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4.1	Cell search
Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the physical layer Cell ID of that cell. E-UTRA cell search supports a scalable overall transmission bandwidth corresponding to 6 resource blocks and upwards.
The following signals are transmitted in the downlink to facilitate cell search: the primary and secondary synchronization signals. 
A UE may assume the antenna ports 0 – 3 and the antenna port for the primary/secondary synchronization signals of a serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift and average delay. 
For a BL/CE UE, if the UE is configured with higher layer parameter ce-RSS-Config, the UE can use the resynchronization signal (as defined in [3]) to re-acquire time and frequency synchronization with the cell.

[bookmark: _Toc415085437]5.2	Downlink power allocation
The eNodeB determines the downlink transmit energy per resource element.
For the purpose of RSRP and RSRQ measurements, the UE may assume downlink cell-specific RS EPRE is constant across the downlink system bandwidth and constant across all subframes with discovery signal transmissions until different cell-specific RS power information is received. 
For a cell that is not a LAA SCell, the UE may assume downlink cell-specific RS EPRE is constant across the downlink system bandwidth and constant across all subframes until different cell-specific RS power information is received. 
The downlink cell-specific reference-signal EPRE can be derived from the downlink reference-signal transmit power given by the parameter referenceSignalPower provided by higher layers. The downlink reference-signal transmit power is defined as the linear average over the power contributions (in [W]) of all resource elements that carry cell-specific reference signals within the operating system bandwidth.
For a LAA SCell, the UE may assume that the EPRE of downlink cell-specific RS in subframe n is same as the EPRE of downlink cell-specific RS in subframe n-1, if all OFDM symbols of at least the second slot of subframe n-1, are occupied.
For a BL/CE UE, if the UE is configured with higher layer parameter ce-RSS-Config, the ratio of resynchronization signal EPRE to cell-specific RS EPRE is given by higher layer parameter ce-RSS-PpowerBoost in RSS-Config.




The ratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs (not applicable to PDSCH REs with zero EPRE) for each OFDM symbol is denoted by either  or according to the OFDM symbol index as given by Table 5.2-2 and Table 5.2-3. In addition, and are UE-specific.
For a UE in transmission mode 8 - 10 when UE-specific RSs are not present in the PRBs upon which the corresponding PDSCH is mapped or in transmission modes 1 – 7, the UE may assume that for 16 QAM, 64 QAM, 256QAM, or 1024QAM spatial multiplexing with more than one layer or for PDSCH transmissions associated with the multi-user MIMO transmission scheme, or for a UE in transmission modes 2-4 and configured with higher layer parameter must-Config-r14 the UE may assume that for QPSK,


-	 is equal to [dB] when the UE receives a PDSCH data transmission using precoding for transmit diversity with 4 cell-specific antenna ports according to Subclause 6.3.4.3 of [3];


-	 is equal to [dB] otherwise



whereis 0 dB for all PDSCH transmission schemes except multi-user MIMO as described in Subclause 7.1.5 and where is a UE specific parameter provided by higher layers. If the UE is configured with higher layer parameter must-Config-r14, and if the UE is configured with higher layer parameter p-a-must-r14, and if the PDCCH/EPDCCH DCI of the corresponding PDSCH transmission indicates MUST interference is present [4], the UE shall use the higher layer parameter p-a-must-r14 for determining.
For a UE configured with higher layers parameter servCellp-a-r12, and the UE in transmission modes 8-10 when UE-specific RSs are not present in the PRBs upon which the corresponding PDSCH is mapped or in transmission modes 1-7, the UE may assume that for QPSK and transmission with single-antenna port or transmit diversity transmission schemes or spatial multiplexing using a single transmission layer, and the PDSCH transmission is not associated with the multi-user MIMO transmission scheme, and the PDSCH is scheduled by a PDCCH/EPDCCH with CRC scrambled by C-RNTI, 
-	[image: ] is equal to [image: ] [dB] when the UE receives a PDSCH data transmission using precoding for transmit diversity with 4 cell-specific antenna ports according to Subclause 6.3.4.3 of [3];
-	[image: ] is equal to[image: ] [dB] otherwise
and where[image: ] is given by the parameter servCellp-a-r12. If the UE is also configured with higher layer parameter must-Config-r14, and if the UE is configured with higher layer parameter p-a-must-r14, and if the PDCCH/EPDCCH DCI of the corresponding PDSCH transmission indicates MUST interference is present [4], the UE shall use the higher layer parameter p-a-must-r14 for determining [image: ].
For a cell supporting SC-PTM, the UE may assume that for the PDSCH scrambled by G-RNTI, 

-	[image: ] is equal to  [dB] when the UE receives a PDSCH data transmission using precoding for transmit diversity with 4 cell-specific antenna ports according to Subclause 6.3.4.3 of [3];

-	[image: ] is equal to  [dB] otherwise



where  is configured per SC-MTCH and is given by higher layer parameter p-a-r13. If  is not configured, the UE may assume that  [dB].
For transmission mode 7, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped, the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs shall be a constant, and that constant shall be maintained over all the OFDM symbols containing the UE-specific RSs in the corresponding PRBs. In addition, the UE may assume that for 16QAM, 64QAM, 256QAM, or 1024QAM this ratio is 0 dB.
For transmission mode 8, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs is 0 dB. 
For transmission mode 9 or 10, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RS is 0 dB for number of transmission layers less than or equal to two and -3 dB otherwise. 
A UE may assume that downlink positioning reference signal EPRE is constant across the positioning reference signal bandwidth and across all OFDM symbols that contain positioning reference signals in a given positioning reference signal occasion [10]. 
For the purpose of RSRP and RSRQ measurements on CSI-RS of a discovery signal the UE may assume that the EPRE of CSI-RS is constant across the downlink system bandwidth and constant across all subframes with discovery signal transmissions for each CSI-RS resource.
If a serving cell is not configured for a UE as a LAA SCell, and if CSI-RS is configured in the serving cell then the UE shall assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all subframes for each CSI-RS resource.
If a serving cell is configured for a UE as a LAA SCell, the UE may assume that EPRE of CSI-RS in subframe n2 is same as EPRE of CSI-RS in earlier subframe n1, if all OFDM symbols of subframe n1 and all subframes between subframe n1 and subframe n2, are occupied.





The cell-specific ratio  is given by Table 5.2-1 according to cell-specific parameter  signalled by higher layers and the number of configured eNodeB cell specific antenna ports.  is given by higher layer parameter p-b-r13 for PDSCH scrambled by G-RNTI and by higher layer parameter p-b otherwise. In case PDSCH is scrambled by G-RNTI, if  is not configured, the UE may assume that .

Table 5.2-1: The cell-specific ratio  for 1, 2, or 4 cell specific antenna ports
	

	


	
	One Antenna Port
	Two and Four Antenna Ports 

	0
	1
	5/4

	1
	4/5
	1

	2
	3/5
	3/4

	3
	2/5
	1/2



For PMCH with 16QAM, 64QAM, or 256QAM, the UE may assume that the ratio of PMCH EPRE to MBSFN RS EPRE is equal to 0 dB.


