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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in [1].

BL/CE: A Bandwidth-reduced Low-complexity or Coverage Enhanced (BL/CE) UE is capable of coverage enhancement mode A support and intends to access a cell in a coverage enhancement mode or is configured in a coverage enhancement mode.
3.2
Symbols

For the purposes of the present document, the following symbols apply:
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Downlink bandwidth configuration, expressed in number of resource blocks [2]
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Uplink bandwidth configuration, expressed in number of resource blocks [2]
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Sidelink bandwidth configuration, expressed in number of resource blocks [2] 
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Number of sidelink subchannels configured on the resource pool of a subcarrier [2]
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Resource block size in the frequency domain, expressed as a number of subcarriers
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Number of SC-FDMA symbols carrying PUSCH in a subframe
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Number of SC-FDMA symbols carrying PUSCH in the initial PUSCH transmission subframe
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Number of SC-FDMA symbols in an uplink slot 
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Number of SC-FDMA symbols in a sidelink slot
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Number of SC-FDMA symbols used for SRS transmission in a subframe (0 or 1). 

3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

BCH
Broadcast channel

CFI
Control Format Indicator

CP
Cyclic Prefix

CSI
Channel State Information
DCI
Downlink Control Information

DL-SCH
Downlink Shared channel

EPDCCH
Enhanced Physical Downlink Control channel 

FDD
Frequency Division Duplexing

HI
HARQ indicator 
LAA
Licensed-Assisted Access

MCH
Multicast channel

MPDCCH
MTC Physical Downlink Control Channel 

MUST
Multiuser Superposition Transmission 
NPBCH
Narrowband Physical Broadcast channel
NPDCCH
Narrowband Physical Downlink Control channel
NPDSCH
Narrowband Physical Downlink Shared channel
NPRACH
Narrowband Physical Random Access channel
NPUSCH
Narrowband Physical Uplink Shared channel
PBCH
Physical Broadcast channel

PCFICH
Physical Control Format Indicator channel

PCH
Paging channel

PDCCH 
Physical Downlink Control channel

PDSCH
Physical Downlink Shared channel

PHICH
Physical HARQ indicator channel

PMCH
Physical Multicast channel

PMI
Precoding Matrix Indicator

PRACH
Physical Random Access channel

PSBCH
Physical Sidelink Broadcast Channel

PSCCH
Physical Sidelink Control Channel

PSDCH
Physical Sidelink Discovery Channel

PSSCH
Physical Sidelink Shared Channel 

PUCCH
Physical Uplink Control channel

PUSCH
Physical Uplink Shared channel

RACH
Random Access channel

RI
Rank Indication 
SCI
Sidelink Control Information

SL-BCH
Sidelink Broadcast Channel
SL-DCH
Sidelink Discovery Channel

SL-SCH
Sidelink Shared Channel

SPDCCH
Short Physical Downlink Control channel
SPUCCH
Short Physical Uplink Control channel
SR
Scheduling Request

SRS
Sounding Reference Signal

TDD
Time Division Duplexing

TPMI
Transmitted Precoding Matrix Indicator

UCI

Uplink Control Information

UL-SCH
Uplink Shared channel

4 Mapping to physical channels

The mapping to physical channels for Narrowband IoT is provided in section 6.1.
4.1
Uplink

Table 4.1-1 specifies the mapping of the uplink transport channels to their corresponding physical channels. Table 4.1-2 specifies the mapping of the uplink control channel information to its corresponding physical channel.

Table 4.1-1

	TrCH
	Physical Channel

	UL-SCH
	PUSCH

	RACH
	PRACH


Table 4.1-2

	Control information
	Physical Channel

	UCI
	PUCCH, PUSCH, SPUCCH


4.2
Downlink

Table 4.2-1 specifies the mapping of the downlink transport channels to their corresponding physical channels. Table 4.2-2 specifies the mapping of the downlink control channel information to its corresponding physical channel.

Table 4.2-1

	TrCH
	Physical Channel

	DL-SCH
	PDSCH

	BCH
	PBCH

	PCH
	PDSCH

	MCH
	PMCH


Table 4.2-2

	Control information
	Physical Channel

	CFI
	PCFICH

	HI
	PHICH

	DCI
	PDCCH, EPDCCH, MPDCCH, SPDCCH


< Unchanged parts are omitted >

5.2.2.6 
Channel coding of control information

Control data arrives at the coding unit in the form of channel quality information (CQI and/or PMI), HARQ-ACK and rank indication, and CSI-RS resource indication (CRI). Different coding rates for the control information are achieved by allocating different number of coded symbols for its transmission. When control data are transmitted in the PUSCH, the channel coding for HARQ-ACK, rank indication (including RI only, joint report of RI/i1, joint report of CRI/RI, joint report of CRI/RI/i1, joint report of CRI/RI/PTI, joint report of RI/i1,p-2, and joint report of RI/PTI), CRI and channel quality information 
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 is done independently. Parameters i1,1-1 , i1,2-1 , i1,1-2 , i1,2-2 , i1,p-2 correspond to parameters 
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 in section 7.2.4 of [3].

For the cases with TDD primary cell, the number of HARQ-ACK bits is determined as described in section 7.3 of [3].

When the UE transmits HARQ-ACK bits, rank indicator bits or CRI bits, it shall determine the number of coded modulation symbols per layer 
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 for HARQ-ACK, rank indicator, or CRI bits as follows.

