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1. Introduction
The support of sub-PRB resource allocation for PUSCH is introduced in Rel-15 for a BL/CE UE. During RAN1 #92, the following agreements were made:

· For a 2 of 3 sub-carrier pi/2 BPSK transmission, the SC-FDMA symbols over which the DMRS is mapped shall provide a PAPR that is roughly the same as the PAPR of the SC-FDMA symbols not carrying DMRS.

· Cross-correlation properties for the DM-RS need to be considered.

· Note that Alt. 1 and Alt. 2 may or may not meet the above requirement
· Alt. 1: Each DMRS symbol is length-2 BPSK with DFT-S-OFDM

· Alt. 1: is the same modulation as data 

· Alt. 2: Each DMRS symbol is mapped to three sub-carriers

· Other alternative(s) are not precluded
· The DMRS sequence and DMRS RE mapping are the same as the NB-IOT DMRS design for 3 and 6 sub-carrier QPSK transmissions.

· The above is not applied to DMRS for 2 of 3 sub-carrier pi/2 BPSK transmission
· For all sub-PRB transmissions, the DMRS is transmitted in the fourth SC-FDMA symbol of the slot
· For 2 of 3 subcarriers pi/2 BPSK option, average the phase advancement across the cyclic prefix between the two tones and use this averaged phase advancement for pi/2 phase rotation

· This can be revisited if RAN4 identifies any issues
· For the 2 Sub-Carrier Pi/2 BSPK modulation, the pi/2 rotation algorithm is the same as NB-IOT pi/2 BPSK where the pi/2 rotation is not a function of the sub-carrier index.
· For 6 sub-carriers QPSK allocations, 2 non-overlapping allocations per PRB, i.e., {0, 1, 2, 3, 4, 5} and {6, 7, 8, 9, 10, 11}, will be defined

· For 3 sub-carrier QPSK allocations and 2 of 3 sub-carrier pi/2 BSPK allocations, 4 non-overlapping allocations per PRB, i.e., {0, 1, 2}, {3, 4, 5}, {6, 7, 8} and {9, 10, 11}, will be defined

· FFS: Which of the above sub-PRB allocations are granted by DCI 
· The location of the 2-of-3 subcarriers within the 3 subcarriers allocation is cell-specific 

· Use the Physical Cell ID along with a Modulo 2 operations to determine which 2 of 3 subcarriers will be used

· This can be revisited if RAN4 identifies any issues
Confirm the WA: The 2 used subcarriers shall be fixed per cell in specification
· RU Size of 6 sub-carriers QPSK option = 2 ms
· RU Size of 3 sub-carriers QPSK option = 4 ms

· 4 RVs will be used for sub-PRB transmission
· The RE mapping of sub-PRB within an RU over PUSCH is performed first within a sub-frame then across sub-frames
· Within a subframe, RE mapping is the same as legacy PUSCH.
· Frequency hopping of PRB between 2 narrowbands for sub-PRB allocation is the same as legacy. Sub-carrier locations in the PRB are the same within both narrowbands
· 6 subcarriers with SC-FDMA QPSK modulation is supported in CE mode B

· The candidates for FDD are Proposal #1, #2 and #4 for CE mode A and Proposal#1, #2, and #3 for CE mode B and down-select the candidates at RAN1#92bis