Table 5.2-2: OFDM symbol indices within a slot of a non-MBSFN subframe where the ratio of the corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by  or 
	Number of antenna ports
	
OFDM symbol indices within a slot where the ratio of the corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by 
	
OFDM symbol indices within a slot where the ratio of the corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by 

	
	Normal cyclic prefix
	Extended cyclic prefix
	Normal cyclic prefix
	Extended cyclic prefix

	One or two
	1, 2, 3, 5, 6
	1, 2, 4, 5
	0, 4
	0, 3

	Four
	2, 3, 5, 6
	2, 4, 5
	0, 1, 4
	0, 1, 3





Table 5.2-3: OFDM symbol indices within a slot of an MBSFN subframe where the ratio of the corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by  or  
	Number of antenna ports
	
OFDM symbol indices within a slot where the ratio of the corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by 
	
OFDM symbol indices within a slot where the ratio of the corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by 

	
	Normal cyclic prefix
	Extended cyclic prefix
	Normal cyclic prefix
	Extended cyclic prefix

	
	
mod 2 = 0
	
mod 2 = 1
	
mod 2 = 0
	
mod 2 = 1
	
mod 2 = 0
	
mod 2 = 1
	
mod 2 = 0
	
mod 2 = 1

	One or two
	1, 2, 3, 4, 5, 6
	0, 1, 2, 3, 4, 5, 6
	1, 2, 3, 4, 5
	0, 1, 2, 3, 4, 5
	0
	-
	0
	-

	Four
	2, 3, 4, 5, 6
	0, 1, 2, 3, 4, 5, 6
	2, 4, 3, 5
	0, 1, 2, 3, 4, 5
	0, 1
	-
	0, 1
	-



[bookmark: _Toc415085442]6.2	Random Access Response Grant
The higher layers indicate the Nr-bit UL Grant to the physical layer, as defined in 3GPP TS 36.321 [8]. 
This is referred to the Random Access Response Grant in the physical layer. 
If BL/CE UE then 
-	If the most recent PRACH coverage enhancement level for the UE is 0 or 1, the contents of the Random Access Response Grant are interpreted according to CEModeA.
-	If the most recent PRACH coverage enhancement level for the UE is 2 or 3, the contents of the Random Access Response Grant are interpreted according to CEModeB.
-	The content of these Nr bits starting with the MSB and ending with the LSB are given in Table 6-2 for CEmodeA and CEmodeB if the higher layers do not indicate EDT to the physical layer as defined in [8], and in Table 6.2-F if the higher layers indicate EDT.:
-	where [image: ] = [image: ] and [image: ] 

Table 6-2: Random Access Response Grant Content field size
	DCI contents
	CEmodeA
	CEmodeB

	Msg3 PUSCH narrowband index
	[image: ]
	2

	Msg3 PUSCH Resource allocation
	4
	3

	Number of Repetitions for Msg3 PUSCH
	2
	3

	MCS
	3
	0

	TBS
	0
	2

	TPC
	3
	0

	CSI request
	1
	0

	UL delay
	1
	0

	Msg3/4 MPDCCH narrowband index
	2
	2

	Zero padding
	4 - [image: ]
	0

	Total Nr-bits
	20
	12



Table 6.2-F: Random Access Response Grant Content field size for EDT
	DCI contents
	CEmodeA
	CEmodeB

	Msg3 PUSCH narrowband index
	

	3

	Msg3 PUSCH Resource allocation
	5
	3

	Number of Repetitions for Msg3 PUSCH
	2
	3

	TPC
	3
	0

	CSI request
	1
	0

	UL delay
	1
	0

	Msg3/4 MPDCCH narrowband index
	

	3

	Zero padding
	
8 - 
	0

	Total Nr-bits
	20
	12



-	For CEmodeB, the Msg3 PUSCH narrowband index indicates the narrowband to be used for first subframe of Msg3 PUSCH transmission as given in Table 6.2-A if the higher layers do not indicate EDT to the physical layer as defined in [8], Table 6.2-G otherwise. 
-	[image: ]given in Table 6.2-A, Table 6.2-B and Table 6.2-G is the narrow band used for first subframe of MPDCCH for Random Access Response and is determined by higher layer parameter mpdcch-NarrowbandsToMonitor-r13 if only one narrowband is configured, otherwise, it is determined by Table 6-2-E.

Table 6.2-A: Msg3 PUSCH Narrowband Value for CEmodeB.
	Value of 'Msg3 narrowband index'
	Msg3 PUSCH Narrowband

	'00'
	[image: ]

	'01'
	[image: ]

	'10'
	[image: ]

	'11'
	[image: ]



Table 6.2-G: Msg3 PUSCH Narrowband Value for CEmodeB and EDT.
	Value of 'Msg3 narrowband index'
	Msg3 PUSCH Narrowband

	'000'
	


	'001'
	


	'010'
	


	'011'
	


	'100'
	


	'101'
	


	'110'
	


	'111'
	





-	The Msg3/4 MPDCCH narrowband index indicates the narrowband used for first subframe of MPDCCH configured by Temporary C-RNTI and/or C-RNTI during random access procedure as given in Table 6.2-B if the higher layers do not indicate EDT to the physical layer as defined in [8], value of  for CEModeA and Table 6.2-H for CEModeB otherwise. The number of downlink narrowbands is given by [image: ] = [image: ]. 

Table 6.2-B: Msg3/4 MPDCCH Narrowband Value for CEmodeA and CEmodeB.
	Value of 'Msg3/4 MPDCCH narrowband index'
	Msg3/4 MPDCCH Narrowband

	'00'
	[image: ]

	'01'
	[image: ]

	'10'
	[image: ]

	'11'
	[image: ]



Table 6.2-H: Msg3/4 MPDCCH Narrowband Value for CEmodeB and EDT.
	Value of 'Msg3/4 MPDCCH narrowband index'
	Msg3/4 MPDCCH Narrowband

	'000'
	


	'001'
	


	'010'
	


	'011'
	


	'100'
	


	'101'
	


	'110'
	


	'111'
	





-	The repetition number field in the random access response grant configured by higher layers indicates the repetition level () for the initial transmission of Msg3 PUSCH as given in Table 6.2-C for CEmodeA and Table 6.2-D for CEmodeB, where 
-	[image: ] is determined by higher layer parameter pusch-maxNumRepetitionCEmodeA-r13 if it is signaled, otherwise [image: ] = 8, 
-	[image: ] is determined by higher layer parameter pusch-maxNumRepetitionCEmodeB-r13 if it is signaled, otherwise [image: ] = 512. 




If the higher layers indicate EDT to the physical layer as defined in [8] and if the UE is configured with higher layer parameter edt-SsmallTBS-Enabled-r15, the repetition number for the initial transmission of Msg3 PUSCH is the smallest integer multiple of M  that is equal to or larger than where  is the TBS of Msg3 PUSCH as determined in subclause 8.6.2, and  is the value of the higher layer parameter edt-TBS-r15. M=4 if > 4, M = 1 otherwise.

Table 6.2-C: Msg3 PUSCH Repetition Level Value for CEmodeA.
	Value of 'Repetition number'
	Msg3 PUSCH Repetition level

	'00'
	[image: ]

	'01'
	[image: ]

	'10'
	[image: ]

	'11'
	[image: ]



Table 6.2-D: Msg3 PUSCH Repetition Level Value for CEmodeB.
	Value of 'Repetition number'
	Msg3 PUSCH Repetition level

	'000'
	[image: ]

	'001'
	[image: ]

	'010'
	[image: ]

	'011'
	[image: ]

	'100'
	[image: ]

	'101'
	[image: ]

	'110'
	[image: ]

	'111'
	[image: ]



Table 6.2-E: Narrowband ([image: ]) for MPDCCH RAR.
	Mapped Preamble Index
	[image: ]

	mod( Preamble Index, 2 )=0
	First narrowband configured by high layer parameter mpdcch-NarrowbandsToMonitor-r13

	mod( Preamble Index, 2 )=1
	Second narrowband configured by high layer parameter mpdcch-NarrowbandsToMonitor-r13