For the case when only one transport block is transmitted in the PUSCH conveying the HARQ-ACK bits
, rank indicator bits or CRI bits:
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where 

-
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 is the number of HARQ-ACK bits, rank indicator bits or CRI bits, and

-
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 is the scheduled bandwidth for PUSCH transmission in the current sub-frame/slot/subslot for the transport block, expressed as a number of subcarriers in [2], and 
-
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is the number of SC-FDMA symbols per subframe/slot/subslot for initial PUSCH transmission for the same transport block, respectively, given by
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 for PUSCH with slot duration, or
-
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 for PUSCH with subslot duration, 

-

[image: image26.wmf]subslot

N

symb

 is the number of SC-FDMA symbols of the subslot as defined in section x.x.x of [2],
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 is the number of SC-FDMA symbols for DMRS of the subslot as defined in section x.x.x of [2]
-
otherwise 
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 is equal to 1 
-
if UE configured with one UL cell is configured to send PUSCH and SRS in the same subframe/slot/subslot for initial transmission, or

-
if UE transmits PUSCH and SRS in the same subframe/slot/subslot in the same serving cell for initial transmission, or 
-
if the PUSCH resource allocation for initial transmission even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2], and for PUSCH with slot/subslot duration if the current slot/subslot is the last slot/subslot in a subframe, or 
-
if the subframe/slot/subslot for initial transmission in the same serving cell is in a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3], and for PUSCH with slot/subslot duration if the current slot/subslot is the last slot/subslot in a subframe, or 
-
if the subframe/slot/subslot for initial transmission in the same serving cell is in a UE-specific type-0 SRS subframe as defined in section 8.2 of [3] and the UE is configured with multiple TAGs, and for PUSCH with slot/subslot duration if the current slot/subslot is the last slot/subslot in a subframe. 
-
Otherwise 
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 is equal to 0. 
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 is equal to 1 when the UE configured for uplink transmission on a LAA SCell is indicated to transmit the PUSCH not starting from the beginning of the first symbol of the subframe, otherwise is equal to 0. 

-
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 is equal to 1 when the UE configured for uplink transmission on a LAA SCell is indicated to transmit the PUSCH up to the second to last symbol of the subframe and 
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 is equal to 0, otherwise is equal to 0.
-
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 are obtained from the initial PDCCH or EPDCCH or MPDCCH or SPDCCH for the same transport block. If there is no initial PDCCH or EPDCCH with DCI format 0 or MPDCCH with DCI format 6-0A/6-0B for the same transport block, 
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 shall be determined from
:

-
the most recent semi-persistent scheduling assignment PDCCH or EPDCCH or MPDCCH, 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 the case when two transport blocks are transmitted in the PUSCH conveying the HARQ-ACK bits, rank indicator bits or CRI bits
:
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where 

-
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 is the number of HARQ-ACK bits, rank indicator bits or CRI bits, and

-
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 is the modulation order of transport block “x”, and 
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 are the scheduled bandwidths for PUSCH transmission in the initial sub-frame for the first and second transport block, respectively,  expressed as a number of subcarriers in [2], and 
-
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are the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the first and second transport block given by 
[image: image55.wmf](

)

(

)

}

2

,

1

{

,

1

2

)

(

end

)

(

start

)

(

SRS

UL

symb

)

(

symb

=

-

-

-

-

×

=

x

N

N

N

N

N

x

PUSCH

x

PUSCH

x

x

ial

PUSCH-init

, where 
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 is equal to 1 
-
if UE configured with one UL cell is configured to send PUSCH and SRS in the same subframe for initial transmission, or

-
if UE transmits PUSCH and SRS in the same subframe in the same serving cell for initial transmission of transport block “x”, or 
-
if the PUSCH resource allocation for initial transmission of transport bock “x”  even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2] , or 
-
if the subframe for initial transmission of transport block “x” in the same serving cell is a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3], or 
-
if the subframe for initial transmission of transport block “x” in the same serving cell is a UE-specific type-0 SRS subframe as defined in section 8.2 of [3] and the UE is configured with multiple TAGs. 
-
Otherwise 
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 is equal to 1 when the UE configured for uplink transmission on a LAA SCell is indicated to transmit the PUSCH for the first and second transport block not starting from the beginning of the first symbol of the subframe, otherwise is equal to 0. 
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 is equal to 1 when the UE configured for uplink transmission on a LAA SCell is indicated to transmit the PUSCH for the first and second transport block up to the second to last symbol of the subframe and 
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 are obtained from the initial PDCCH or EPDCCH for the corresponding transport block. 

For HARQ-ACK, 
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is the modulation order of a given transport block. For UEs configured with no more than five DL cells, 
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 shall be determined according to [3] depending on the number of transmission codewords for the corresponding PUSCH. For UEs configured with more than five DL cells, 
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 shall be determined according to [3] depending on the number of transmission codewords for the corresponding PUSCH and and the number of HARQ-ACK feedback bits.
For rank indication or CRI, 
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 shall be determined according to [3] depending on the number of transmission codewords for the corresponding PUSCH, and on the uplink power control subframe set for the corresponding PUSCH when two uplink power control subframe sets are configured by higher layers for the cell.

