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[bookmark: _Ref349588338]1. Introduction
In RAN 1 #92, there are many agreements as following [1]:
Agreement on DMRS
· 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
Agreement on resource allocation
· 6 subcarriers with SC-FDMA QPSK modulation is supported in CE mode B 
· [bookmark: _Hlk507503937]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
Agreement on RU size
· RU Size of 6 sub-carriers QPSK option = 2 ms
· RU Size of 3 sub-carriers QPSK option = 4 ms
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 
Agreement on RU number
· A maximum of 4 resource units (RUs) is supported in CE Mode A 
Agreement on pi/2 phase rotation
· 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.
Agreement on 2 used subcarriers for 2 of 3 subcarriers pi/2 BPSK 
· The 2 used subcarriers shall be fixed per cell in specification
· The location of the 2-of-3 subcarriers within the 3 subcarrier allocation is cell-specific 
· Use the Physical Cell ID along with a Modulo 2 operation to determine which 2 of 3 subcarriers will be used
· This can be revisited if RAN4 identifies any issues
Agreement on RE mapping 
· 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.
Agreement on RV
· 4 RVs will be used for sub-PRB transmission
Agreement on frequency hopping
· 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
However, there are still many open issues, e.g. RU size for 2 of 3 subcarriers pi/2 BPSK, details on DCI design, cyclic repetition, power control, collision of UCI and PUSCH, sub-PRB allocation for Msg3 and etc. This contribution discussed remaining issues of sub-PRB allocation for eFeMTC. 
2. Remaining issues of Sub-PRB Allocation for PUSCH
2.1. RU sizes for 2 of 3 subcarriers pi/2 BPSK
In the last meeting, RU sizes for 6 subcarriers QPSK and 3 subcarriers QPSK are agreed as 2ms and 4ms respectively. For 2 of 3 subcarrier pi/2 BPSK, RU sizes should be down selected from {8, 6, 4} ms and {8, 6, 16}ms for CE Mode A and CE Mode B respectively. 
For 2 of 3 subcarriers pi/2 BPSK, only 2 subcarrier are actually used. If keeping the same RE number within a RU as 3/6 subcarriers Q	PSK, i.e., overall 168REs, RU size is 4ms. However, BPSK modulation is used for 2 of 3 subcarriers, there will be a much higher coding rate than 3/6 subcarriers for the same TBS. The much higher coding rate needs more repetitions and more RVs when coding rate is larger than 1. By extending RU size to 8ms, the coding rate can be reduced to support a large TBS with a moderate coding rate. Therefore, 8ms RU size for 2 of 3 subcarrier pi/2 BPSK is preferred for CE Mode A.
[bookmark: OLE_LINK1]For CE Mode B, the same RU size as CE Mode B can be used considering a unified MCS/TBS table can be used for both CE Mode A and CE Mode B, as analysed in following section on MCS/RU/TBS table design. Though 16ms RU size can further reduce coding rate, such long TTI duration may impact spectrum efficiency and peak data rate especially for a small TBS. Therefore, 8ms RU size for 2 of 3 subcarrier pi/2 BPSK is also preferred for CE Mode B.
Proposal #1: 8ms RU size for 2 of 3 subcarriers pi/2 BPSK is preferred for both CE Mode A and CE Mode B.
2.2. DCI design 
For DCI design, main issues include resource allocation, MCS/RU/TBS and repetition number. These issues are discussed in following paragraphs, and a DCI table is finally summarized based on the discussion.