-	The resource allocation field is interpreted as follows: 
-	For CEmodeA, 
-	if the higher layers indicate EDT to the physical layer as defined in [8], then 
-	interpret the resource allocation using UL resource allocation type 0 within the indicated narrowband
-	else,
-	insert one most significant bit with value set to '0', and interpret the expanded resource allocation using UL resource allocation type 0 within the indicated narrowband.
-	For CEmodeB, interpret the resource allocation using UL resource allocation type 2 within the indicated narrowband.
-	The truncated modulation and coding scheme field is interpreted such that the modulation and coding scheme corresponding to the Random Access Response grant is determined from MCS indices 0 through 7 for CEmodeA in Table 8.6.1-1
The truncated TBS field is interpreted such that the TBS value corresponding to the Random Access Response grant is determined from TBS indices 0 through 3 for CEmodeB in Table 7.1.7.2.1-1 
else,
-	Nr=20, and the content of these 20 bits starting with the MSB and ending with the LSB are as follows:
-	Hopping flag – 1 bit
-	Fixed size resource block assignment – 10 bits
-	Truncated modulation and coding scheme – 4 bits 
If a UE is configured with a higher layer parameter pusch-EnhancementsConfig, then
-	Repetition number of Msg3 – 3 bits
else
-	TPC command for scheduled PUSCH – 3 bits
-	UL delay – 1 bit
-	CSI request – 1 bit
-	The UE shall use the single-antenna port uplink transmission scheme for the PUSCH transmission corresponding to the Random Access Response Grant and the PUSCH retransmission for the same transport block.
-	The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) field in a corresponding Random Access Response Grant is set as 1 and the uplink resource block assignment is type 0, otherwise no PUSCH frequency hopping is performed. When the hopping flag is set, the UE shall perform PUSCH hopping as indicated via the fixed size resource block assignment detailed below.
-	The fixed size resource block assignment field is interpreted as follows:
-	if [image: ]
-	Truncate the fixed size resource block assignment to its b least significant bits, where [image: ], and interpret the truncated resource block assignment according to the rules for a regular DCI format 0
-	else 
-	Insert b most significant bits with value set to '0' after the NUL_hop hopping bits in the fixed size resource block assignment, where the number of hopping bits NUL_hop is zero when the hopping flag bit is not set to 1, and is defined in Table 8.4-1 when the hopping flag bit is set to 1, and [image: ], and interpret the expanded resource block assignment according to the rules for a regular DCI format 0
-	end if
-	The truncated modulation and coding scheme field is interpreted such that the modulation and coding scheme corresponding to the Random Access Response grant is determined from MCS indices 0 through 15 in Table 8.6.1-1.
-	The TPC command [image: ] shall be used for setting the power of the PUSCH, and is interpreted according to Table 6.2-1. 
end if
Table 6.2-1: TPC Command [image: ] for Scheduled PUSCH
	TPC Command
	Value (in dB)

	0
	-6

	1
	-4

	2
	-2

	3
	0

	4
	2

	5
	4

	6
	6

	7
	8



In non-contention based random access procedure, the CSI request field is interpreted to determine whether an aperiodic CQI, PMI, RI, and CRI report is included in the corresponding PUSCH transmission according to Subclause 7.2.1. In contention based random access procedure, the CSI request field is reserved.
The UL delay applies for TDD, FDD and FDD-TDD and this field can be set to 0 or 1 to indicate whether the delay of PUSCH is introduced as shown in Subclause 6.1.1.

8.1.6	Uplink resource allocation type 5
Uplink resource allocation type 5 is only applicable for BL/CE UEs configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15. 
The resource allocation information for uplink resource allocation type 5 indicates to a scheduled UE
-	a set of contiguously allocated subcarriers within an allocated resource block of a narrowband,

-	a number of resource units () determined by the 'number of resource units' field in the corresponding DCI according to Table 8.1.6-2 for UE configured with CEModeA, and Table 8.1.6-3 for UE configured with CEModeB.


For a UE configured with CEModeA and the value of the 'number of resource units' field in the scheduling grant set to other than '00', the allocated resource block within a narrowband is given by  where  is the value of the 'resource allocation' field in the scheduling grant, and the allocated subcarriers within the allocated resource block is given in Table 8.1.6-1. For PUSCH sub-PRB allocation in CE Mode A, the UE shall consider the DCI valid even if the number of transmitted subframes is greater than pusch-maxNumRepetitionCEmodeA.
For a UE configured with CEModeB and the value of the 'sub-PRB allocation flag' field in the scheduling grant set to '1', the allocated resource block within a narrowband is given by the higher layer parameter ce-PUSCH-SubPRB-locationCE-ModeB, and the allocated subcarriers within the allocated resource block is given in Table 8.1.6-1.

In Table 8.1.6-1,  is the physical-layer cell identity as given in subclause 6.11 of [3].
Table 8.1.6-1: Subcarriers allocation for BL/CE UE.
	


= value of resource allocation field 
	Modulation
	Set of Allocated subcarriers

	0
	π/2-BPSK
	


	1
	π/2-BPSK
	


	2
	π/2-BPSK
	


	3
	π/2-BPSK
	


	4
	QPSK
	0,1,2

	5
	QPSK
	3,4,5

	6
	QPSK
	6,7,8

	7
	QPSK
	9,10,11

	8
	QPSK
	0,1,2,3,4,5

	9
	QPSK
	6,7,8,9,10,11



Table 8.1.6-2: Number of resource units for CEModeA.
	Value of 'number of resource units' field
	Number of resource units



	'01'
	1

	'10'
	2

	'11'
	4



Table 8.1.6-3: Number of resource units for CEModeB.
	Value of 'number of resource units' field
	Number of resource units



