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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 we used. 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.   
Table 1
Simulation parameter for MPDCCH
	Parameters
	CE Mode A
	CE Mode B

	System bandwidth
	10MHz
	10MHz

	Aggregation Level
	16 ECCE
	24 ECCE

	OCNG Pattern
	[OP.2]
	[OP.2]

	Propagation condition
	EPA5
	Option 1: EPA1

Option 2: AWGN

Option 3: ETU1

	Antenna configuration and correlation matrix
	2x1 low
	2x1 low

	OFDM starting symbol (startSymbolLC)
	2
	2

	DCI format
	6-1A
	6-1B

	Number of PRB per M-PDCCH set
	4
	2+4

	Transmission
	Distributed
	Localized

	Maximum number of repetitions
	8
	256

	Frequency hopping
	Option 1: ON

Option 2: OFF
	ON

	Frequency hopping offset
	2 if ON
	2 => 1

	Number of narrowbands for frequency hopping
	2 if ON
	4

	Frequency hopping interval
	8 if ON
	16

	MPDCCH start subframe (mpdcch-startSF-UESS)
	1
	1

	UE Frequency error [Hz]
	50Hz
	100Hz

	MPDCCH narrowband (mpdcch-Narrowband)
	1
	7


2.2
MPDCCH frequency hopping parameters
RAN1 have agreed to use 2 or 4 narrowbands for MPDCCH/PDSCH transmission with frequency hopping, however it is not clear the behaviour when MPDCCH/PDSCH narrowband is collided with PSS/SSS/PBCH/SIB1 transmitted at the centre system bandwith. Figure 1 illustrates the allocation of narrowbands in the case of 10MHz system bandwidth. It is observed that NB#4 and #5 would be collided with PSS/SSS/PBCH/SIB1. From the MPDCCH/PDSCH demodulation requirement point of view, we prefer not to use these narrowbands.
For CE Mode A, RAN4 assumes 2 narrrowbands and hopping offset 2 if the frequency hopping is enabled. If we set the MPDCCH narrowband to 1, MPDCCH is transmitted on NB#1 and NB#3 in Figure 1, and it does not collide with the central region. 
For CE Mode B parameter, it is observed that the scheduled narrowbads are collided with PSS/SSS/PBCH/SIB1 if we assume 4 narrowbands and hopping offset 2 with 10MHz system bandwidth. In order to keep the frequency hopping with 4 narrowbands within 10MHz system bandwidth, we propose to set the frequency hopping offset to 1 and MPDCCH narrowband to 7. This means MPDCCH is transmitted on NB#7, NB#8, NB#1, and NB#2, and it can avoid the central region. 
Proposal 1: Frequency offset parameter is set to 1 and MPDCCH narrowband is set to 1 for MPDCCH CE Mode A. 
Proposal 2: Frequency offset parameter is set to 1 and MPDCCH narrowband is set to 7 for MPDCCH CE Mode B. 
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Figure 1
Available narrowbands for 10MHz system bandwidth. 
2.3
OCNG pattern

One more open parameter is OCNG pattern modelling allocations to other (virtual) UEs. Since Cat-M1 UE can monitor one narrowband at once and narrowband consisting of 6 contiguous resource blocks is allocated dynamically within the system bandwidth. We can see this is equivalent with two sided dynamic OCNG pattern. Therefore we propose to set OP.2 as the OCNG pattern for Cat-M1 demodulation requirement (both MPDCCH and PDSCH).  
2.4
Simulation results

2.4.1
CE Mode A
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Figure 2
MPDCCH CE Mode A simulation results. 

Table 2
Required SNR to achieve 1% of Pm-dsg for MPDCCH CE Mode A with the maximum number of repetition 8.

	
	No frequency error
	50Hz frequency error

	Disable frequency hopping
	-6.8dB
	-5.2dB

	Enable frequency hopping
	-6.2dB
	-5.5dB


Figure 2 is the MPDCCH simulation results for CE Mode A with/without UE frequency error and Table 1 summarizes the required SNR [dB] to achieve 1% of Pm-dsg for MPDCCH with 8 repetitions. With 50Hz frequency error, it is observed that the result with frequency hopping shows 0.3 dB gain compared with no frequency hopping. We don’t see this is a significant gain and therefore we propose to disable frequency hopping for CE Mode A test. 
Proposal 3: Specify MPDCCH CE Mode A demodulation requirement based on non-frequency hopping.
2.4.2
CE Mode B
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Figure 3
MPDCCH CE Mode B simulation results (AWGN). 
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Figure 4
MPDCCH CE Mode B simulation results (EPA1). 
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Figure 5
MPDCCH CE Mode B simulation results (ETU1).

Table 3
Required SNR to achieve 1% of Pm-dsg for MPDCCH CE Mode B with the maximum number of repetition 256.

	
	
	No frequency error
	100Hz frequency error

	AWGN
	Disable frequency hopping
	-17.9dB
	-14.9dB

	
	Enable frequency hopping
	-18.3dB
	-15.5dB

	EPA1
	Disable frequency hopping
	-15.2dB
	-11.3dB

	
	Enable frequency hopping
	-17.9dB
	-14.0dB

	ETU1
	Disable frequency hopping
	-16.2dB
	-12.5dB

	
	Enable frequency hopping
	-18.8dB
	-16.0dB


Figure 3, Figure 4, and Figure 5 show the MPDCCH simulation result assuming CE Mode B with AWGN, EPA1, and ETU1, respectively. Table 3 summarizes the required SNR [dB] to achieve 1% of Pm-dsg with 256 repetitions.
The simulation result shows the performance improvement with frequency hopping for EPA1 and ETU1 for large repetitions such as 128 or 256, although we don’t observe the improvement for static channel. From the demodulation requirement point of view, it is interesting to verify it and therefore we prefer to use the fading propagation channels. There is no significant difference between the result with EPA1 and ETU1, but we slight prefer to set EPA1 because the required SNR = -14.0dB with 100Hz frequency error and frequency hopping is within the assumed operating point for CE Mode B (-15dB). 
Proposal 4: Set EPA1 for propagation condition of MPDCCH CE Mode B demodulation requirement.
3
Conclusion

Proposal 1: Frequency offset parameter is set to 1 and MPDCCH narrowband is set to 1 for MPDCCH CE Mode A. 
Proposal 2: Frequency offset parameter is set to 1 and MPDCCH narrowband is set to 7 for MPDCCH CE Mode B.
Proposal 3: Specify MPDCCH CE Mode A demodulation requirement based on non-frequency hopping.
Proposal 4: Set EPA1 for propagation condition of MPDCCH CE Mode B demodulation requirement.
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