Resource allocation
As agreed in the last meeting, there are 2 candidates for 6 subcarriers allocation, i.e., {0, 1, 2, 3, 4, 5} and {6, 7, 8, 9, 10, 11}, and 4 candidates for 3 subcarriers allocation i.e., {0, 1, 2}, {3, 4, 5}, {6, 7, 8} and {9, 10, 11}. To support enough flexibility of resource utilization, all of these sub-PRB allocations should be supported in DCI grant. In addition, a flexible scheduling for both sub-PRB allocation and PRB-level allocation should be supported considering pairing restriction of sub-PRB allocation within a PRB. For PRB-level allocation, legacy PRB-level allocation should be preserved to provide more flexibility besides 1 PRB allocation. 
For CE Mode A, one method could be to introduce 1 more bit to indicate legacy resource allocation or new resource allocation with sub-PRB. It helps to provide a clean DCI for sub-PRB allocation. For instance, legacy DCI format 6-0A contains several indication fields that may not be needed for sub-PRB allocation, e.g., SRS request, TPC command and so on. They can be invisible for sub-PRB allocation and the saved bits can be used for sub-PRB allocation, without introducing any other bits to DCI. 
Proposal #2: Introduce 1 bit to differentiate sub-PRB allocation and full-PRB allocation for CE Mode A.
For CE Mode B, the legacy DCI is compact enough even for sub-PRB allocation. There is no benefit to have 1 more bit to indicate legacy resource allocation or sub-PRB allocation. Considering 4 candidates for 3 subcarriers allocation, 2 candidates for 6 subcarriers allocation, and 1 candidate for 12 subcarriers allocation, there are at least (4+2+1)*6=42 status for resource allocation within a narrowband, i.e., 6 bits are required.. Thus, current 3 bits field of resource allocation within a narrowband needs to be extended to 6 bits. Therefore, for CE Mode B, enlarging the DCI payload with 3 more bits for sub-PRB resource assignment is preferred. 
Proposal #3: Extend current resource allocation field by 3 bits for CE Mode B.
To support sub-PRB allocation, it needs to indicate narrowband index, PRB index within the assigned narrowband, and subcarrier indices within the assigned PRB. The indication bits of narrowband index can be inherited from legacy. For resource allocation within a narrowband, a combined indication of PRB index and subcarrier index can be considered, as show in Table 1 for CE Mode B. 
It takes 24 states and 12 states to indicate all possible locations within an indicated narrowband for 3-subcarrier and 6-subcarrier, respectively. The remaining spared states can be used to indicate the PRB level allocation, e.g., 1-PRB and 2-PRB allocations. By this means, the DCI format 6-0B for sub-PRB mode can support all the possible allocation cases, including sub-PRB allocations and 1-PRB and 2-PRB allocations that legacy DCI format 6-0B provides. In fact, if the system load is not heavy, eNB tends to schedule 2 PRBs for the UE to support larger TBS with the same transmission duration. The benefit from the design in Table 1 is that, a CE Mode B UE configured with sub-PRB feature, is not necessary to be reconfigured to legacy CEModeB for higher data rate by higher layer signaling, which provides sufficient flexibility for eNB scheduler. 
For CE Mode A, the combined indication of PRB index and subcarrier index can be considered to achieve a unified solution. And, only the first 36 status are used since 1 more bit is introduced to differentiate sub-PRB allocation and legacy resource allocation, i.e. PRB-level allocation, as discussed in above paragraph on proposal #2.
Proposal #4: Combined indication of PRB index and subcarrier index can be considered for both CE Mode A and CE Mode B. 
Table.1 Indication of resource assignment within a narrowband for CE Mode B
	Resource assignment indication () 
	Assigned subcarrier index ()

	0-23 (24 states)
	，
where,  is the -th subcarrier in the -th PRB of the indicated narrowband. 

	24-35 (12 states)
	，
where,  is the -th subcarrier in the -th PRB of the indicated narrowband.

	36-41 (6 states)
	，
where,  is the -th subcarrier in the -th PRB of the indicated narrowband.

	42-44 (3 states)
	，
where,  is the -th subcarrier in the -th PRB of the indicated narrowband.