	'0'
	2

	'1'
	4



[bookmark: _Toc415085499][bookmark: _Toc415085500]8.6.1	Modulation order and redundancy version determination 
For a non-BL/CE UE and for [image: ], the modulation order ([image: ]) is determined as follows, where [image: ]= [image: ] unless specified otherwise:
-	If the UE is capable of supporting 64QAM in PUSCH and is not capable of supporting 256QAM in PUSCH and has not been configured by higher layers to transmit only QPSK and 16QAM, the modulation order is given by [image: ]in Table 8.6.1-1. 
-	If the UE is capable of supporting 256QAM in PUSCH, and has not been configured by higher layers to transmit only QPSK and 16QAM and has not been configured with higher layer parameter Enable256QAM, the modulation order is given by [image: ]in Table 8.6.1-1.
-	If the UE is capable of supporting 256QAM in subframe-PUSCH and configured with higher layer parameter Enable256QAM, the modulation order is given by [image: ]in Table 8.6.1-3 for subframe-PUSCH ,
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet1-DCI-Format0=TRUE, the associated DCI is of format 0/0A/0B mapped onto the UE specific search space and with CRC scrambled by the C-RNTI, and the subframe of the PUSCH belongs to uplink power control subframe set 1, or,
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet1-DCI-Format4=TRUE, the associated DCI is of format 4/4A/4B mapped onto the UE specific search space and with CRC scrambled by the C-RNTI, and the subframe of the PUSCH belongs to uplink power control subframe set 1, or,
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet2-DCI-Format0=TRUE, the associated DCI is of format 0/0A/0B mapped onto the UE specific search space and with CRC scrambled by the C-RNTI, and the subframe of the PUSCH belongs to uplink power control subframe set 2, or,
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet2-DCI-Format4=TRUE, the associated DCI is of format 4/4A/4B mapped onto the UE specific search space and with CRC scrambled by the C-RNTI, and the subframe/slot/subslot of the PUSCH belongs to uplink power control subframe set 2, or,
-	if higher layer parameter tpc-SubframeSet is not configured, higher layer parameter dci-Format0=TRUE, and the associated DCI is of format 0/0A/0B mapped onto the UE specific search space and with CRC scrambled by the C-RNTI, or,
-	if higher layer parameter tpc-SubframeSet is not configured, higher layer parameter dci-Format4=TRUE, and the associated DCI is of format 4/4A/4B mapped onto the UE specific search space and with CRC scrambled by the C-RNTI,
-	otherwise, the modulation order is given by [image: ]in Table 8.6.1-1 for subframe-PUSCH.
-	If the UE is capable of supporting 256QAM in slot/subslot PUSCH and configured with higher layer parameter Enable256QAMSTTI, the modulation order is given by [image: ]in Table 8.6.1-3 for slot/subslot-PUSCH,
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet1-256QAM-STTI=TRUE, the associated DCI is of format 7-0A/7-0B mapped onto the UE specific search space and with CRC scrambled by the C-RNTI, and the subframe of the slot/subslot-PUSCH belongs to uplink power control subframe set 1, or,
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet2-256QAM-STTI=TRUE, the associated DCI is of format 7-0A/7-0B mapped onto the UE specific search space and with CRC scrambled by the C-RNTI, and the subframe of the slot/subslot PUSCH belongs to uplink power control subframe set 2, or,
-	if higher layer parameter tpc-SubframeSet is not configured, the associated DCI is of format 7-0A/7-0B mapped onto the UE specific search space and with CRC scrambled by the C-RNTI,;
-	otherwise, the modulation order is given by [image: ]in Table 8.6.1-1 for slot/subslot PUSCH.
-	If the UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit only QPSK and 16QAM, [image: ]is first read from Table 8.6.1-1. The modulation order is set to [image: ] = min(4,[image: ]).
-	If the parameter ttiBundling provided by higher layers is set to TRUE, then the modulation order is set to [image: ]. Resource allocation size is restricted to [image: ] applies in this case if the UE does not indicate support by higher layers to operate without it. 
-	If the UE is configured with higher layer parameter pusch-EnhancementsConfig, and if the PDCCH corresponding to the PUSCH transmission is located in UE specific search space, then [image: ]is first obtained according to the procedure above. The modulation order ([image: ]) is determined as follows. 
-	If the uplink DCI modulation override bit is set to zero, or if [image: ]=2 
-	then [image: ]=[image: ] 
-	otherwise
-	if [image: ]=8 then [image: ]= 6, 
-	if [image: ]=6 then [image: ]= 4,
-	if [image: ]=4 then [image: ]= 2.
For a non-BL/CE UE and for [image: ] the modulation order ([image: ]) is determined as follows:
-	if DCI format 0/0A/0B/7-0A is used and [image: ] and N =1 (determined by the procedure in Subclause 8.0) or, if DCI format 4/7-0B is used and only 1 TB is enabled and [image: ]for the enabled TB and the signalled number of transmission layers is 1 or if DCI format 4A/4B is used and [image: ] for both TBs and N =1 (determined by the procedure in Subclause 8.0), and if
-	the "CSI request" bit field is 1 bit and the bit is set to trigger an aperiodic report and, [image: ] or, 
-	the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one serving cell according to Table 7.2.1-1A, and, [image: ] or, 
-	the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one serving cell according to Table 7.2.1-1A and, [image: ] or,
-	the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1B and [image: ] or,
-	the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process according to Table 7.2.1-1B and [image: ] or,
-	the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process or {CSI process, CSI subframe set}-pair according to Table 7.2.1-1C and [image: ] or,
-	the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process and/or {CSI process, CSI subframe set}-pair according to Table 7.2.1-1C and [image: ], or
-	the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1D or Table 7.2.1-1E or Table 7.2.1-1F or Table 7.2.1-1G and [image: ], or
-	the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for 2 to 5 CSI processes according to Table 7.2.1-1D or Table 7.2.1-1E or Table 7.2.1-1F or Table 7.2.1-1G and [image: ], or
-	the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for more than 5 CSI processes according to Table 7.2.1-1D or Table 7.2.1-1E or Table 7.2.1-1F or Table 7.2.1-1G, or
-	the "CSI request" bit field in DCI format 0A/0B/4A/4B/7-0A/7-0B is set to trigger an aperiodic CSI report, or
-	the "CSI request" bit field is 4 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1H or Table 7.2.1-1I and [image: ], or
-	the "CSI request" bit field is 4 bits and is triggering an aperiodic CSI report for 2 to 5 CSI processes according to Table 7.2.1-1H or Table 7.2.1-1I and [image: ], or
-	the "CSI request" bit field is 4 bits and is triggering an aperiodic CSI report for more than 5 CSI processes according to Table 7.2.1-1H or Table 7.2.1-1I, or
-	the "CSI request" bit field is 5 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1J or Table 7.2.1-1K and [image: ], or
-	the "CSI request" bit field is 5 bits and is triggering an aperiodic CSI report for 2 to 5 CSI processes according to Table 7.2.1-1J or Table 7.2.1-1K and [image: ], or
-	the "CSI request" bit field is 5 bits and is triggering an aperiodic CSI report for more than 5 CSI processes according to Table 7.2.1-1J or Table 7.2.1-1K, or
-	the "CSI request" bit field in DCI is set to trigger an aperiodic CSI report and UE is configured with higher layer parameter advancedCodebookEnabled, 
-	the "CSI request" bit field in DCI is set to trigger an aperiodic CSI report and UE is configured with higher layer parameter FeCoMPCSIEnabled,
then the modulation order is set to [image: ].
-	Otherwise, 
-	For a cell that is not a LAA SCell, the modulation order shall be determined from the DCI transported in the latest PDCCH/EPDCCH/SPDCCH with DCI format 0/4/7-0A/7-0B for the same transport block using [image: ]. If there is no PDCCH/EPDCCH/SPDCCH with DCI format 0/4/7-0A/7-0B for the same transport block using [image: ], the modulation order shall be determined from
-	the most recent semi-persistent scheduling assignment PDCCH/EPDCCH/SPDCCH, when the initial PUSCH for the same transport block is semi-persistently scheduled, or, 
-	the random access response grant for the same transport block, when the PUSCH is initiated by the random access response grant.


-	For a cell that is an LAA SCell and a UE that is configured with Partial PUSCH Mode 2 or 3, if , the modulation order shall be determined from the DCI transported in the latest PDCCH/EPDCCH with DCI format 0A/0B/4A/4B for the same transport block using .
For a cell that is not a LAA SCell, and a non-BL/CE UE, 
-	for subframe-PUSCH, if the UE is configured with higher layer parameter enable256QAM-r14, and if the PDCCH corresponding to the PUSCH transmission is located in UE specific search space with CRC scrambled by the C-RNTI, the UE shall use[image: ]and Table 8.6.1-3 to determine the redundancy version (rvidx) to use in the physical uplink shared channel,
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet1-DCI-Format0=TRUE, the associated DCI is of format 0/0A/0B, and the subframe of the PUSCH belongs to uplink power control subframe set 1, or,
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet1-DCI-Format4=TRUE, the associated DCI is of format 4/4A/4B, and the subframe of the PUSCH belongs to uplink power control subframe set 1, or,
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet2-DCI-Format0=TRUE, the associated DCI is of format 0/0A/0B, and the subframe of the PUSCH belongs to uplink power control subframe set 2, or,
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet2-DCI-Format4=TRUE, the associated DCI is of format 4/4A/4B, and the subframe of the PUSCH belongs to uplink power control subframe set 2, or,
-	if higher layer parameter tpc-SubframeSet is not configured, higher layer parameter dci-Format0=TRUE, and the associated DCI is of format 0/0A/0B, or,
-	if higher layer parameter tpc-SubframeSet is not configured, higher layer parameter dci-Format4=TRUE, and the associated DCI is of format 4/4A/4B;
-	otherwise, the UE shall use[image: ]and Table 8.6.1-1 to determine the redundancy version (rvidx) to use in the physical uplink shared channel. 