For HARQ-ACK

-
Each positive acknowledgement (ACK) is encoded as a binary ‘1’ and each negative acknowledgement (NACK) is encoded as a binary ‘0’

-
If HARQ-ACK feedback consists of 1-bit of information, i.e., 
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If HARQ-ACK feedback consists of 2-bits of information, i.e., 
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 corresponding to HARQ-ACK bit for codeword 0 and 
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 corresponding to that for codeword 1, or if HARQ-ACK feedback consists of 2-bits of information as a result of the aggregation of HARQ-ACK bits corresponding to two DL cells with which the UE is configured by higher layers, or if HARQ-ACK feedback consists of 2-bits of information corresponding to two subframes for TDD, it is first encoded according to Table 5.2.2.6-2 where 
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Table 5.2.2.6-1: Encoding of 1-bit HARQ-ACK

	Qm
	Encoded HARQ-ACK

	2
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Table 5.2.2.6-2: Encoding of 2-bit HARQ-ACK

	Qm
	Encoded HARQ-ACK

	2
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-
If HARQ-ACK feedback consists of 
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 bits of information as a result of the aggregation of HARQ-ACK bits corresponding to one or more DL cells with which the UE is configured by higher layers, i.e., 
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, then a coded bit sequence 
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 is obtained by using the bit sequence 
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 as the input to the channel coding block described in section 5.2.2.6.4. In turn, the bit sequence 
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 is obtained by the circular repetition of the bit sequence 
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 so that the total bit sequence length is equal to
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 bits of information as a result of the aggregation of HARQ-ACK bits corresponding to one or more DL cells with which the UE is configured by higher layers, i.e., 
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, then the coded bit sequence 
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 is obtained by using the bit sequence 
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 as the input to the channel coding block described in section 5.2.2.6.5. 
-
If HARQ-ACK feedback consists of 
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 bits of information as a result of the aggregation of HARQ-ACK bits corresponding to one or more DL cells with which the UE is configured by higher layers, the coded bit sequence is denoted by 
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. The CRC attachment, channel coding and rate matching of the HARQ-ACK bits are performed according to sections 5.1.1 setting L to 8 bits, 5.1.3.1 and 5.1.4.2, respectively. The input bit sequence to the CRC attachment operation is 
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. The output bit sequence of the CRC attachment operation is the input bit sequence to the channel coding operation. The output bit sequence of the channel coding operation is the input bit sequence to the rate matching operation.

The “x” and “y” in Table 5.2.2.6-1 and 5.2.2.6-2 are placeholders for [2] to scramble the HARQ-ACK bits in a way that maximizes the Euclidean distance of the modulation symbols carrying HARQ-ACK information.

For FDD or TDD HARQ-ACK multiplexing or the aggregation of more than one DL cell including at least one cell using FDD and at least one cell using TDD when HARQ-ACK consists of one or two bits of information, the bit sequence 
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 is obtained by concatenation of multiple encoded HARQ-ACK blocks where 
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 is the total number of coded bits for all the encoded HARQ-ACK blocks.  The last concatenation of the encoded HARQ-ACK block may be partial so that the total bit sequence length is equal to
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For UEs configured by higher layers with codebooksizeDetermination-r13 = dai, the bit sequence 
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 is determined according to the Downlink Assignment Index (DAI) as in Table 5.3.3.1.2-2 and as defined in [3]. Otherwise, the bit sequence 
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 is determined as below. 
For FDD when HARQ ACK consists of 2 or more bits of information as a result of the aggregation of more than one DL cell, the bit sequence 
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 is the result of the concatenation of HARQ-ACK bits for the multiple DL cells according to the following pseudo-code: 

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

Set 
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 to the number of cells configured by higher layers for the UE

while c < 
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if transmission mode configured in cell 
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–  1 bit HARQ-ACK feedback for this cell
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 HARQ-ACK bit of this cell



j = j + 1



else 
if the UE is not configured with spatial bundling on PUSCH by higher layers
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 HARQ-ACK bit corresponding to the second codeword of this cell
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 binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of this cell 
j = j + 1
end if

end if

c = c + 1

end while 
For the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD, the bit sequence 
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 is the result of the concatenation of HARQ-ACK bits for one or multiple DL cells. Define 
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 as the number of cells configured by higher layers for the UE and 
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 as the number of subframes for which the UE needs to feed back HARQ-ACK bits in UL subframe n for the c-th serving cell. For a cell using TDD, the subframes are determined by the DL-reference UL/DL configuration if the UE is configured with higher layer parameter eimta-HARQ-ReferenceConfig, and determined by the UL/DL configuration otherwise. For a cell using TDD, 
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 if subframe n-4 in the cell, or subframe n-3 in the cell if higher layer parameter shortProcessingTime is configured for the primary cell, is a DL subframe or a special subframe with special subframe configurations 1/2/3/4/6/7/8/9/10 and normal downlink CP or a special subframe with special subframe configurations 1/2/3/5/6/7 and extended downlink CP, and 
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The bit sequence 
[image: image120.wmf]01

1

 ,..., 

ACK

ACKACKACK

O

ooo

-

%%%

 is performed according to the following pseudo-code: 

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

while c < 
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if transmission mode configured in cell 
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 –  1 bit HARQ-ACK feedback for this cell
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j = j + 1



else 
if the UE is not configured with spatial bundling on PUSCH by higher layers
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 HARQ-ACK bit corresponding to the first codeword of this cell
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 HARQ-ACK bit corresponding to the second codeword of this cell
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else
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 binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of this cell 
j = j + 1
end if


end if
end if
c = c + 1

end while
For the cases with TDD primary cell when HARQ-ACK is for the aggregation of one or more DL cells and the UE is configured with PUCCH format 3, PUCCH format 4 or PUCCH format 5 [3], the bit sequence 
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 is the result of the concatenation of HARQ-ACK bits for the one or more DL cells configured by higher layers and the multiple subframes as defined in [3].