When 3 subcarriers are allocated to a UE, two different transmissions can be scheduled. One is 3-subcarrier transmission using QPSK; the other is the transmission with 2 adjacent subcarriers out of the 3 allocated subcarriers using Pi/2-BPSK. To support two transmissions under the same allocation, at least 1 indication bit will be introduced. Since the modulation schemes are different with 2-subcarrier transmission and 3-subcarrier transmission, it could be 1-bit indication of QPSK or Pi/2-BPSK for determining the number of subcarriers used for transmission.
Proposal #5: Introduce 1 bit indication for QPSK or Pi/2-BPSK when 3 subcarriers are allocated.
MCS/RU/TBS
As agreed in RAN1#91 meeting, for sub-PRB allocation, the maximum TBS is 1000 bits and 936 bits for CE Mode A and CE Mode B respectively, with maximum 2 or 4 RUs. The maximum TBS for CE Mode A and CE Mode B are close and neither of them exceeds the maximum TBS of legacy CE Mode B. One unified TBS table for both CE Mode A and CE Mode B with sub-PRB allocation can be considered, which can be designed with reference to legacy CE Mode B.
Proposal #6: Design one unified TBS table for both CE Mode A and CE Mode B with sub-PRB allocation.
[bookmark: OLE_LINK163][bookmark: OLE_LINK164][bookmark: OLE_LINK27]For legacy CE Mode B, the TBS is determined according to the MCS index  and the number of allocated PRBs, as shown in Table 2. The TBS ranges from 56 bits to 1032 bits, with the same modulation scheme of QPSK. When the  is large, the coding rate can exceed 1, e.g.,  with 1 allocated PRB, and  with 2 allocated PRBs. In these cases, it requires the combination of multiple RVs of the same transmission block at eNB receiver. For CE Mode B, the RV is cycled every  consecutive subframes, where  for FDD, and  for TDD. It implies that these large TBS at least needs  repetitions (may need more repetitions depending on how many RVs are needed for combination), which is 8 and 10 repetitions for FDD and TDD, respectively. Since the repetition number smaller than  cannot be configured for these large TBS, the granularity of repetition number configuration will be sacrificed, and the maximum data rate that can be achieved in CE Mode B is not as large as expected.
Table.2 Legacy TBS table for CE Mode B
	MCS index 
	Modulation
	TBS index 
	TBS

	
	
	
	 = 1
	Coding rate
	 = 2
	Coding rate

	0
	QPSK
	0
	56
	0.28
	152
	0.31

	1
	QPSK
	1
	88
	0.39
	208
	0.40

	2
	QPSK
	2
	144
	0.58
	256
	0.49

	3
	QPSK
	3
	176
	0.69
	328
	0.61

	4
	QPSK
	4
	208
	0.81
	408
	0.72

	5
	QPSK
	5
	224
	0.86
	504
	0.83

	6
	QPSK
	6
	256
	0.97
	600
	1.08

	7
	QPSK
	7
	328
	1.22
	712
	1.28

	8
	QPSK
	8
	392
	1.44
	808
	1.44

	9
	QPSK
	9
	456
	1.67
	936
	1.67

	10
	QPSK
	10
	504
	1.83
	1032
	1.83



In the design of TBS table for sub-PRB allocation, coding rate should be reduced to a reasonable range to avoid above restriction caused by very high coding rate in legacy TBS table for CE Mode B. One straight forward method is to enlarge the maximum RU number for sub-PRB allocation, and the value can be larger than 2 which is used in legacy TBS table in CE Mode B. In the last meeting, the maximum RU number is agreed as 4 for CE Mode A, and FFS for CE Mode B. For CE Mode B, a maximum of 4 RUs is also necessary to achieve a reasonable coding rate to support a large TBS. For example, mapping one TB to 4 RUs rather than 2 RUs, with QPSK modulation, coding rate can be reduced to a half, e.g., from 1.67 to 0.83 for 936 bits, and from 1.77 to 0.89 for 1000 bits. By mapping one TB to 4 RUs, the reduced coding rate will not exceed 1 and there won’t be any restriction on repetition number.
Proposal #7: A maximum of 4 RUs is supported for CE Mode B. 
To avoid introducing additional bits for the indication of RU number in DCI, RU number can be associated with TBS index, as shown in Table 2 and 3 for 3/6 subcarriers QPSK and 2 of 3 subcarriers pi/2 BPSK respectively. For 3/6 subcarriers QPSK, as showed in table 3, all of the TBS values for  = 1 in legacy CE Mode B are retained, wherein 5 and 6 TBS values are associated with 1 RU and 2 RUs respectively. The spared 5 states of legacy MCS field can be used to support a larger TBS, which is supported with 2 PRBs in legacy CE Mode B and now with 4 RUs in sub-PRB allocation. This TBS table 2 covers most of the TBS values provided by the legacy TBS table in CE Mode B with a reasonable coding rate not larger than 1. In addition, current MCS/TBS field needn’t be extended, and an additional field for RU number can be saved. As for 2 of 3 subcarriers pi/2-BPSK, another MCS/TBS table shall be specified since both modulation order and the overall number of REs within a RU are different from 3/6 subcarriers QPSK. As showed in table 3, the similar design rule combining RU and TBS can be used. To support the maximum TBS value, the coding rate of 3 larger TBSs exceed 1. For these TBSs, configuration of repetition number may have some restriction. 
Proposal #8: Use a MCS/RU/TBS table combining RU and TBS for sub-PRB allocation.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Table.3 MCS/RU/TBS table for 3/6 subcarriers QPSK
	MCS/TBS index
	Modulation
	TBS
	