For a LAA SCell and DCI format 0A/4A, the redundancy version (rvidx) to use in the physical uplink shared channel is given by .

For a LAA SCell and DCI format 0B/4B, the redundancy version (rvidx) to use in the physical uplink shared channel is given by .
For a serving cell, if the UE is configured with higher layer parameter 
-	shortProcessingTime if the PDCCH with CRC scrambled by C-RNTI corresponding to the PUSCH transmission is located in UE specific search space or 
-	shortTTI and if the associated DCI is of format 7-0A/7-0B, 

the redundancy version (rvidx) to use in the physical uplink shared channel is given by . 

For a serving cell, for semi-persistently scheduled slot/subslot-PUSCH transmissions of a transport block spanning K consecutive PUSCH transmissions corresponding to an SPS configuration with higher layer parameters rv-SPS-STTI-UL-Repetitions and totalNumberPUSCH-SPS-STTI-UL-Repetitions, the redundancy version (rvidx) is determined according to Table 8.6.1-0 for the kth PUSCH transmission, using  where k=1,…, K,, and K=totalNumberPUSCH-SPS-STTI-UL-Repetitions.

For a serving cell, for semi-persistently scheduled subframe-PUSCH transmissions of a transport block spanning K consecutive PUSCH transmissions corresponding to an SPS configuration with higher layer parameters rv-SPS-UL-Repetitions and totalNumberPUSCH-SPS-UL-Repetitions, the redundancy version (rvidx) is determined according to Table 8.6.1-0 for the kth PUSCH transmission, using  where k=1,…, K, and K=totalNumberPUSCH-SPS-UL-Repetitions.

Table 8.6.1-0: Redundancy Version corresponding to different values of higher layer parameter rv-SPS-STTI-UL-Repetitions or rv-SPS-UL-Repetitions
	Redundancy version Index
rv
	rvidx for 
rv-SPS-STTI-UL-Repetitions or 
rv-SPS-UL-Repetitions =
{0,0,0,0,0,0}
	rvidx for 
rv-SPS-STTI-UL-Repetitions or 
rv-SPS-UL-Repetitions =
{0,2,3,1,0,2}
	rvidx for 
rv-SPS-STTI-UL-Repetitions or 
rv-SPS-UL-Repetitions =
{0,3,0,3,0,3}

	0
	0
	0
	0

	1
	0
	2
	3

	2
	0
	3
	0

	3
	0
	1
	3



Table 8.6.1-1: Modulation, TBS index and redundancy version table for PUSCH
	MCS Index
[image: ]
	Modulation Order
[image: ]
	TBS Index
[image: ]
	Redundancy Version
rvidx

	0
	2
	0
	0

	1
	2
	1
	0

	2
	2
	2
	0

	3
	2
	3
	0

	4
	2
	4
	0

	5
	2
	5
	0

	6
	2
	6
	0

	7
	2
	7
	0

	8
	2
	8
	0

	9
	2
	9
	0

	10
	2
	10
	0

	11
	4
	10
	0

	12
	4
	11
	0

	13
	4
	12
	0

	14
	4
	13
	0

	15
	4
	14
	0

	16
	4
	15
	0

	17
	4
	16
	0

	18
	4
	17
	0

	19
	4
	18
	0

	20
	4
	19
	0

	21
	6
	19
	0

	22
	6
	20
	0

	23
	6
	21
	0

	24
	6
	22
	0

	25
	6
	23
	0

	26
	6
	24
	0

	27
	6
	25
	0

	28
	6
	26
	0

	29
	reserved
	1

	30
	
	2

	31
	
	3



For a BL/CE UE 
-	if the UE is configured with CEModeA, and higher layer parameter ce-pusch-nb-maxTbs-config configured with value 'On', and if the MPDCCH corresponding to the PUSCH transmission is located in UE-specific search space, the modulation order is determined according to table 8.6.1-2A.
-	if the UE is configured with higher layer parameter ce-pdsch-puschEnhancement-config with value 'On', and if the Modulation order override field in the DCI is set to 1, the modulation order is set to [image: ]

-	if the UE is configured with higher layer parameter edt-Pparameters-r15, and if the PUSCH transmission is scheduled by the Random Access Response Grant, and the higher layers indicate EDT to the physical layer as defined in [8], or the PUSCH retransmission of the same transport block including EDT as part of the contention based random access procedure with  in the uplink scheduling grant, the modulation order is set to [image: ].

-	if the UE is configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15, and the PUSCH resource assignment is using uplink resource allocation type 5, the modulation order is set to  for π/2-BPSK, [image: ]otherwise.
-	otherwise, the modulation order is determined according to table 8.6.1-2. 

A BL/CE UE configured with CEModeB is not expected to receive a DCI format 6-0B indicating .
For a BL/CE UE or for UEs configured with higher layer parameter PUSCH-EnhancementsConfig, 


-	if the UE is configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15, and the PUSCH resource assignment is using uplink resource allocation type 5, the redundancy version (rvidx) to use for the i-th BL/CE UL subframe in the physical uplink shared channel is determined according to Table 7.1.7.1-2 using  where , and N is the number of BL/CE UL subframes for the PUSCH transmission as determined in subclause 8.0. For a BL/CE UE configured in CEModeA,   is determined by the 'Redundancy version' field in DCI format 6-0A. For a BL/CE UE configured with CEModeB, [image: ].











-	otherwise, the same redundancy version is applied to PUSCH transmitted in a given block of  consecutive subframes. The subframe number of the first subframe in each block of consecutive subframes, denoted as , satisfies . Denote [image: ] as the subframe number of the first uplink subframe intended for PUSCH. For BL/CE UEs, the PUSCH transmission spans [image: ] consecutive subframes including non-BL/CE subframes where the PUSCH transmission is postponed. For the [image: ] block of [image: ]consecutive subframes within the set of [image: ] subframes, the redundancy version (rvidx) is determined according to Table 7.1.7.1-2 using , where , and . The  blocks of subframes are sequential in time, starting with  to which subframe[image: ] belongs. For a BL/CE UE configured in CEModeA or a UE configured with higher layer parameter PUSCH-EnhancementsConfig, [image: ] and  is determined by the 'Redundancy version' field in DCI format 6-0A. For a BL/CE UE configured with CEModeB, [image: ] for FDD and [image: ] for TDD, and . For UEs configured with higher layer parameter PUSCH-EnhancementsConfig, .
Table 8.6.1-2: Modulation and TBS index table for PUSCH
	
MCS Index

	
Modulation Order

	
TBS Index


	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14



Table 8.6.1-2A: Modulation and TBS index table for PUSCH
	
MCS Index

	
Modulation Order

	
TBS Index


	0
	2
	0

	1
	2
	2

	2
	2
	4

	3
	2
	5

	4
	2
	6

	5
	2
	8

	6
	2
	10

	7
	4
	10

	8
	4
	12

	9
	4
	14

	10
	4
	16

	11
	4
	17

	12
	4
	18

	13
	4
	19

	14
	4
	20

	15
	4
	21



Table 8.6.1-3: Modulation, TBS index and redundancy version table for PUSCH
	MCS Index
[image: ]
	Modulation Order
[image: ]
	TBS Index
[image: ]
	Redundancy Version
rvidx