Define 
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 as the number of cells configured by higher layers for the UE and 
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 as the number of subframes for which the UE needs to feed back HARQ-ACK bits as defined in Section 7.3 of [3].

The number of HARQ-ACK bits for the UE to convey if it is configured with PUCCH format 3, PUCCH format 4 or PUCCH format 5 is computed as follows: 

Set k = 0 – counter of HARQ-ACK bits

Set c=0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

while c < 
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set l = 0;

while l < 
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if transmission mode configured in cell 
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 -- 1 bit HARQ-ACK feedback for this cell




k = k + 1




else




k = k + 2


end if

l = l+1

end while

c = c + 1

end while

When PUCCH format 3 is configured, if k  ≤  20 when TDD is used in all the configured serving cell(s) of the UE, or if k  ≤  21 when FDD is used in at least one of the configured serving cells with TDD primary cell; or when PUCCH format 4 or PUCCH format 5 is configured and when the UE is not configured with spatial bundling on PUSCH by higher layers, the multiplexing of HARQ-ACK bits is performed according to the following pseudo-code:
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

while c < 
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set l = 0;

while l < 
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if transmission mode configured in cell 
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 -- 1 bit HARQ-ACK feedback for this cell
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 HARQ-ACK bit of this cell as defined in Section 7.3 of [3]




j = j + 1




else





[image: image138.wmf]]

,

[

]

~

,

~

[

1

2

,

2

,

1

ACK

l

c

ACK

l

c

ACK

j

ACK

j

o

o

o

o

+

+

=
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j = j + 2


end if

l = l+1

end while

c = c + 1

end while

When PUCCH format 3 is configured, if k  >  20 when TDD is used in all the configured serving cell(s) of the UE, or if k  > 21 when FDD is used in at least one of the configured serving cells with TDD primary cell, spatial bundling is applied to all subframes in all cells; or when PUCCH format 4 or PUCCH format 5 is configured and when the UE is configured with spatial bundling on PUSCH by higher layers, the multiplexing of HARQ-ACK bits is performed according to the following pseudo-code:
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

while c < 
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set l = 0;

while l < 
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if transmission mode configured in cell 
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end if

l = l+1

end while

c = c + 1

end while

For 
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 is obtained by setting 
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For the cases with TDD primary cell when HARQ-ACK is for the aggregation of two DL cells and the UE is configured with PUCCH format 1b with channel selection, the bit sequence
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 is obtained as described in section 7.3 of [3].

For TDD HARQ-ACK bundling, a bit sequence 
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 is obtained by concatenation of multiple encoded HARQ-ACK blocks where 
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 is the total number of coded bits for all the encoded HARQ-ACK blocks.  The last concatenation of the encoded HARQ-ACK block may be partial so that the total bit sequence length is equal to
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 is determined as described in section 7.3 of [3]. The bit sequence 
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  as follows

Set i ,k to 0

while 
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Table 5.2.2.6-A: Scrambling sequence selection for TDD HARQ-ACK bundling
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When HARQ-ACK information is to be multiplexed with UL-SCH at a given PUSCH, the HARQ-ACK information is multiplexed in all layers of all transport blocks of that PUSCH, For a given transport block, the vector sequence output of the channel coding for HARQ-ACK information is denoted by 
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Set i ,k to 0

while 
[image: image179.wmf]ACK

Q

i

<



[image: image180.wmf]]

...

 

[

ˆ

1

ACK

Q

i

ACK

i

ACK

k

m

q

q

q

-

+

=

 -- temporary row vector 


[image: image181.wmf]T

N

ACK

k

ACK

k

ACK

k

L

q

q

q

]

ˆ

ˆ

[

4

4

8

4

4

7

6

L

=

 -- replicating the row vector 
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end while

where 
[image: image185.wmf]L
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 is the number of layers onto which the UL-SCH transport block is mapped.

