scheduled on the same narrowband as MPDCCH. 
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Figure 2
Example of DL scheduling for CE Mode A with repletion and CE Mode B. 

Since PDSCH decoding requires the MPDCCH decoding success in advance, we should also assume the MPDCCH repetition. According to our simulation result [3], 1% of MPDCCH DCI 6-1A decoding failure rate can be achieved at about -7.5dB with 16 repetitions in EPA5. Since the test 2 assume the SNR=0dB or -6dB for operation point, we think it is sufficient to set 16 for MPDCCH repetition value. As same as test 1, HARQ-ACK should be transmitted 4ms after the last subframe of PDSCH transmission. For conformance test purpose, we don’t need to consider the repetition for uplink signalling because RAN5 does not assume any interference source from UE transmitter port to TE reception port.  

For test 3, according to our simulation result [3], 1% of MPDCCH DCI 6-1B decoding failure rate can be achieved at around -14dB with 256 repetitions in EPA1. We propose to set mpdcch-NumRepetition to 256 because it is the maximum possible repetition number of MPDCCH. 

Table 2 summarizes the discussion above. We will discuss the PDSCH transmission duration (repetition) later in this contribution.
Table 2
MPDCCH parameters used for PDSCH demodulation requirement. 
	
	Unit
	Test 2
	Test 3

	MPDCCH transmission duration (mpdcch-NumRepetition)
	[ms]
	16
	256

	PDSCH preparation after MPDCCH reception 
	[ms]
	1
	1

	PDSCH transmission duration
	[ms]
	RmodeA
	RmodeB

	UL transmission (including switching)
	[ms]
	5
	5

	Scheduling periodicity
	[ms]
	22+ RmodeA
	262+ RmodeB


2.3
Simulation results

2.3.1
Test 1 - CE Mode A without repetition
Figure 3 show the simulation result for test 1 and Table 3 summarizes the required SNR [dB] to achieve 30% BLER. 
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Figure 3
Simulation result of PDSCH with CE Mode A (test 1).
Table 3
Required SNR to achieve 30% of BLER for PDSCH CE Mode A (test 1).
	
	Required SNR to achieve 30% BLER

	No frequency error
	4.6dB

	50Hz frequency error
	11.0dB


2.3.2
Test 2 – CE Mode A with repetition
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Figure 4
Simulation result of PDSCH with CE Mode A (test 2).

Table 4
Required SNR to achieve 30% of BLER for PDSCH CE Mode A with repetitions (test 2).
	
	No repetition
	Repetition 2
	Repetition 4
	Repetition 8

	No frequency error
	-7.3dB
	-10.1dB
	-13.1dB
	-16.2dB

	50Hz frequency error
	-5.4dB
	-8.1dB
	-11.1dB
	-13.9dB


Figure 4 shows the PDSCH decoding simulation result with 0Hz/50Hz UE frequency error and Table 4 summarizes the required SNR [dB] to achieve 30% BLER. From the table, we cannot assume SNR=0dB for operating point because 30% BLER is achieved with -5.4dB even no repetition. Therefore we propose to assume SNR=-6dB for operating point and, in this case, we propose to set 2 repetition for PDSCH.
Proposal 1: Set 2 repetitions for PDSCH CE Mode A with repetition requirement.  
2.3.3
Test 3 – CE Mode B with repetition
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Figure 5
Simulation result of PDSCH with CE Mode B (test 3).

Table 5
Required SNR to achieve 30% of BLER for PDSCH CE Mode B with repetitions (test 3).

	
	
	No repetition
	Repetition 16
	Repetition 32
	Repetition 64

	EPA1
	No frequency error
	-6.9dB
	-16.1dB
	-18.6dB
	-21.7dB

	
	100Hz frequency error
	-4.7dB
	-13.5dB
	-15.6dB
	-18.7dB

	ETU1
	No frequency error
	-7.5dB
	-16.0dB
	-17.9dB
	-20.6dB

	
	100Hz frequency error
	-4.9dB
	-13.3dB
	-15.3dB
	-17.6dB


Figure 5 shows the PDSCH decoding simulation result with 0Hz/100Hz UE frequency error and Table 5 summarizes the required SNR [dB] to achieve 30% BLER. In RAN4#78, we discussed three propagation channel options: AWGN, EPA1, and ETU1. The AWGN result shows the required SNR is about -18dB to achieve 30% BLER with 16 repetitions and 100Hz UE frequency error. Moreover it is observed the BLER goes down to 0 drastically and it might be difficult to align the companies’ simulation results. Therefore we would like to avoid AWGN for propagation channel. 
When we compared EPA1 and ETU1, it is not observed the significant difference between two propagation channels. Our preference is to use EPA1 to align the condition with MPDCCH demodulation requirement [3]. 

When we assume EPA1 for the propagation channel, we propose to set 16 repetitions for PDSCH, and in our simulation result, the required SNR is -13.5dB to achieve 30% BLER with 100Hz UE frequency error. The reason we don’t choose 32 repetitions is because of MPDCCH decoding rate. In the previous section we discussed MPDCCH decoding success rate. If we consider 1% MPDCCH decoding failure rate, the required SNR is around -14dB with the same condition (EPA1 and 100Hz UE frequency error). For PDSCH testing in RAN5, MPDCCH decoding failure rate should be low enough. Therefore we choose 16 repetitions because the required SNR for BLER 30% is higher than -14dB. 
Proposal 2: Set 16 repetitions for PDSCH CE Mode B demodulation requirement  
2.4
MPDCCH starting subframe

Finally we discuss the MPDCCH starting subframe parameter. For test 1, we assume no repetitions for MPDCCH/PDSCH as we discussed. This means MPDCCH transmission can be scheduled every 8ms. 
For test 2, our proposal is 2 PDSCH repetitions and the scheduling periodicity becomes 24ms. When we assume most frequent PDSCH transmission, we can set mpdcch_startSF-UESS to 1.5, then MPDCCH scheduling periodicity becomes 24ms (1.5 x 16ms). For test 3, our proposal is 16 PDSCH repetitions. Considering 256 MPDSCH depetitions, we can also set mpdcch_startSF_UESS to 1.5, then MPDCCH scheduling periodicity becomes 386ms (1.5 x 256ms).
Table 6
MPDCCH starting subframe. 

	
	Unit
	Test 1
	Test 2
	Test 3

	MPDCCH transmission duration (mpdcch-NumRepetition)
	[ms]
	1
	16
	256

	PDSCH preparation after MPDCCH reception 
	[ms]
	1
	1
	1

	PDSCH transmission duration
	[ms]
	1
	2
	16

	UL transmission (including switching)
	[ms]
	5
	5
	5

	Scheduling periodicity
	[ms]
	8
	24
	278

	mpdcch-startSF_UESS
	
	8
	1.5
	1.5

	MPDCCH scheduling periodicity
	[ms]
	8
	24
	384


Proposal 3: Cat-M1 PDSCH requirement should ensure UE can decode MPDCCH without errors. 

3
Conclusion

Proposal 1: Set 2 repetitions for PDSCH CE Mode A with repetition requirement.  
Proposal 2: Set 16 repetitions for PDSCH CE Mode B demodulation requirement.
Proposal 3: Cat-M1 PDSCH requirement should ensure UE can decode MPDCCH without errors.
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