	0
	2
	0
	0

	1
	2
	2
	0

	2
	2
	4
	0

	3
	2
	6
	0

	4
	2
	8
	0

	5
	2
	10
	0

	6
	4
	11
	0

	7
	4
	12
	0

	8
	4
	13
	0

	9
	4
	14
	0

	10
	4
	16
	0

	11
	4
	17
	0

	12
	4
	18
	0

	13
	4
	19
	0

	14
	6
	20
	0

	15
	6
	21
	0

	16
	6
	22
	0

	17
	6
	23
	0

	18
	6
	24
	0

	19
	6
	25
	0

	20
	6
	27
	0

	21
	6
	28
	0

	22
	6
	29
	0

	23
	8
	30
	0

	24
	8
	31
	0

	25
	8
	32
	0

	26
	8
	32A
	0

	27
	8
	33
	0

	28
	8
	34
	0

	29
	reserved
	1

	30
	
	2

	31
	
	3



Table 8.6.1-4: Void

8.6.2	Transport block size determination
For a non-BL/CE UE and for [image: ], the UE shall first determine the TBS index ([image: ]) using [image: ] except if the transport block is disabled in DCI format 4/4A/4B as specified below. For a transport block that is not mapped to two-layer spatial multiplexing, the TBS is determined by the procedure in Subclause 7.1.7.2.1. For a transport block that is mapped to two-layer spatial multiplexing, the TBS is determined by the procedure in Subclause 7.1.7.2.2.

For, DCI format 7-0A/7-0B, the derived transport block size as described in section 7.1.7.2.1 when the transport block is mapped to one spatial layer and the derived transport block size after TBS translation as described in sections 7.1.7.2.2, 7.1.7.2.4, 7.1.7.2.5 when the transport block is mapped to more than one spatial layer is scaled by , then rounded to the closest valid transport block size 
-	in Table 7.1.7.2.1-1 when the transport block is mapped to one spatial layer,
-	the union of Table 7.1.7.2.1-1 and Table 7.1.7.2.2-1 when the transport block is mapped to two spatial layers,
-	the union of Table 7.1.7.2.1-1 and Table 7.1.7.2.4-1when the transport block is mapped to three spatial layers,
-	the union of Table 7.1.7.2.1-1 and Table 7.1.7.2.5-1when the transport block is mapped to four spatial layers, 
where 

-	 is given by higher layer parameter tbs-scalingFactorSubslotSPS-UL-Repetitions for subslot-PUSCH if the UE is configured with higher layer parameter totalNumberPUSCH-SPS-STTI-UL-Repetitions when the PDCCH/SPDCCH CRC is scrambled by SPS C-RNTI.
-	[image: ]for slot-PUSCH except if the UE is configured with a higher layer parameter symPUSCH-UpPts-r14 and the TB is transmitted in UpPTS of the special subframe in frame structure type 2,  for slot-PUSCH in special subframe configuration with up to 3 UpPTS SC-FDMA data symbols,  for slot-PUSCH in special subframe configuration with more than 3 UpPTS SC-FDMA data symbols, [image: ] for subslot-PUSCH with one data symbol in the subslot, and [image: ] for subslot-PUSCH with two or three data symbols in the subslot. 
If the scaled TBS is closest to two valid transport block sizes, it is rounded to the larger transport block size.
For subframe-PUSCH, the UE shall determine the TBS index ([image: ]) using[image: ] and Table 8.6.1-3, if the UE is configured with higher layer parameter enable256QAM, and if the PDCCH corresponding to the PUSCH transmission is located in UE specific search space with CRC scrambled by the C-RNTI, and 
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet1-DCI-Format0=TRUE, the associated DCI is of format 0/0A/0B, and the subframe of the PUSCH belongs to uplink power control subframe set 1, or,
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet1-DCI-Format4=TRUE, the associated DCI is of format 4/4A/4B, and the subframe of the PUSCH belongs to uplink power control subframe set 1, or,
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet2-DCI-Format0=TRUE, the associated DCI is of format 0/0A/0B, and the subframe of the PUSCH belongs to uplink power control subframe set 2, or,
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet2-DCI-Format4=TRUE, the associated DCI is of format 4/4A/4B, and the subframe of the PUSCH belongs to uplink power control subframe set 2, or,
-	if higher layer parameter tpc-SubframeSet is not configured, higher layer parameter dci-Format0=TRUE, and the associated DCI is of format 0/0A/0B, or,
-	if higher layer parameter tpc-SubframeSet is not configured, higher layer parameter dci-Format4=TRUE, and the associated DCI is of format 4/4A/4B;
otherwise, the UE shall determine the TBS index ([image: ]) using[image: ] and Table 8.6.1-1.
For subslot/slot-PUSCH, the UE shall determine the TBS index ([image: ]) using[image: ] and Table 8.6.1-3, if the UE is configured with higher layer parameter Enable256QAMSTTI, and if the PDCCH/SPDCCH corresponding to the PUSCH transmission is located in UE specific search space with CRC scrambled by the C-RNTI, and 
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet1-256QAM-STTI=TRUE, the associated DCI is of format 7-0A/7-0B, and the subframe of the slot/subslot-PUSCH belongs to uplink power control subframe set 1, or,
-	if higher layer parameter tpc-SubframeSet is configured, higher layer parameter subframeSet2-256QAM-STTI=TRUE, the associated DCI is of format 7-0A/7-0B, and the subframe of the slot/subslot-PUSCH belongs to uplink power control subframe set 2, or,
-	if higher layer parameter tpc-SubframeSet is not configured, and the associated DCI is of format 7-0A/7-0B;
otherwise, the UE shall determine the TBS index ([image: ]) using[image: ] and Table 8.6.1-1. 
If the UE is configured with higher layer parameter symPUSCH-UpPts-r14, ttiBundling=FALSE, and the transport block is transmitted in UpPTS of the special subframe in frame structure type 2, then 
-	for special subframe configuration with up to 3 UpPTS SC-FDMA data symbols:


-	set the Table 7.1.7.2.1-1 column indicator to  instead of  
-	otherwise:


-	set the Table 7.1.7.2.1-1 column indicator to  instead of .
If the transport block is transmitted on an LAA SCell,

-	If , then 
-	if the UE is transmitting a Partial PUSCH Mode 2, or if the UE is transmitting a Partial PUSCH Mode 3 ending at symbol #6


-	set the Table 7.1.7.2.1-1 column indicator to  instead of 
-	if the UE is transmitting a Partial PUSCH Mode 3 ending at symbol #3