For rank indication (RI) (RI only, joint report of RI and i1, joint report of CRI and RI, joint report of CRI, RI and i1, joint report of CRI, RI, and PTI, joint report of RI and i1,p-2, and joint report of RI and PTI) or CRI 
-
The corresponding bit widths for CRI feedback for PDSCH transmissions are given by Tables 5.2.2.6.1-2A, 5.2.2.6.1-2C, 5.2.2.6.2-3A, 5.2.2.6.2-3C, 5.2.2.6.3-3A, 5.2.2.6.3-3C, 5.2.3.3.1-3E, 5.2.3.3.1-3H, 5.2.3.3.2-4E, and 5.2.3.3.2-4H.
-
The corresponding bit widths for RI feedback for PDSCH transmissions are given by Tables 5.2.2.6.1-2, 5.2.2.6.1-2B, 5.2.2.6.1-2D, 5.2.2.6.1-2E, 5.2.2.6.2-3, 5.2.2.6.2-3B, 5.2.2.6.2-3D, 5.2.2.6.2-3E, 5.2.2.6.3-3, 5.2.2.6.3-3B, 5.2.2.6.3-3D, 5.2.2.6.3-3E, 5.2.3.3.1-3, 5.2.3.3.1-3A, 5.2.3.3.1-3B, 5.2.3.3.1-3B-1, 5.2.3.3.1-3C, 5.2.3.3.1-3D, 5.2.3.3.1-3F, 5.2.3.3.1-3G, 5.2.3.3.1-3I, 5.2.3.3.1-3J, 5.2.3.3.1-5, 5.2.3.3.2-4, 5.2.3.3.2-4A, 5.2.3.3.2-4B, 5.2.3.3.2-4C, 5.2.3.3.2-4D, 5.2.3.3.2-4F, 5.2.3.3.2-4G and 5.2.3.3.2-4I which are determined assuming the maximum number of layers as follows: 
-
If the maxLayersMIMO-r10 is configured for the DL cell, the maximum number of layers is determined according to maxLayersMIMO-r10 for the DL cell
-
Else,
-
If the UE is configured with transmission mode 9, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of the configured number of CSI-RS ports and the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band combination.
-
If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1, and RI and CRI are transmitted in the same reporting instance, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of the maximum of number of antenna port of the configured CSI-RS resources and the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band combination.
-
If the UE is configured with transmission mode 9, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of the configured number of CSI-RS ports and ue-Category (without suffix).
-
If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1, and RI and CRI are transmitted in the same reporting instance, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of the maximum of number of antenna port of the configured CSI-RS resources and ue-Category (without suffix). 
-
If the UE is configured with transmission mode 9, and higher layer parameter semiOpenLoop, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of 2 and the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band combination.
-
If the UE is configured with transmission mode 9, and higher layer parameter semiOpenLoop, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of 2 and ue-Category (without suffix).
 -
If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1 with activatedResources>1, and RI and CRI are transmitted in the same reporting instance, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of the maximum of number of antenna ports of the activated CSI-RS resources and the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band combination.
-
If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1 with activatedResources>1, and RI and CRI are transmitted in the same reporting instance, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of the maximum of number of antenna ports of the activated CSI-RS resources and ue-Category (without suffix).
-
If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with activatedResources=1 or numberActivatedAperiodicCSI-RS-Resources>0, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of the number of antenna port of the activated or selected CSI-RS resource and the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band combination.
-
If the UE is configured with transmission mode 9, and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with activatedResources=1 or numberActivatedAperiodicCSI-RS-Resources>0, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of the number of antenna ports of the activated or selected CSI-RS resource and ue-Category (without suffix).
-
If the UE is configured with transmission mode 9 and higher layer parameter eMIMO-Type and eMIMO-Type2, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of the configured number of CSI-RS ports of eMIMO-Type2 and the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band combination.
-
If the UE is configured with transmission mode 9 and higher layer parameter eMIMO-Type and eMIMO-Type2, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of the configured number of CSI-RS ports of eMIMO-Type2 and ue-Category (without suffix).
-
If the UE is configured with transmission mode 10, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is determined according to the minimum of the configured number of CSI-RS ports for that CSI process and the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band combination.
-
If the UE is configured with transmission mode 10, and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1, and RI and CRI are transmitted in the same reporting instance, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is determined according to the minimum of the maximum of number of antenna port of the configured CSI-RS resources in that CSI process and the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band combination.
-
If the UE is configured with transmission mode 10, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is determined according to the minimum of the configured number of CSI-RS ports for that CSI process and ue-Category (without suffix). 
-
If the UE is configured with transmission mode 10, and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1, and RI and CRI are transmitted in the same reporting instance, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is determined according to the minimum of the maximum of number of antenna port of the configured CSI-RS resources in that CSI process and ue-Category (without suffix). 
-
If the UE is configured with transmission mode 10, and higher layer parameter semiOpenLoop, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is determined according to the minimum of 2 and the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band combination.
-
If the UE is configured with transmission mode 10, and higher layer parameter semiOpenLoop, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is determined according to the minimum of 2 and ue-Category (without suffix). 
-
If the UE is configured with transmission mode 10, and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1 with activatedResources>1, and RI and CRI are transmitted in the same reporting instance, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is determined according to the minimum of the maximum of number of antenna ports of the activated CSI-RS resources in that CSI process and the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band combination.
-
If the UE is configured with transmission mode 10, and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with K>1 with activatedResources>1, and RI and CRI are transmitted in the same reporting instance, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is determined according to the minimum of the maximum of number of antenna port of the activated CSI-RS resources in that CSI process and ue-Category (without suffix).
-
If the UE is configured with transmission mode 10, and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with activatedResources=1 or numberActivatedAperiodicCSI-RS-Resources>0, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is determined according to the minimum of the number of antenna ports of the activated or selected CSI-RS resource in that CSI process and the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band combination.
-
If the UE is configured with transmission mode 10, and higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’ with activatedResources=1 or numberActivatedAperiodicCSI-RS-Resources>0, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is determined according to the minimum of the  number of antenna port of the activated or selected CSI-RS resource in that CSI process and ue-Category (without suffix).
-
If the UE is configured with transmission mode 10 and higher layer parameter eMIMO-Type and eMIMO-Type2, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is determined according to the minimum of the configured number of CSI-RS ports of eMIMO-Type2 for that CSI process and the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band combination.
-
If the UE is configured with transmission mode 10 and higher layer parameter eMIMO-Type and eMIMO-Type2, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is determined according to the minimum of the configured number of CSI-RS ports of eMIMO-Type2 for that CSI process and ue-Category (without suffix)
-
Otherwise the maximum number of layers is determined according to the minimum of the number of PBCH antenna ports and ue-Category (without suffix).
-
If RI feedback consists of 1-bit of information, i.e., 
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If RI feedback consists of 2-bits of information, i.e., 
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Table 5.2.2.6-3: Encoding of 1-bit RI
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Table 5.2.2.6-4: Encoding of 2-bit RI