	Coding rate

	0
	QPSK
	56
	1
	0.28

	1
	QPSK
	88
	
	0.39

	2
	QPSK
	144
	
	0.58

	[bookmark: _Hlk510444135]3
	QPSK
	176
	
	0.69

	4
	QPSK
	208
	
	0.81

	5
	QPSK
	224
	
	0.86

	[bookmark: _Hlk510444240]6
	QPSK
	256
	2
	0.49

	7
	QPSK
	328
	
	0.61

	[bookmark: _Hlk510443683]8
	QPSK
	392
	
	0.72

	9
	QPSK
	456
	
	0.83

	10
	QPSK
	504
	
	0.92

	11
	QPSK
	600
	4
	0.54

	12
	QPSK
	712
	
	0.64

	[bookmark: _Hlk510444642]13
	QPSK
	808
	
	0.72

	14
	QPSK
	936
	
	0.83

	15
	QPSK
	1000
	
	0.89



Table.4 MCS/RU/TBS table for 2 of 3 subcarriers pi/2 BPSK
	MCS/TBS index
	Modulation
	TBS
	
	Coding rate

	0
	pi/2-BPSK
	56
	1
	0.42

	1
	pi/2-BPSK
	88
	
	0.58

	2
	pi/2-BPSK
	144
	
	0.88

	3
	pi/2-BPSK
	176
	2
	0.52

	4
	pi/2-BPSK
	208
	
	0.60

	5
	pi/2-BPSK
	224
	
	0.65

	6
	pi/2-BPSK
	256
	
	0.73

	7
	pi/2-BPSK
	328
	
	0.92

	8
	pi/2-BPSK
	392
	4
	0.54

	9
	pi/2-BPSK
	456
	
	0.63

	10
	pi/2-BPSK
	504
	
	0.69

	11
	pi/2-BPSK
	600
	
	0.81

	12
	pi/2-BPSK
	712
	
	0.96

	13
	pi/2-BPSK
	808
	
	1.08

	14
	pi/2-BPSK
	936
	
	1.25

	15
	pi/2-BPSK
	1000
	
	1.33




Repetition number
In the RAN1#90bis meeting, the maximum total number of valid subframes for transmission is agreed as 32 subframes and 2048 subframes for CE Mode A and CE Mode B respectively, since the required transmission subframe number for sub-PRB allocation approximates to that for full-PRB allocation to achieve the same coverage. Thus, the maximum repetition number will be scaled with  , where  is RU number and  is RU size. The scaled maximum repetition number is calculated in table 4 and table 5 for CE Mode A and CE Mode B respectively.
Table.4 Maximum repetition number for sub-PRB allocation for CE Mode A
	
	RU size
	Maximum repetition number for 1 RU
	Maximum repetition number for 2 RUs
	Maximum repetition number for 4 RUs

	6 subcarriers 
	2ms
	16
	8
	4

	3 subcarriers
	4ms
	8
	4
	2

	2 of 3 subcarriers
	8ms
	4
	2
	1



Table.5 Maximum repetition number for sub-PRB allocation for CE Mode B
	
	RU size
	Maximum repetition number for 1 RU
	Maximum repetition number for 2 RUs
	Maximum repetition number for 4 RUs

