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1
Introduction
RAN4#78bis agreed with the way forward on Cat-M1 UE demodulation requirements [1], where the open issues on PDSCH demodulation requirement are as follows:
· CE Mode A TM9
· SNR test point considering the sufficient MPDDCH decoding performance
· Option1: 0dB
· Option2: -6dB
· Option3:  Other value is not precluded
· Coding rate
· Option1: 1/10 (TBS=152bits)
· Option2: 1/3
· Option3: Other coding rate is not precluded
· Number of repetitions
· Select the number which can satisfy the SNR test point
· CE Mode B TM2
· SNR test point to be set to -15dB
· Propagation channel
· Three options: AWGN, ETU1, or EPA1
· Number of repetitions:
· Option1: Number to satisfy BLER=30% with the target SNR with 1/3 QPSK
· Option2: Same or longer value than MPDCCH repetition. 
· TBS size may need change
In this contribution, we discuss the open issues. 
2
Discussion
2.1
Simulation parameters

Table 1 shows the simulation parameters for Cat-M1 UE. 
Table 1
Simulation parameter for PDSCH (revised from [2])
	
	Test 2
	Test 3

	Parameters
	CE Mode A
	CE Mode B

	Target SNR [dB]
	Option 1: 0dB

Option 2: -6dB
	-15dB

	System bandwidth
	10MHz
	10MHz

	PDSCH transmission mode
	TM9 single layer
	TM2

	MCS
	[QPSK 1/10]
	[QPSK 1/10]

	Allocated resource blocks
	6
	6

	TBS
	152
	152

	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

	Maximum numbers of repetitions
	{8,16,32,64} (Note 1)
	{32,64,128,256} (Note 1)

	Frequency hopping
	ON
	ON

	Frequency hopping offset
	[1]
	[1]

	Number of narrowbands for frequency hopping
	[2]
	[4]

	Frequency hopping interval
	[8]
	[16]

	PMI delay [ms]
	N/A
	N/A

	Reporting interval [ms]
	N/A
	N/A

	Reporting mode
	N/A
	N/A

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

	UE Frequency error [Hz]
	[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
HARQ retransmission

RAN4 demodulation test requirements usually set the maximum number of HARQ transmission to 4, and our contribution in RAN4#78bis [3] also set the same value. This means the current PDSCH demodulation test implicitly applies 4 repetitions. For eMTC PDSCH demodulation test with repetitions, we may not need the HARQ retransmission. Moreover, according to RAN1 decision, the RV cycling is applied during the repetition. In the case of CE Mode A UE, RV changes every 1 subframe for FDD/TDD. For CE Mode B UE, RV changes every 4 subframes for FDD and every 10 subframes for TDD. 
Proposal 1: For eMTC demodulation requirements with repetition, set the maximum number of HARQ transmission to 1.
2.3
PDSCH TM9
Figure 1 shows the simulation results for PDSCH TM9, where we set QPSK TBS=152 bits (Coding rate: 1/10) and TBS=504 bits (Coding rate: 1/3) with repetitions {8, 16, 32, 64}. As we proposed in the previous section, we set the maximum number of HARQ transmission to 1, and RV cycling is set to RV={0,1,2,3,0,1,2,3,…} during the repetition according to RAN1 decision. 
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Figure 1
PDSCH TM9 (test 2) simulation results.
Regarding the SNR test point, we prefer to set SNR = -6dB because it is supposed to be the minimum SNR level for UE CE Mode A according to the RRM requirement discussion. Figure 1 shows that 30% BLER can be achieved with SNR= -9 ~ -10dB and 8 repetitions in the case of TBS=152 bits. On the other hand, it is observed that 30% BLER can be achieved with SNR= -7 ~ -8dB and 16 repetitions in the case of TBS=506 bits. 
As we discussed in [3], PDSCH demodulation requirement should also consider the MPDCCH decoding success rate. Especially in the coverage expansion region, MPDCCH need also repetition, As simulation results shows in [4], MPDCCH needs 32 repetitions to achieve 1% decoding error rate at SNR = -8.8dB with EPA5 and AL16 in the ideal condition. From the PDSCH demodulation test purpose, we would like to avoid larger MPDCCH repetition compared with the PDSCH repetition. Therefore we propose to set TBS = 504bits and thus set PDSCH repetitions to 16.  
Proposal 2: Set 16 repetitions and TBS=504bits for PDSCH TM9 test.
2.4
PDSCH TM2
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Figure 2
PDSCH TM2 (test 3) simulation results.

Figure 2 shows the PDSCH decoding simulation result with 0Hz/100Hz UE frequency error. As we proposed in this contribution, we set the maximum number of HARQ transmission to 1, but RV cycling is set to RV={0,0,0,0,1,1,1,1,2,2,2,2,3,3,3,3,0,0,0,0,1,1,1,1,…}. In RAN4#78 and 78bis, we discussed three propagation channel options: AWGN, EPA1, and ETU1. The AWGN result shows the required SNR is about -17dB to achieve 30% BLER with 32 repetitions and 100Hz UE frequency error. Moreover it is observed the BLER goes down to 0% drastically and it might be difficult to make alignment of 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 PBCH demodulation requirement [5].
If we assume EPA1 for the propagation channel, we propose to set 64 repetitions for PDSCH, and in our simulation result, the required SNR is about -15dB to achieve 30% BLER assuming 100Hz UE frequency error. If we see our simulation results for MPDCCH [4], MPDCCH decoding rate is less than 1% at -15dB with EPA1 and 64 repetitions. 
Proposal 3: Set 64 repetitions for PDSCH TM2 demodulation requirement.
3
Conclusion

Proposal 1: For eMTC demodulation requirements with repetition, set the maximum number of HARQ transmission to 1.
Proposal 2: Set 16 repetitions and TBS=504bits for PDSCH TM9 test.
Proposal 3: Set 64 repetitions for PDSCH TM2 demodulation requirement.
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