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1	Introduction
RAN4#87 agreed with the way forward on BS demodulation requirements for eFeMTC [1] as follows.
	· RAN4 will introduce new PUSCH demodulation requirements with subPRB transmission
· RAN4 will specify the demodulation requirements with 2 of 3 sub-carriers pi/2 BPSK
· FFS: CEModeA and/or CEModeB
· FFS: 3/6 subcarriers with QPSK demodulation requirements
· RAN4 will wait for RAN1 conclusion on the detailed specification
· RAN4 will introduce new PUSCH demodulation requirements for CEModeA with the following condition. Interested companies are encouraged provide the simulation results for alignment
· 8 PUSCH repetitions
· FRC A3-2 (QPSK 1/3, TBS=600bit, 6PRB)
· Bandwidth 3, 5, 10, 15, and 20MHz
· ETU200
· Antenna configuration: 1x2



In this contribution, we discuss the open issues on subPRB transmission and show simulation result for high speed scenario.  
2	Discussion
2.1	PUSCH sub-PRB allocation
2.1.1	Summary of RAN1 agreements
RAN1 completed the sub-PRB specification and it is summarized in Table 1.   
[bookmark: _Ref513805876]Table 1	Summary of PUSCH sub-PRB allocation.
	Sub-PRB allocation type
	RU size
	Modulation
	Number of Rus
	MCS/TBS

	2 of 3 subcarriers
	8ms
	Pi/2 BPSK
	1, 2, and 4 for CE Mode A
2 and 4 for CE Mode B
	8 values for MCS index (0-7)
TBS: See Table 2

	3 subcarriers
	4ms
	QPSK
	
	

	6 subcarriers
	2ms
	QPSK
	
	



[bookmark: _Ref521072769]Table 2	TBS table for subPRB PUSCH
	 I_TBS
	NPRB
	 
	 
	 
	 
	 
	
	
	

	
	1
	2
	3
	4
	5
	6
	
	
	

	0
	16
	32
	56
	88
	120
	152
	
	
	

	1
	24
	56
	88
	144
	176
	208
	
	
	

	2
	32
	72
	144
	176
	208
	256
	
	
	

	3
	40
	104
	176
	208
	256
	328
	
	
	

	4
	56
	120
	208
	256
	328
	408
	
	
	

	5
	72
	144
	224
	328
	424
	504
	
	
	

	6
	328
	176
	256
	392
	504
	600
	
	 
	1 RU

	7
	104
	224
	328
	472
	584
	712
	
	 
	2 RUs

	8
	120
	256
	392
	536
	680
	808
	
	 
	4 RUs

	9
	136
	296
	456
	616
	776
	936
	
	
	

	10
	144
	328
	504
	680
	872
	10321000
	
	
	



2.1.2	Simulation assumption of 2 of 3 sub-carriers pi/2 BPSK
Figure 1 illustrates the RAN1 assumption of 2 out of 3 sub-carriers (sub-PRB) Pi/2 transmitter [3]. From the FRC design point of view, this modulator is equivalent to the BPSK modulation with 2 sub-carriers (1 bit/symbol).
[image: ]
[bookmark: _Ref521078401]Figure 1	Signal flow of 2 out of 3 sub-carriers Pi/2 PBSK transmitter.
[bookmark: _Hlk511755779]RAN1 keeps one DMRS symbol is transmitted every slot (0.5ms) per subcarrier. This means 12 of 14 OFDM symbols per sub-carrier per subframe (1ms) can be used for PUSCH transmission in the case of normal CP. In the case of 8ms RU length, the channel bits per RU is given as 192 bits (=12 symbols/sub-carrier/1ms * 2 sub-carriers * 8ms * 1bit/symbol). 

Table 3 is our proposal of FRC for PUSCH demodulation with sub-PRB transmission. In principle it is equivalent with A16-2 specified in TS36.104 (See appendix) used for NB-IoT NPUSCH format 1 15kHz single tone. 
[bookmark: _Ref521078868]Table 3	Proposed FRC for PUSCH demodulation with sub-PRB transmission.
	Reference channel
	Axx-1