	6 subcarriers 
	2ms
	1024
	512
	256

	3 subcarriers
	4ms
	512
	256
	128

	2 of 3 subcarriers
	8ms
	256
	128
	64



For both CE Mode A and CE Mode B, DCI indicates a repetition number within a configured set, where the set is determined by the RRC parameter ‘pusch-maxNumRepetitionCEmodeA’ and ‘pusch-maxNumRepetitionCEmodeB’. The legacy mechanism combining RRC parameter and DCI indication can be reused. Since maximum repetition number is dependent on RU size with the same subframe number, the legacy meaning of  the RRC parameter need to reinterpreted. For example, the parameter ‘pusch-maxNumRepetitionCEmodeA/B’ denote the maximum number of subframes and can reuse legacy candidate value, i.e., {16, 32} for CE Mode A, and {192, 256, 384, 512, 768, 1024, 1536, 2048} for CE Mode B. 
Proposal #9: RRC parameter ‘pusch-maxNumRepetitionCEmodeA’ and ‘pusch-maxNumRepetitionCEmode B’ denote the number of maximum valid subframes and reuse legacy candidate value. 
For repetition number, current DCI field size can be reused, i.e., 2 bits for CE Mode A, and 3 bits for CE Mode B. The set of repetition number corresponding to each candidate value of RRC parameter ‘pusch-maxNumRepetitionCEmodeA’ and ‘pusch-maxNumRepetitionCEmodeB’ need to be re-specified. Since repetition number is dependent on RU size and RU number, the set of repetition number can be specified per RU size and per RU number to provide a relatively small granularity of repetition number. Table 6 shows an example for PUSCH repetition levels for 3/6 subcarriers QPSK in CE Mode B. For 2 of 3 subcarriers pi/2 BPSK, a similar table can be specified. 
Proposal #10: For each candidate value of RRC parameter ‘pusch-maxNumRepetitionCEmodeA’ and ‘pusch-maxNumRepetitionCEmodeB’, a corresponding set of repetition number for DCI indication should be specified per RU number for each case of sub-PRB allocation.


Table 6: PUSCH repetition levels for CE Mode B
	High layer parameter ‘pusch-maxNumRepetitionCEmodeB’
	{n1,n2,…n8}
	3 subcarriers QPSK
	6 subcarriers QPSK

	
	
	1RU
	2RU
	4RU
	1RU
	2RU
	4RU

	Not configured
	{4,8,16,32,64,128,256,512}
	 
	{1,4,8,16,32,64,128,256} 
	{1,2,4,8,32,64,96,128}
	 
	

	{1,4,8,16,32,64,128,256} 

	192
	{1,4,8,16,32,64,128,192}
	
	
	
	
	
	

	256
	{4,8,16,32,64,128,192,256} 
	
	
	
	
	
	

	384
	{4,16,32,64,128,192,256,384} 
	
	
	
	
	
	

	512
	{4,16,64,128,192,256,384,512} 
	
	
	
	
	
	

	768
	{8,32,128,192,256,384,512,768}
	
	
	
	
	
	

	1024
	{4,8,16,64,128,256,512,1024} 
	
	
	
	
	
	

	1536
	{4,16,64,256,512,768,1024,1536}
	
	
	
	
	
	

	2048
	{4,16,64,128,256,512,1024,2048}
	
	
	
	
	
	



DCI table
Based on above discussion, following DCI tables are summarized in Table 7 and Table 8 for CE Mode A and CE Mode B respectively. Except resource allocation, MCS/RU/TBS and repetition number, most legacy DCI fields can be directly reused.
For CE Mode A, dynamic switching between sub-PRB allocation and full-PRB allocation is supported for flexibility. For full-PRB allocation, all of legacy DCI fields are preserved to keep legacy functionality, e.g., flag for 6-0A/6-1A differentiation, frequency hopping flag, HARQ process number, NDI, RV, TPC command, DL assignment index, CSI request, SRS request, and DCI subframe repetition number. For sub-PRB allocation, explicit closed loop power control may be unnecessary. The 2 bits of TPC command can be saved and used for other purpose, e.g., 1 bit for indication of QPSK and pi/2 BPSK when 3 subcarriers are allocated, and 1 bit for extending 5bits for PRB-level allocation to 6 bits for sub-PRB allocation. To achieve a clean design, 1 bit flag is introduced to differentiate sub-PRB allocation and full-PRB allocation. Thus, the overall DCI payload size enlarges the legacy size by 1 bit.
For CE Mode B, except RA, all of legacy DCI field can be directly reused, e.g., flag for 6-0B/6-1B differentiation, HARQ process number, NDI, and DCI subframe repetition number. Current RA field of 3 bits is extended to 6bits to support sub-PRB allocation. And, 1 additional bit is introduced for indication of QPSK and pi/2 BPSK when 3 subcarriers are allocation. Thus, the overall DCI payload size enlarges the legacy size by 4 bits.
Table.7 DCI table for CE Mode A
	DCI content
	Sub-PRB allocation
	Full-PRB allocation 