· Proposal #1:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 8 ms

· Proposal #2:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 6 ms

· Proposal #3:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 16 ms. 
· Proposal #4:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 4 ms
FFS whether the above can be reused for TDD or not 
· A maximum of 4 resource units (RUs) is supported in CE Mode A
In this contribution, we would further discuss the remaining issues about sub-PRB resource allocation for PUSCH, including the RU size definition, MCS/TBS and RU number mapping, and sub-PRB resource allocation supporting for Msg.3.
2. RU Size of 2 of 3 sub-carriers pi/2 BPSK 
As agreed in RAN1 #92 meeting, the resource unit(RU) size of 6 sub-carriers is 2ms and the RU Size of 3 sub-carriers is 4ms, which reused the RU definition in NB-IoT. As for the 2 of 3 sub-carriers pi/2 BPSK, further down selection from the following 4 candidates is needed.
· RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 8 ms
· RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 6 ms
· RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 16 ms. 
· RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 4 ms
Firstly, one unified RU size for 2 of 3 sub-carriers should be defined for both CE mode A and CE mode B. Otherwise, additional spec effort would be required. To maintain the similar resource element of different subcarrier spacings, RU size= 6ms is the best choice for 2 of 3 subcarriers resource allocation. However, to further reduce the resource fragmentation, the RU size should be kept as 2^x ms. Thus, we prefer the RU size =8ms for the 2 of 3 sub-carriers pi/2 BPSK resource allocation.
Proposal 1: Support the RU size=8ms for 2 of 3 sub-carriers pi/2 BPSK for both CE mode A and CE mode B
3. RU number mapping per transmission block(TB)
Based on current agreements, maximum 4 RUs per TB is supported in CE Mode A. Then one TB mapping to 1,2,3,4 RUs could be supported to increase the scheduling flexibility.
However, the maximum RU number per TB has not been decided in CE mode B. In legacy Rel-13 design, 1 or 2 PRBs would be allocated to PUSCH in CE mode B. By adopting the pi/2-BPSK modulation for sub-PRB resource allocation in Rel-15, the bits number per symbol is halved compared to QPSK while the supported max TBS is 936 bits. Thus, to maintain similar coding rate, a maximum of 4 RUs per TB is needed in CE mode B. And to further reduce the bit number of resource allocation in DCI, one TB mapping to 2, 4 RUs could be supported in CE mode B. Then, only 1 bit is required to indicate the number of RU.
Proposal 2: Mapping one TB to 1, 2, 3 or 4 RUs in CE Mode A
Proposal 3: Mapping one TB to 2 or 4 RUs in CE Mode B
4. MCS/TBS table for sub-PRB resource allocation

As agreed in previous meetings, it should support the 6 subcarriers with SC-FDMA QPSK modulation (at least for CE Mode A), 3 subcarriers with SC-FDMA QPSK modulation and 2 of 3 sub-carriers pi/2 BPSK modulation. The maximum TBS for sub-PRB resource allocation is 1000 bits for CE Mode A and 936 bits for CE Mode B. We’d continue to discuss the MCS/TBS table design for the sub-PRB resource allocation. 
For CE mode A, in Rel-13 PUSCH MCS/TBS table, both QPSK and 16QAM are supported. One straightforward method to support the 3/6 sub-carriers with QPSK modulation is reusing the legacy MCS/TBS table. To be specific, replace the 16QAM modulation scheme with QPSK, replace the PRB number with RU number (maximum 4 RU number) e.g. shown in table 1. However, two statuses in the MCS/TBS table would be wasted by adopting this method.
Table 1: MCS/TBS table for 3/6 sub-carriers with QPSK modulation in CE mode A
	MCS index
	Modulation scheme
	TBS index
	CE mode A

	
	
	
	PRB number RU number

	
	
	
	1
	2
	3
	4

	0
	QPSK
	0
	16
	32
	56
	88

	1
	QPSK
	1
	24
	56
	88
	144

	2
	QPSK
	2
	32
	72
	144
	176

	3
	QPSK
	3
	40
	104
	176
	208

	4
	QPSK
	4
	56
	120
	208
	256

	5
	QPSK
	5
	72
	144
	224
	328

	6
	QPSK
	6
	328
	176
	256
	392

	7
	QPSK
	7
	104
	224
	328
	472

	8
	QPSK
	8
	120
	256
	392
	536

	9
	QPSK
	9
	136
	296
	456
	616

	10
	QPSK
	10
	144
	328
	504
	680

	11
	16 QAMQPSK
	10
	144
	328
	504
	680

	12
	16QAM QPSK
	11
	176
	376
	584
	776

	13
	16QAM QPSK
	12
	208
	440
	680
	904

	14
	16QAM QPSK
	13
	224
	488
	744
	1000

	15
	16QAM QPSK
	14
	256
	552
	840
	1128


For 3/6 sub-carriers with QPSK modulation in CE mode B, directly changing the MCS/TBS table by replacing 1 PRB with 2 RUs and 2 PRBs with 4 RUs in Rel-13 PUSCH MCS/TBS table could be realized e.g. in Table 2 (with 5 reserved status).
Table 2: MCS/TBS table for 3/6 sub-carriers with QPSK modulation in CE mode A
	MCS index
	Modulation scheme
	TBS index
	CE mode B