-	set the Table 7.1.7.2.1-1 column indicator to  instead of 


- 	If the UE is configured with Partial PUSCH Mode 2 or 3 on the LAA SCell and , the transport block size shall be determined from the latest PDCCH/EPDCCH with DCI format 0A/0B/4A/4B for the same transport block using .
For a non-BL/CE UE and for [image: ],
-	if DCI format 0/0A/0B/7-0A/7-0B is used and [image: ] and N =1 (determined by the procedure in Subclause 8.0) or, if DCI format 4 is used and only 1 TB is enabled and [image: ] for the enabled TB and the number of transmission layers is 1 or if DCI format 4A/4B is used and [image: ] for both TBs and N =1 (determined by the procedure in Subclause 8.0), and if
-	the "CSI request" bit field is 1 bit and is set to trigger an aperiodic CSI report and [image: ] or,
-	the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one serving cell according to Table 7.2.1-1A, and , [image: ] or,
-	the "CSI request" bit field is 2 bits and is triggering aperiodic CSI report for more than one serving cell according to Table 7.2.1-1A and, [image: ] or,
-	the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1B and [image: ] or,
-	the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process according to Table 7.2.1-1B and, [image: ] or,
-	the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process or {CSI process, CSI subframe set}-pair according to Table 7.2.1-1C and [image: ] or,
-	the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process and/or {CSI process, CSI subframe set}-pair according to Table 7.2.1-1C and [image: ], or
-	the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1D or Table 7.2.1-1E or Table 7.2.1-1F or Table 7.2.1-1G and [image: ], or
-	the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for 2 to 5 CSI processes according to Table 7.2.1-1D or Table 7.2.1-1E or Table 7.2.1-1F or Table 7.2.1-1G and [image: ], or
-	the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for more than 5 CSI processes according to Table 7.2.1-1D or Table 7.2.1-1E or Table 7.2.1-1F or Table 7.2.1-1G, or
-	the "CSI request" bit field in DCI format 0A/0B/4A/4B/7-0A/7-0B is set to trigger an aperiodic CSI report, or
-	the "CSI request" bit field is 4 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1H or Table 7.2.1-1I and [image: ], or
-	the "CSI request" bit field is 4 bits and is triggering an aperiodic CSI report for 2 to 5 CSI processes according to Table 7.2.1-1H or Table 7.2.1-1I and [image: ], or
-	the "CSI request" bit field is 4 bits and is triggering an aperiodic CSI report for more than 5 CSI processes according to Table 7.2.1-1H or Table 7.2.1-1I, or
-	the "CSI request" bit field is 5 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1J or Table 7.2.1-1K and [image: ], or
-	the "CSI request" bit field is 5 bits and is triggering an aperiodic CSI report for 2 to 5 CSI processes according to Table 7.2.1-1J or Table 7.2.1-1K and [image: ], or
-	the "CSI request" bit field is 5 bits and is triggering an aperiodic CSI report for more than 5 CSI processes according to Table 7.2.1-1J or Table 7.2.1-1K, or
-	the "CSI request" bit field in DCI is set to trigger an aperiodic CSI report and UE is configured with higher layer parameter advancedCodebookEnabled, 
-	the "CSI request" bit field in DCI is set to trigger an aperiodic CSI report and UE is configured with higher layer parameter FeCoMPCSIEnabled,
then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH reporting mode is transmitted by the UE. 
-	Otherwise, the transport block size shall be determined from the initial PDCCH/EPDCCH/SPDCCH for the same transport block using [image: ]. If there is no initial PDCCH/EPDCCH/SPDCCH with an uplink DCI format for the same transport block using [image: ], the transport block size shall be determined from
-	the most recent semi-persistent scheduling assignment PDCCH/EPDCCH/SPDCCH, when the initial PUSCH for the same transport block is semi-persistently scheduled, or, 
-	the random access response grant for the same transport block, when the PUSCH is initiated by the random access response grant.
In DCI format 4 a transport block is disabled if either the combination of [image: ] and [image: ] or the combination of [image: ] and [image: ] is signalled, otherwise the transport block is enabled. 

In DCI formats 4A/4B a transport block is disabled if  and otherwise the transport block is enabled.
If DCI format 4B is used and [image: ] for both TBs, UE is not expected to receive the value of N >1 as determined by the procedure in Subclause 8.0.
If DCI format 0B is used and [image: ], UE is not expected to receive the value of N >1 as determined by the procedure in Subclause 8.0.
For a BL/CE UE configured with CEModeA and a PUSCH transmission not scheduled by the Random Access Response Grant, 
-	if the UE is configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15,



-	if the value of the 'number of resource units' field in the scheduling grant is set to '01', the TBS is determined according to the procedure in Subclause 7.1.7.2.1 with  and  for ,



-	elseif the value of the 'number of resource units' field in the scheduling grant is set to '10', the TBS is determined according to the procedure in Subclause 7.1.7.2.1 with  and for ,





-	elseif the value of the 'number of resource units' field in the scheduling grant is set to '11',  where  is the TBS determined according to the procedure in Subclause 7.1.7.2.1 with  and  for ,
-	elseif the UE is configured with higher layer parameter ce-pusch-nb-maxTbs-config with value 'On', and if the MPDCCH corresponding to the PUSCH transmission is located in UE-specific search space, the UE shall first determine the TBS index ([image: ]) using[image: ]and Table 8.6.1-2A;
-	otherwise, the UE shall first determine the TBS index ([image: ]) using[image: ]and Table 8.6.1-2. 
For a BL/CE UE configured with CEModeA and a PUSCH transmission not scheduled by the Random Access Response Grant, 


-	if the UE is configured with higher layer parameter edt-Pparameters-r15, and if the uplink scheduling grant corresponding to the PUSCH transmission indicates a retransmission as part of the contention based random access procedure with  and the most recent PUSCH transmission including a transport block with EDT, the TBS is determined by the procedure in Subclause 7.1.7.2.1, for  and the transport block does not include EDT; 

-	elseif the UE is configured with higher layer parameter edt-Pparameters-r15, and if the uplink scheduling grant corresponding to the PUSCH transmission indicates a retransmission of the same transport block including EDT as part of the contention based random access procedure with ,




-	if the UE is configured with higher layer parameter edt-SsmallTBS-Enabled-r15, the repetition number for the transmission of Msg3 PUSCH is the smallest integer multiple of M  that is equal to or larger than where  is the TBS corresponding to the PUSCH transmission scheduled by the Random Access Response Grant, and  is the value of the higher layer parameter edt-TBS-r15. M = 4 if > 4, M = 1 otherwise.
-	otherwise, the TBS is given by higher layer parameter edt-TBS-r15.
-	elseif the UE is not configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15, or if the UE is configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15 and the value of the 'number of resource units' field in the scheduling grant is set to '00'

-	if the UE is configured with higher layer parameter ce-pusch-maxBandwidth-config with value 5MHz, the TBS is determined by the procedure in Subclause 7.1.7.2.1, for  
-	otherwise, the TBS is determined by the procedure in Subclause 7.1.7.2.1. 
For a BL/CE UE configured with CEModeA and a PUSCH transmission scheduled by the Random Access Response Grant, 
-	if the UE is configured with higher layer parameter edt-Pparameters-r15, and the higher layers indicate EDT to the physical layer as defined in [8],
-	if the UE is not configured with higher layer parameter edt-SsmallTBS-Enabled-r15, the TBS is given by higher layer parameter edt-TBS-r15, the UE selects a TBS from the allowed TBS values in Table 8.6.2-1 otherwise.
-	otherwise, the UE shall determine the TBS index by the procedure in Subclause 6.2.
Table 8.6.2-1: EDT TBS for CEModeA with edt-SsmallTBS-Enabled-r15 set to “true”.
	edt-TBS-r15
	edt-SmallTBS-Subset-r15
	Allowable TBS values

	408
	not configured
	328, 408

	504
	not configured
	328, 408, 456, 504

	504
	enabled
	 408, 504

	600
	not configured
	328, 408, 504, 600

	600
	enabled
	408, 600

	712
	not configured
	328, 456, 600, 712

	712
	enabled
	456, 712

	808
	not configured
	328, 504, 712, 808

	808
	enabled
	504, 808

	936
	not configured
	328, 504, 712, 936

	936
	enabled
	504, 936

	1000
	not configured
	328, 536, 776, 1000

	1000
	enabled
	536, 1000



For a BL/CE UE configured with CEModeB, 
-	if the UE is configured with higher layer parameter edt-Pparameters-r15, and if the PUSCH transmission is scheduled by the Random Access Response Grant, and the higher layers indicate EDT to the physical layer as defined in [8],
-	if the UE is not configured with higher layer parameter edt-SsmallTBS-Enabled-r15, the TBS is given by higher layer parameter edt-TBS-r15, the UE selects a TBS from the allowed TBS values in Table 8.6.2-2 otherwise.