	[bookmark: OLE_LINK12]Flag for 6-0A/6-1A differentiation
	1 bit
	1 bit

	Frequency hopping flag
	1 bit
	1 bit

	Flag for sub-PRB/full-PRB allocation differentiation
	1 bit
	1 bit

	Resource block assignment
	
+6 bits, 

where  bits indication for narrowband index,  6 bits for sub-PRB allocation
	
+5 bits,  

where bits indication for narrowband index,  5 bits for full-PRB allocation 

	Flag for differentiation of QPSK and pi/2 BPSK 
	1 bit 
	-

	MCS/TBS
	4 bits
	4 bits

	Repetition number
	2 bits
	2 bits

	HARQ process number
	3 bits
	3 bits

	NDI
	1 bit
	1 bit

	RV
	2 bits
	2 bits

	TPC command
	[bookmark: OLE_LINK4]- 
	2 bits

	DL assignment index
	2 bits
	2 bits

	CSI request
	1 bit
	1 bit

	SRS request
	1 bit
	1 bit

	DCI subframe repetition number
	2 bits
	2 bits

	Total size
	
+28 bits
	
+28 bits



Table.8 DCI table for sub-PRB allocation for CE Mode B
	[bookmark: OLE_LINK3]DCI content
	Enhanced DCI6-0B