	Qm
	Encoded RI
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Table 5.2.2.6-5: 
[image: image201.wmf]RI

o

0

 to RI mapping

	
[image: image202.wmf]RI

o

0


	RI

	0
	1

	1
	2


Table 5.2.2.6-6: 
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Table 5.2.2.6-7: 
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If RI feedback for a given DL cell consists of 3-bits of information, i.e., 
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If RI feedback consists of 
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 as the input to the channel coding block described in section 5.2.2.6.4. 
-
If RI feedback consists of 
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 bits of information as a result of the aggregation of RI bits corresponding to multiple DL cells or multiple CSI processes, i.e., 
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 is obtained by using the bit sequence 
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 as the input to the channel coding block described in section 5.2.2.6.5.
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If RI feedback consists of 
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 bits of information as a result of the aggregation of RI bits corresponding to multiple DL cells or multiple CSI processes, i.e., 
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, then the coded bit sequence is denoted by 
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. The CRC attachment, channel coding and rate matching of the HARQ-ACK bits are performed according to sections 5.1.1 setting L to 8 bits, 5.1.3.1 and 5.1.4.2, respectively. The input bit sequence to the CRC attachment operation is 
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. The output bit sequence of the CRC attachment operation is the input bit sequence to the channel coding operation. The output bit sequence of the channel coding operation is the input bit sequence to the rate matching operation.
-
A UE capable of supporting only up to 5 serving cells is not expected to support CRI/RI payload larger than 22 bits.
The “x” and “y” in Table 5.2.2.6-3 and 5.2.2.6-4 are placeholders for [2] to scramble the RI bits in a way that maximizes the Euclidean distance of the modulation symbols carrying rank information.

For the case where RI feedback for more than one DL cell is to be reported, the RI report for each DL cell is concatenated prior to coding in increasing order of cell index. 

For the case where RI feedback for more than one CSI process is to be reported, the RI reports are concatenated prior to coding first in increasing order of CSI process index for each DL cell and then in increasing order of cell index.
For the case where RI feedback consists of one or two bits of information the bit sequence 
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 is obtained by the circular repetition of the bit sequence 
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 so that the total bit sequence length is equal to
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For the case where CRI feedback is to be reported, the same procedures for RI are applied for CRI. When rank information is to be multiplexed with UL-SCH at a given PUSCH, the rank information is multiplexed in all layers of all transport blocks of that PUSCH. For a given transport block, the vector sequence output of the channel coding for rank information is denoted by 
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Set i, j, k to 0

while 
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where 
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 is the number of layers onto which the UL-SCH transport block is mapped.

The same processing procedures for RI and RI multiplexing with UL-SCH at a given PUSCH are applied for CRI, using CRI instead of RI in the equations.
For channel quality control information (CQI and/or PMI denoted as CQI/PMI);

When the UE transmits channel quality control information bits, it shall determine the number of modulation coded symbols per layer 
[image: image248.wmf]Q

¢

 for channel quality information as
 


[image: image249.wmf]÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

-

×

ú

ú

ú

ú

ú

ù

ê

ê

ê

ê

ê

é

×

×

×

+

=

¢

å

-

=

-

-

)

(

)

(

1

0

)

(

)

(

)

(

,

)

(

min

)

(

x

m

x

RI

PUSCH

symb

PUSCH

sc

C

r

x

r

PUSCH

offset

x

initial

PUSCH

symb

x

initial

PUSCH

sc

Q

Q

N

M

K

N

M

L

O

Q

x

b


where 
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 is the number of CQI/PMI bits, and

-

[image: image251.wmf]L

 is the number of CRC bits given by 
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 shall be determined according to [3] depending on the number of transmission codewords for the corresponding PUSCH, and on the uplink power control subframe set for the corresponding PUSCH when two uplink power control subframe sets are configured by higher layers for the cell. 

-
If neither RI nor CRI is not transmitted then  
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The variable “x” in 
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 represents the transport block index corresponding to the highest IMCS value indicated by the initial UL grant.  In case the two transport blocks have the same IMCS value in the corresponding initial UL grant, “x =1”, which corresponds to the first transport block. 
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 are obtained from the initial PDCCH or EPDCCH or MPDCCH for the same transport block. If there is no initial PDCCH or EPDCCH with DCI format 0 or MPDCCH with DCI format 6-0A/6-0B for the same transport block, 
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 shall be determined from:

-
the most recent semi-persistent scheduling assignment PDCCH or EPDCCH or MPDCCH, 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.
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For UL-SCH data information 
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 for PUSCH with subslot duration, 
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 is the number of SC-FDMA symbols of the subslot as defined in section x.x.x of [2],
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 is the number of SC-FDMA symbols for DMRS of the subslot as defined in section x.x.x of [2]