-	elseif the UE is configured with higher layer parameter edt-Pparameters-r15, and if the uplink scheduling grant corresponding to the PUSCH transmission indicates a retransmission as part of the contention based random access procedure with  and the most recent PUSCH transmission including a transport block with EDT, the UE shall determine the TBS index ([image: ]) using [image: ] and Table 8.6.1-2, and the TBS is determined by the procedure in Subclause 7.1.7.2.1, for  and the transport block does not include EDT

-	elseif the UE is configured with higher layer parameter edt-Pparameters-r15, and if the uplink scheduling grant corresponding to the PUSCH transmission indicates a retransmission of the same transport block including EDT as part of the contention based random access procedure with ,




-	if the UE is configured with higher layer parameter edt-SsmallTBS-Enabled-r15, the repetition number for the transmission of Msg3 PUSCH is the smallest integer multiple of M  that is equal to or larger than  where  is the TBS corresponding to the PUSCH transmission scheduled by the Random Access Response Grant, and  is the value of the higher layer parameter edt-TBS-r15. M = 4 if > 4, M = 1 otherwise.
-	otherwise, the TBS is given by higher layer parameter edt-TBS-r15.
-	elseif the UE is configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15, and the value of the 'sub-PRB allocation flag' field in the scheduling grant is set to '1', 



-	if the value of the 'number of resource units' field in the scheduling grant is set to '0', the TBS is determined according to the procedure in Subclause 7.1.7.2.1 with  and for ,



-	elseif the value of the 'number of resource units' field in the scheduling grant is set to '1', the TBS is determined according to the procedure in Subclause 7.1.7.2.1 with  and  for ,



-	otherwise, the UE shall determine the TBS index ([image: ]) using [image: ] and Table 8.6.1-2, and the TBS is determined according to the procedure in Subclause 7.1.7.2.1 for , and =6 when resource allocation field is '110' or '111' otherwise= 3.
Table 8.6.2-2: EDT TBS for CEModeB with edt-SsmallTBS-Enabled-r15 set to “true”.
	edt-TBS-r15
	edt-SmallTBS-Subset-r15
	Allowable TBS values

	408
	not configured
	328, 408

	456
	not configured
	328, 408, 456

	456
	enabled
	408, 456

	504
	not configured
	328, 408, 456, 504

	504
	enabled
	 408, 504

	600
	not configured
	328, 408, 504, 600

	600
	enabled
	408, 600

	712
	not configured
	328, 456, 600, 712

	712
	enabled
	456, 712

	808
	not configured
	328, 504, 712, 808

	808
	enabled
	504, 808

	936
	not configured
	328, 504, 712, 936

	936
	enabled
	504, 936



[bookmark: _Toc415085501]
8.6.3	Control information MCS offset determination



Offset values are defined for single codeword PUSCH transmission and multiple codeword PUSCH transmission. Single codeword subframe-PUSCH transmission offsets [image: ], [image: ] and [image: ] shall be configured to values according to Table 8.6.3-1,2,3 with the higher layer signalled indexes [image: ] if the UE transmits no more than 22 HARQ-ACK bits on a PUSCH or if  is not configured, [image: ], and [image: ], respectively. Single codeword PUSCH transmission offset [image: ]shall be configured to values according to [Table 8.6.3-1] with the higher layer signalled index  if the UE transmits more than 22 HARQ-ACK bits on a PUSCH and  is configured. 
AUL PUSCH transmission offset for AUL-UCI  shall be configured to values according to Table 8.6.3-1 with the higher layer signalled index .
If the UE is configured with higher layer parameter ul-TTI-Length, 





-	slot-PUSCH transmission offsets, , and  shall be configured via higher layer parameters betaOffsetSlot-ACK-Index, betaOffsetSlot-RI-Index, and betaOffsetSlot-CQI-Index to values according to Table 8.6.3-1, Table 8.6.3-2, and Table 8.6.3-3 with the higher layer signalled indexes [image: ] if the UE transmits no more than 22 HARQ-ACK bits on a PUSCH, and [image: ], and [image: ]respectively. Slot-PUSCH transmission offset shall be configured to values according to Table 8.6.3-1 with the higher layer signalled index  if the UE transmits more than 22 HARQ-ACK bits on a slot-PUSCH.

















-	subslot-PUSCH transmission offsets, , , , and  shall be configured via higher layer parameters betaOffsetSubslot-ACK-Index, betaOffset2Subslot-ACK-Index, betaOffsetSubslot-RI-Index, betaOffset2Subslot-RI-Index, and betaOffsetSubslot-CQI-Index to values according to Table 8.6.3-1, Table 8.6.3-2, and Table 8.6.3-3 with the higher layer signalled indexes ,  if the UE transmits no more than 22 HARQ-ACK bits on a PUSCH, and ,  and [image: ]respectively. Subslot-PUSCH transmission offset and shall be configured to values according to Table 8.6.3-1 with the higher layer signalled index , and  if the UE transmits more than 22 HARQ-ACK bits on a subslot-PUSCH. If the Beta offset indicator field in PDCCH/SPDCCH with DCI format 7-0A/7-0B is set to 0, , and , otherwise , and .



Multiple codeword PUSCH transmission offsets [image: ], [image: ] and [image: ] shall be configured to values according to Table 8.6.3-1,2,3 with the higher layer signalled indexes [image: ] if the UE transmits no more than 22 HARQ-ACK bits on a PUSCH or if  is not configured, [image: ] and [image: ], respectively. Multiple codeword PUSCH transmission offset [image: ]shall be configured to values according to [Table 8.6.3-1] with the higher layer signalled index  if the UE transmits more than 22 HARQ-ACK bits on a PUSCH and  is configured.
If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell [image: ], and if a subframe belongs to uplink power control subframe set 2 as indicated by the higher layer parameter tpc-SubframeSet-r12, then for that subframe, the UE shall use


-	the higher layer indexes [image: ], , [image: ]and [image: ] in place of [image: ], , [image: ], and [image: ] respectively in Tables 8.6.3-1,2,3, to determine [image: ], [image: ] and [image: ] respectively for single codeword PUSCH transmissions, and


-	the higher layer indexes [image: ], , [image: ] and [image: ] in place of [image: ], , [image: ] and [image: ] respectively in Tables 8.6.3-1,2,3, to determine [image: ], [image: ] and [image: ] respectively for multiple codeword PUSCH transmissions.

Table 8.6.3-1: Mapping of HARQ-ACK offset or AUL-UCI offset values and the index signalled by higher layers
	[image: ] or [image: ] or 
	[image: ] or   

	0
	2.000

	1
	2.500

	2
	3.125

	3
	4.000

	4
	5.000

	5
	6.250

	6
	8.000

	7
	10.000

	8
	12.625

	9
	15.875

	10
	20.000

	11
	31.000

	12
	50.000

	13
	80.000

	14
	126.000

	15
	1.0




Table 8.6.3-2: Mapping of RI offset values and the index signalled by higher layers
	[image: ] or [image: ]
	[image: ]

	0
	1.250

	1
	1.625

	2
	2.000

	3
	2.500

	4
	3.125

	5
	4.000

	6
	5.000

	7
	6.250

	8
	8.000

	9
	10.000

	10
	12.625

	11
	15.875

	12
	20.000

	13
	reserved

	14
	reserved

	15
	reserved




Table 8.6.3-3: Mapping of CQI offset values and the index signalled by higher layers
	[image: ] or [image: ]
	[image: ]

	0
	reserved

	1
	reserved

	2
	1.125

	3
	1.250

	4
	1.375

	5
	1.625

	6
	1.750

	7
	2.000

	8
	2.250

	9
	2.500

	10
	2.875

	11
	3.125

	12
	3.500

	13
	4.000

	14
	5.000

	15
	6.250
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