	Diversity
	No

	Allocated resource blocks
	1

	Number of subcarriers
	2 out of 3

	DFT-OFDM Symbols per subframe
	12

	Modulation
	π/2 BPSK

	Code rate
	1/3

	MCS index
	0

	Payload size (bits)
	32

	Transport block CRC (bits)
	24

	Code block CRC size (bits)
	0

	Number of code blocks - C
	1

	Total number of bits per resource unit
	192

	Total symbols per resource unit
	192

	Number of RUs
	1

	Tx time (ms)
	8



Only the difference between NB-IoT NPUSCH format 1 single tone transmission and eMTC 2 of 3 subcarriers transmission is the RV sequence pattern. In NB-IoT NPUSH format 1 single tone, DCI N0 indicates the initial RV value, RV0 or RV2. In principle, UE starts with the signaled RV and changes every RU transmission. For example, if the initial RV is set to RV2, the RV sequence is {2, 0, 2, 0, 2, …}
On the other hand, for the PUSCH subPRB allocation, DCI 6-0A (for CE Mode A) indicates the initial RV value from RV0, RV1, RV2, or RV3, and RV changes every RU transmission. For example, if the initial RV is set to RV2, the RV sequence is {2, 3, 1, 0, 2, 3, …}. For CE Mode B, no initial RV is indicated in DCI 6-0B, and the fixed RV sequence {0, 2, 3, 1, 0, …} is used. 
Table 4 is the NPUSCH format 1 15kHz single tone requirements specified in TS36.104. Since the FRC is equivalent, we think the required SNR values are same or very close to these values. For repetition number 1 scenario, if the initial RV is set to RV0, the RV sequence is also same and therefore we can reuse the same requirements. For the repetition levels 16 or 64, RAN4 may need study the performance difference due to the different RV sequence. 
[bookmark: _Ref521318321]Table 4	NPUSCH format 1 (single tone, 15kHz) demodulation requirements (TS36.104 Table 8.5.1.1.1-2). 
	Number of TX antennas
	Number of RX antennas
	Subcarrier spacing
	Number of allocated subcarriers
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Repetition number
	Fraction of  maximum throughput
	SNR
[dB]

	1
	2
	15KHz
	1
	ETU 1Hz Low
	A16-2

	1
	70%
	-2.1

	
	
	
	
	
	
	16
	70%
	-8.8

	
	
	
	
	
	
	64
	70%
	-12.6




Proposal 1: For PUSCH demodulation requirements with 2 of 3 sub-carriers pi/2 BPSK, RAN4 introduces the following new demodulation requirements by reusing the NPUSCH format 1 15kHz single tone test cases:
· CE Mode A: 1 and 16 repetitions, ETU1 1x2, FRC A16-2
· CE Mode B: 64 repetitions, ETU1 1x2 FRC A16-2
Proposal 2: For PUSCH demodulation requirements with 2 of 3 sub-carriers pi/2 BPSK, RAN4 will study the performance difference due to the RV sequence difference from NPUSCH format 1. 

2.2	PUSCH CE Mode A with high Doppler
As Rel-15 eMTC WID mentions, one of the objectives is to specify new demodulation requirements for high UE velocity in CE Mode A [2]. TS36.104 specifies one set of BS demodulation requirements for PUSCH with CE Mode A as shown in Table 5 and Table 6. We propose to specify the BS demodulation requirement by reusing the same configuration except for the propagation condition. Table 7 shows our ideal simulation results with EPA200. 

[bookmark: _Ref513803414]Table 5	Test parameter for PUSCH CE mode A
	Parameter
	unit
	Mode A

	Maximum number of HARQ transmissions
	
	4

	RV sequences
	
	0, 2, 3, 1, 0, 2, 3, 1

	Number of PUSCH repetitions
	
	8

	Frequency hopping
	
	ON

	Frequency hopping interval
	subframes
	4: FDD
5: TDD



[bookmark: _Ref513803416]Table 6	Test case for PUSCH CE Mode A
	Number of TX antennas
	Number of RX antennas
	CE Mode 
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput

	1
	2
	Mode A
	ETU 200Hz Low
	A3-2
	70%



[bookmark: _Ref521313430]Table 7	Simulation results for EPA200. 
	Channel Bandwidth
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	SNR for 70% of the maximum throughput
	-8.9
	-8.9
	-8.9
	-8.9
	-8.9



[bookmark: _GoBack]Proposal 3: RAN4 consider our simulation results for EPA200 for specifying PUSCH demodulation requirements with high Doppler scenario. 
3	Conclusion
Proposal 1: For PUSCH demodulation requirements with 2 of 3 sub-carriers pi/2 BPSK, RAN4 introduces the following new demodulation requirements by reusing the NPUSCH format 1 15kHz single tone test cases:
· CE Mode A: 1 and 16 repetitions, ETU1 1x2, FRC A16-2
· CE Mode B: 64 repetitions, ETU1 1x2 FRC A16-2
Proposal 2: For PUSCH demodulation requirements with 2 of 3 sub-carriers pi/2 BPSK, RAN4 will study the performance difference due to the RV sequence difference from NPUSCH format 1.
Proposal 3: RAN4 consider our simulation results for EPA200 for specifying PUSCH demodulation requirements with high Doppler scenario. 
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Appendix
Table A.16.1-1: FRC parameters for NB-IoT NPUSCH format 1
	Reference channel
	A16-1
	A16-2
	A16-3
	A16-4
	A16-5

	Subcarrier spacing (kHz)
	3.75
	15
	15
	15
	15

	Number of allocated subcarriers
	1
	1
	3
	6
	12

	Diversity
	No
	No
	No
	No
	No

	Modulation
	BPSK
	BPSK
	QPSK
	QPSK
	QPSK

	ITBS / IRU
	0 / 1
	0 / 1
	3 / 0
	7 / 0
	9 / 0

	Payload size (bits)
	32
	32
	40
	104
	136

	Allocated resource unit
	2
	2
	1
	1
	1

	Code rate (target)
	1/3
	1/3
	1/3
	1/3
	2/3

	Code rate (effective)

	0.29
	0.29
	0.22
	0.44
	0.56

	Transport block CRC (bits)
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	0
	0

	Number of code blocks - C
	1
	1
	1
	1
	1

	Total number of bits per resource unit
	96
	96
	288
	288
	288

	Total symbols per resource unit
	96
	96
	144
	144
	144

	Channel estimation length (ms) Note 1
	16
	4
	4
	4
	2 (when repetition = 2)
4 (when repetition > 2)

	Note 1:	Channel estimation lengths are included in the table for information only.
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