	Flag for 6-0B/6-1B differentiation
	1

	Resource block assignment
	

+6 bits,  bits for narrowband index, 6 bits for sub-PRB allocation

	Flag for differentiation of QPSK and pi/2-BPSK 
	1 bit 

	MCS/TBS
	4 bits

	Repetition number
	3 bits

	HARQ process number 
	1 bit

	NDI
	1 bit

	DCI subframe repetition number
	2 bits

	Total size
	
+19 bits


2.3. Cyclic repetition
Currently, cyclic repetition is used in Sub-PRB NB-IoT and for Full-PRB in eMTC CE Mode B for enabling symbol-level I/Q combining and improved frequency offset tracking. In each cycle, each subframe in the allocated resources is repeated consecutively for Z>1 times before continuing the mapping. For Sub-PRB eMTC, cyclic repetition should also be used to improve performance of frequency tracking for both CE Mode A and CE Mode B. And, legacy mechanism in Sub-PRB NB-IOT and Full-PRB in eMTC CE Mode B can be directly reused, i.e., cyclic repetition based on an absolute SFN to better align with frequency hopping.
Proposal #11: Cyclic repetition is supported for sub-PRB allocation.
2.4. Power control
Currently, closed loop power control is used for CE Mode A and maximum transmission power is used for CE Mode B. For CE Mode B, the legacy power control mechanism for full-PRB PUSCH can be directly reused for sub-PRB PUSCH, i.e., maximum transmission power. 
Proposal #12: Maximum transmission power is used for sub-PRB allocation in CE Mode B.
[bookmark: OLE_LINK6]For CE Mode A, as discussed in above DCI design, dynamic switching of sub-PRB and full-PRB can be supported, and all of legacy DCI fields are preserved for full-PRB allocation, e.g. TPC command. For sub-PRB allocation, the 2 bits of TPC command are used for other purpose to reduce the overall DCI payload size. However, the transmission power adjusted in the latest full-PRB allocation based on indication of TPC command using closed-loop power control can be referenced. On the other hand, CE Mode A also support DCI format 3/3A, therefore, eNB can dynamically send TPC command to UE even with sub-PRB allocation. This means closed-loop power control can still be used for sub-PRB allocation even no indication of TPC command for sub-PRB allocation in DCI. When using closed-loop power control, MPUSCH,c(i) in the power control formula should be accordingly scaled for sub-PRB allocation, i.e., 1/2 for 6 subcarriers, 1/4 for 3 subcarrier, and 1/6 for 2 of 3 subcarriers. 
Proposal #13: Closed-loop power control is used for sub-PRB allocation in CE Mode A. UE shall adjust transmission power based on DCI format 3/3A or the TPC command in latest full-PRB allocation. 
2.5. Colliosion of UCI and PUSCH
In the RAN1#91 meeting, one agreement is that UCI Piggybacking on PUSCH with sub-PRB allocation is not supported. However, dropping which channel has not yet been agreed. In current specification, PUSCH generally has a higher priority than UCI for such collision between PUSCH and UCI. For the case that PUCCH is not repeated, since sub-PRB PUSCH spans over multiple subframes, it may be possible to successfully decode PUSCH if dropping the PUSCH transmission in only one subframe. For the case that PUCCH is repeated, PUSCH is generally repeated with a larger number than PUCCH repetitions. Considering TTI of sub-PRB PUSCH is longer than TTI of PUCCH, i.e. 1ms, the number of repetitions for sub-PRB PUSCH is much smaller than PUCCH within the same duration. Thus, dropping a small part of PUSCH repetitions is more reasonable than dropping all of UCI repetitions. Therefore, PUSCH can be dropped in the subframe that sub-PRB PUSCH collides with UCI.
[bookmark: OLE_LINK28]Proposal #14: PUSCH is dropped in the subframe that sub-PRB PUSCH collides with UCI.
2.6. Sub-PRB allocation for Msg3
As discussed in another accompanying paper [2], PRACH partitioning for indication of sub-PRB capability is not preferred considering complex PRACH partitioning and limited PRACH capacity. For EDT, another possible method to support sub-PRB allocation is to make sub-PRB capability mandatory on EDT support. However, there is no any bundling relationship between EDT feature and sub-PRB feature. The imposed restriction is ridiculous and unpractical. In addition, PRB-level allocation should also be considered due to PRB blocking issue even sub-PRB capability is supported. A flexible scheduling with both sub-PRB allocation and PRB-level allocation is required, and it needs a complex design for RAR grant. Based on above discussion, we propose that sub-PRB allocation for Msg3 is not supported for both EDT and non-EDT.
Proposal #15: Sub-PRB allocation for Msg3 is not supported for both EDT and non-EDT.
3. Conclusion
In this paper, we discussed remaining issues of sub-PRB allocation for PUSCH. Based on above discussion, we have the following proposals: 
Proposal #1: 8ms RU size for 2 of 3 subcarriers pi/2 BPSK is preferred for both CE Mode A and CE Mode B.
Proposal #2: Introduce 1 bit to differentiate sub-PRB allocation and full-PRB allocation for CE Mode A.
Proposal #3: Extend current resource allocation field by 3 bits for CE Mode B.
Proposal #4: Combined indication of PRB index and subcarrier index can be considered for both CE Mode A and CE Mode B. 
Proposal #5: Introduce 1 bit indication for QPSK or Pi/2-BPSK when 3 subcarriers are allocated.
Proposal #6: Design one unified TBS table for both CE Mode A and CE Mode B with sub-PRB allocation.
Proposal #7: A maximum of 4 RUs is supported for CE Mode B. 
Proposal #8: Use a MCS/RU/TBS table combining RU and TBS for sub-PRB allocation.
Proposal #9: RRC parameter ‘pusch-maxNumRepetitionCEmodeA’ and ‘pusch-maxNumRepetitionCEmode B’ denote the number of maximum valid subframes and reuse legacy candidate value. 
Proposal #10: For each candidate value of RRC parameter ‘pusch-maxNumRepetitionCEmodeA’ and ‘pusch-maxNumRepetitionCEmode B’, a corresponding set of repetition number for DCI indication should be specified per RU size and per RU number.
Proposal #11: Cyclic repetition is supported for sub-PRB allocation.
Proposal #12: Maximum transmission power is used for sub-PRB allocation in CE Mode B.
Proposal #13: Closed-loop power control is used for sub-PRB allocation in CE Mode A. UE shall adjust transmission power based on DCI format 3/3A or the TPC command in latest full-PRB allocation. 
Proposal #14: PUSCH is dropped in the subframe that sub-PRB PUSCH collides with UCI.
Proposal #15: Sub-PRB allocation for Msg3 is not supported for both EDT and non-EDT.
[bookmark: _GoBack]4. Reference
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