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1	Introduction
RAN4#86 agreed to add the REFSENS requirement for sub-PRB allocation at BS RF, and define a new FRC for REFSENS for sub-PRB allocation at BS RF [1]. 
2	FRC of REFSENS for subPRB PUSCH transmission 
Figure 1 illustrates the current RAN1 assumption for 2 out of 3 sub-carriers (sub-PRB) Pi/2 transmitter. From the FRC design point of view, it is equivalent to the BPSK modulation with 2 sub-carriers (1 bit/symbol). 
[image: ]
[bookmark: _Ref508729875]Figure 1	Signal flow of 2 out of 3 sub-carriers Pi/2 PBSK transmitter.
Since one transport block transmission with 2 sub-carriers with 1ms is inefficient from resource utilization, RAN1 is discussing to introduce a ‘resource unit’ where one transport block is transmitted over several subframes, which is similar to NB-IoT UL transmission. According to RAN1 decision, it was agreed to set resource unit length to 8ms for both CE Mode A and B, and the number of RUs that can be allocated are:
· 1, 2, and 4 for CE Mode A UE
· 2 and 4 for CE Mode B UE
[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 1 shows our proposal for FRC. Since the FRC is used for REFSENS simulation and REFSENS is specifed with no repetition case, the proposed FRCs are based on the current RAN1 agreement on CE Mode A. Since RAN4 usually uses 1/3 of coding rate for REFSENS, we set the closet TBS according to the existing specification considering 24 bits CRC and 12 bits tail bits. Note RAN1 is still discussing the MCS/TBS table for sub-PRB PUSCH transmission, and therefore we choose TBS=32bits from the existing TBS table which is the closest value correspodngin to 1/3. 
[bookmark: _Ref510520823]Table 1	Proposed FRC for PUSCH REFSENS with sub-PRB transmission.
	[bookmark: _Hlk511755697]Reference channel
	Axx-1

	Diversity
	No

	Allocated resource blocks
	1

	Number of subcarriers
	2 out of 3

	[bookmark: _GoBack]DFT-OFDM Symbols per subframe
	12

	Modulation
	π/2 BPSK

	Code rate
	1/3

	MCS index
	TBD

	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
	96*2

	Total symbols per resource unit
	96*2

	Frequency offset
	0

	Number of RUs
	1

	Tx time (ms)
	8





3	References
[1] [bookmark: _Ref508638450]R4-1802543, “subPRB feature impact on BS RF”, Ericsson.
[2] R1-1803010, “efeMTC Key Issue Summary for PUSCH Sub-PRB Allocation”, Sierra Wireless.

image1.png
QPSK
symbol

1Qpsk=>
2xBPSK

DFT spread

OFDM (]

Pi/2

rotation

f

Select 2 outof3
subcarriers