	
	
	
	PRB number RU number

	
	
	
	12
	24

	0
	QPSK
	0
	56
	152

	1
	QPSK
	1
	88
	208

	2
	QPSK
	2
	144
	256

	3
	QPSK
	3
	176
	328

	4
	QPSK
	4
	208
	408

	5
	QPSK
	5
	224
	504

	6
	QPSK
	6
	256
	600

	7
	QPSK
	7
	328
	712

	8
	QPSK
	8
	392
	808

	9
	QPSK
	9
	456
	936

	10
	QPSK
	10
	504
	1032


However, separately new MCS/TBS table for 2 of 3 sub-carriers pi/2 BPSK modulation should be further designed. Besides, two statuses in CE mode A and 5 statuses in CE mode B are wasted based on above design. To fully using the 16 MCS/TBS statuses, one unified MCS/TBS table could be designed for 3/6 sub-carriers with QPSK modulation and 2 of 3 sub-carriers with pi/2 BPSK modulation. 
For example, use the 0~10 statuses to indicate the MCS/TBS for 3/6 sub-carriers with QPSK modulation and use the remaining 5 statuses to indicate the 2 of 3 sub-carriers pi/2 BPSK modulation. 
To be specific, for CE mode A, select the 11 MCS/TBS levels in table 1 with larger difference of coding rate for QPSK modulation. Then, select the 5 MCS/TBS levels equally for pi/2 BPSK modulation (maximum TBS is 680 with coding rate is 0.875) and form the new MCS/TBS table e.g. Table 3. Similar thoughts could be adopted in CE mode B e.g. table 4. All the 16 statuses could be used, and no more separately indication is required in DCI to indicate the 2 of 3 subcarrier spacing.
Table 3: unified MCS/TBS table for sub-carrier resource allocation in CE mode A

	MCS index
	Modulation scheme
	TBS index
	CE mode A

	
	
	
	RU number

	
	
	
	1
	2
	3
	4

	0
	QPSK
	0
	16
	32
	56
	88

	1
	QPSK
	2
	32
	72
	144
	176

	2
	QPSK
	3
	40
	104
	176
	208

	3
	QPSK
	4
	56
	120
	208
	256

	4
	QPSK
	5
	72
	144
	224
	328

	5
	QPSK
	6
	88
	176
	256
	392

	6
	QPSK
	7
	104
	224
	328
	472

	7
	QPSK
	8
	120
	256
	392
	536

	8
	QPSK
	10
	144
	328
	504
	680

	9
	QPSK
	12
	176
	376
	584
	776

	10
	QPSK
	13
	224
	488
	744
	1000

	11
	pi/2 BPSK
	0
	16
	32
	56
	88

	12
	pi/2 BPSK
	3
	40
	104
	176
	208

	13
	pi/2 BPSK
	6
	88
	176
	256
	392

	14
	pi/2 BPSK
	9
	136
	296
	456
	616

	15
	pi/2 BPSK
	10
	144
	328
	504
	680


Table 4: unified MCS/TBS table for sub-carrier resource allocation in CE mode B
	MCS index
	Modulation scheme
	TBS index
	CE mode B

	
	
	
	RU number

	
	