-
otherwise 
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 is equal to 1 for non-BL/CE UEs and BL/CE UEs in CEModeA
-
if UE configured with one UL cell is configured to send PUSCH and SRS in the same subframe/slot/subslot for initial transmission, or 

-
if UE transmits PUSCH and SRS in the same subframe/slot/subslot for the current subframe in the same serving cell, or 

-
if the PUSCH resource allocation for the current subframe even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2], and for PUSCH with slot/subslot duration if the current slot/subslot is the last slot/subslot in a subframe, or 

-
if the current subframe/slot/subslot in the same serving cell is in a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3], and for PUSCH with slot/subslot duration if the current slot/subslot is the last slot/subslot in a subframe, or 
-
if the current subframe/slot/subslot in the same serving cell is in a UE-specific type-0 SRS subframe as defined in section 8.2 of [3] and the UE is configured with multiple TAGs, and for PUSCH with slot/subslot duration if the current slot/subslot is the last slot/subslot in a subframe. 
-
Otherwise 
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 is equal to 1 when the UE configured for uplink transmission on a LAA SCell is indicated to transmit the PUSCH not starting from the beginning of the first symbol of the subframe, otherwise is equal to 0. 
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 is equal to 1 when the UE configured for uplink transmission on a LAA SCell is indicated to transmit the PUSCH up to the second to last symbol of the subframe and 
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 is equal to 0, otherwise is equal to 0.
In case of CQI/PMI report for more than one DL cell, 
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 is the result of concatenating the CQI/PMI report for each DL cell in increasing order of cell index. For the case where CQI/PMI feedback for more than one CSI process is to be reported, 
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 is the result of concatenating the CQI/PMI reports in increasing order of CSI process index for each DL cell and then in increasing order of cell index.
-
If the payload size is less than or equal to 11 bits, the channel coding of the channel quality information is performed according to section 5.2.2.6.4 with input sequence 
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For payload sizes greater than 11 bits, the CRC attachment, channel coding and rate matching of the channel quality information is performed according to sections 5.1.1, 5.1.3.1 and 5.1.4.2, respectively. The input bit sequence to the CRC attachment operation is 
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. The output bit sequence of the CRC attachment operation is the input bit sequence to the channel coding operation. The output bit sequence of the channel coding operation is the input bit sequence to the rate matching operation. 

The output sequence for the channel coding of channel quality information is denoted by 
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 is the number of layers the corresponding UL-SCH transport block is mapped onto.
< Unchanged parts are omitted >

5.2.2.8
Channel interleaver

The channel interleaver described in this section in conjunction with the resource element mapping for PUSCH in [2] implements a time-first mapping of modulation symbols onto the transmit waveform while ensuring that the HARQ-ACK and RI information are present on both slots in the subframe. HARQ-ACK information is mapped to resources around the uplink demodulation reference signals while RI information is mapped to resources around those used by HARQ-ACK. 

The input to the channel interleaver are denoted by 
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. In case where more than one UL-SCH transport block are transmitted in a subframe of an UL cell, the HARQ-ACK and RI information are multiplexed with data on both UL-SCH transport blocks. 

The number of modulation symbols per layer in the subframe is given by 
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. The output bit sequence from the channel interleaver is derived as follows:
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The rows of the rectangular matrix are numbered 0, 1, 2,…, 
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(3) If rank information is transmitted in this subframe, the vector sequence 
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Set i, j to 0.
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end while

Where ColumnSet is given in Table 5.2.2.8-1 or Table 5.2.2.8-1A and indexed left to right from 0 to 3.

(4) Write the input vector sequence, for k = 0, 1,…, 
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The pseudocode is as follows:

Set i, k to 0.

            while k <
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                     if 
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 is not assigned to RI symbols

                      
[image: image314.wmf]k

i

g

y

=


                k = k + 1
          end if

                i = i+1

      end while

(5) If HARQ-ACK information is transmitted in this subframe, the vector sequence 
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 is written onto the columns indicated by Table 5.2.2.8-2, and by sets of 
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Set i, j to 0.

Set r to 
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Where ColumnSet is given in Table 5.2.2.8-2 and indexed left to right from 0 to 3.

(6) The output of the block interleaver is the bit sequence read out column by column from the 
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[image: image325.wmf]1

2

1

0

,...,

,

,

-

×

+

RI

L

Q

N

H

h

h

h

h

, where 
[image: image326.wmf]L

N

 is the number of layers the corresponding UL-SCH transport block is mapped onto.

Table 5.2.2.8-1: Column set for Insertion of rank information for PUSCH not scheduled using DCI Format 0A, 4A, 0B and 4B

	CP configuration
	Column Set

	Normal
	{1, 4, 7, 10}

	Extended
	{0, 3, 5, 8}


Table 5.2.2.8-1A: Column set for Insertion of rank information for PUSCH scheduled using DCI Format 0A, 4A, 0B and 4B

	CP Configuration
	PUSCH Starting Position
	Column Set

	Normal


	At symbol 0
	{1, 4, 7, 10}

	
	Within symbol 0 or at symbol 1
	{0, 3 ,6, 9} 


Table 5.2.2.8-2: Column set for Insertion of HARQ-ACK information

	CP configuration
	Column Set

	Normal
	{2, 3, 8, 9}

	Extended
	{1, 2, 6, 7}


The same channel interleaver procedures for RI are applied for CRI, using CRI instead of RI in the equations.
5.2.3
Uplink control information on PUCCH

Data arrives to the coding unit in the form of indicators for measurement indication, scheduling request and HARQ acknowledgement. 