	
	2
	4

	0
	QPSK
	0
	56
	152

	1
	QPSK
	1
	88
	208

	2
	QPSK
	2
	144
	256

	3
	QPSK
	3
	176
	328

	4
	QPSK
	4
	208
	408

	5
	QPSK
	5
	224
	504

	6
	QPSK
	6
	256
	600

	7
	QPSK
	7
	328
	712

	8
	QPSK
	8
	392
	808

	9
	QPSK
	9
	456
	936

	10
	QPSK
	10
	504
	1032

	11
	pi/2 BPSK
	0
	56
	152

	12
	pi/2 BPSK
	1
	88
	208

	13
	pi/2 BPSK
	3
	176
	328

	14
	pi/2 BPSK
	4
	208
	408

	15
	pi/2 BPSK
	6
	256
	600


Proposal 4: Define one unified MCS/TBS table for 3/6 sub-carriers with QPSK modulation and 2 of 3 sub-carriers pi/2 BPSK modulation
· For CE mode A, use the 1~4 RUs to replace the 1~4 PRBs in in legacy Rel-13 PUSCH MCS/TBS table

· MCS/TBS index 0~10 for QPSK modulation 
· Reselect the MCS/TBS levels to support maximum 1000 bits e.g. based on the difference of coding rate
· MCS/TBS index 11~15 for pi/2 BPSK modulation

· Equally selecting the 5 MCS/TBS levels
· For CE mode B, use the 2 RUs and 4 RUs to replace the 1 PRB and 2 PRBs in legacy Rel-13 PUSCH MCS/TBS table
· Reuse legacy MCS/TBS index 0~10 for QPSK modulation
· Support maximum 936 bits

· MCS/TBS index 11~15 MCS/TBS index for pi/2 BPSK modulation

· Equally selecting the 5 MCS/TBS levels
5. sub-PRB resource allocation supporting for Msg.3
Sub-PRB resource allocation for PUSCH in Rel-15 is introduced to improve the spectrum efficiency. For legacy Msg.3 transmission, the sub-PRB resource allocation would not increase the SE efficiency significantly because of the small size. Then, EDT is the targeted use case for sub-PRB resource allocation, which allows larger data size of Msg3. However, it’s hard to activate the sub-PRB resource allocation for Msg.3 by RRC signaling in EDT because that RRC connection has not been setting up. Thus, only by changing the UL grant in RAR, can it be possible to support the sub-PRB transmission for Msg.3. Then, large spec effort and additional UE detection complexity might be introduced. Besides, further PRACH partitioning might also be needed to indicate the sub-PRB transmission in EDT, which would impact the PRACH capacity significantly. Thus, we prefer not to introduce the sub-PRB allocation for Msg.3
Proposal 5: Sub-PRB resource allocation is not supported for Msg.3
6. Conclusion
In this contribution, we analyzed and shared our consideration in the sub-PRB resource allocation for PUSCH in MTC.
Proposal 1: Support the RU size=8ms for 2 of 3 sub-carriers pi/2 BPSK for both CE mode A and CE mode B
Proposal 2: Mapping one TB to 1, 2, 3 or 4 RUs in CE Mode A

Proposal 3: Mapping one TB to 2 or 4 RUs in CE Mode B
Proposal 4: Define one unified MCS/TBS table for 3/6 sub-carriers with QPSK modulation and 2 of 3 sub-carriers pi/2 BPSK modulation
· For CE mode A, use the 1~4 RUs to replace the 1~4 PRBs in in legacy Rel-13 PUSCH MCS/TBS table

· MCS/TBS index 0~10 for QPSK modulation 

· Reselect the MCS/TBS levels to support maximum 1000 bits e.g. based on the difference of coding rate

· MCS/TBS index 11~15 for pi/2 BPSK modulation

· Equally selecting the 5 MCS/TBS levels

· For CE mode B, use the 2 RUs and 4 RUs to replace the 1 PRB and 2 PRBs in legacy Rel-13 PUSCH MCS/TBS table

· Reuse legacy MCS/TBS index 0~10 for QPSK modulation
· Support maximum 936 bits

· MCS/TBS index 11~15 MCS/TBS index for pi/2 BPSK modulation

· Equally selecting the 5 MCS/TBS levels
Proposal 5: Sub-PRB resource allocation is not supported for Msg.3
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