Three forms of channel coding are used as shown in Figure 5.2.3-1,

-
one for HARQ-ACK and for combination of HARQ-ACK and periodic CSI transmitted on PUCCH format 3, including the cases with scheduling request, 
-
another for the channel quality information CQI/PMI transmitted on PUCCH format 2, 
-
and another for combination of CQI/PMI and HARQ-ACK transmitted on PUCCH format 2/2a/2b. 

A fourth form of channel coding is used as shown in Figure 5.2.3-2, for HARQ-ACK and for combination of HARQ-ACK and periodic CSI transmitted on PUCCH format 4 or PUCCH format 5 including the cases with scheduling request, or for periodic CSI transmitted on PUCCH format 4 or PUCCH format 5 including the cases with scheduling request.
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Figure 5.2.3-1: Processing for UCI
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Figure 5.2.3-2: Processing for UCI
5.2.3.1
Channel coding for UCI HARQ-ACK

The HARQ-ACK bits are received from higher layers for each subframe of each cell, and for each slot or subslot of each cell if higher layer parameter ShortTTI-Length is configured for the cell.  Each positive acknowledgement (ACK) is encoded as a binary ‘1’ and each negative acknowledgement (NACK) is encoded as a binary ‘0’. For UEs configured with no more than five DL cells, or for UEs configured by higher layers with codebooksizeDetermination-r13 = cc, and for the case where PUCCH format 3, PUCCH format 4 or PUCCH format 5 [2] is configured by higher layers and is used for transmission of the HARQ-ACK feedback information, the HARQ-ACK feedback consists of the concatenation of HARQ-ACK bits for each of the serving cells. For UEs configured by higher layers with codebooksizeDetermination-r13 = dai, the HARQ-ACK feedback consists of the HARQ-ACK bits for the serving cells depending on the Downlink Assignment Index (DAI) as in Table 5.3.3.1.2-2 and as defined in [3]. For cells configured with transmission modes 1, 2, 5, 6 or 7 [3], i.e., single codeword transmission modes, 1 bit of HARQ-ACK information, 
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Define 
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 as the number of HARQ-ACK feedback bits including the possible concurrent transmission of scheduling request and/or periodic CSI when PUCCH format 3 is used for transmission of HARQ-ACK feedback (section 10.1 in [3]), and 
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 as the number of HARQ-ACK feedback bits including the possible concurrent transmission of scheduling request and/or periodic CSI when PUCCH format 4 is used for transmission of HARQ-ACK feedback (section 10.1 in [3]), and 
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 as the number of HARQ-ACK feedback bits including the possible concurrent transmission of scheduling request and/or periodic CSI when PUCCH format 5 is used for transmission of HARQ-ACK feedback (section 10.1 in [3]).

For UEs configured by higher layers with codebooksizeDetermination-r13 = dai, the bit sequence 
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 is determined according to the Downlink Assignment Index (DAI) as in Table 5.3.3.1.2-2 and as defined in [3]. Otherwise, the bit sequence 
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 is determined as below.

For FDD, the sequence of bits 
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 is the result of the concatenation of HARQ-ACK bits for different cells according to the following pseudo-code: 

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

Set 
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 to the number of cells configured by higher layers for the UE

while c <  
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 -- 1 bit HARQ-ACK feedback for this cell
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if the UE is configured with spatial bundling on PUCCH by higher layers and if the UE is configured with PUCCH format 4 or PUCCH format 5
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 binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of this cell
j = j + 1
else
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end if

c = c + 1

end while

For the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD, the sequence of bits 
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 is the result of the concatenation of HARQ-ACK bits for different cells. Define 
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 as the number of subframes for which the UE needs to feed back HARQ-ACK bits in UL subframe n for the c-th serving cell. For a cell using TDD, the subframes are determined by the DL-reference UL/DL configuration if the UE is configured with higher layer parameter eimta-HARQ-ReferenceConfig, and determined by the UL/DL configuration otherwise. For a cell using TDD, 
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 if subframe n-4 in the cell, or subframe n-3 in the cell if higher layer parameter shortProcessingTime is configured for the primary cell, is a DL subframe or a special subframe with special subframe configurations 1/2/3/4/6/7/8/9/10 and normal downlink CP or a special subframe with special subframe configurations 1/2/3/5/6/7 and extended downlink CP, and 
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The sequence of bits 
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 is performed according to the following pseudo-code: 

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

while c < 
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if transmission mode configured in cell 
[image: image356.wmf]}

7

,

6

,

5

,

2

,

1

{

Î

c

 -- 1 bit HARQ-ACK feedback for this cell
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if the UE is configured with spatial bundling on PUCCH by higher layers and if the UE is configured with PUCCH format 4 or PUCCH format 5
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 binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of this cell
j = j + 1
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c = c + 1

end while
For the cases with TDD primary cell, the sequence of bits 
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 is obtained from the HARQ-ACK bits for different cells and different subframes.

Define 
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 as the number of cells configured by higher layers for the UE and 
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as the number of subframes for which the UE needs to feed back HARQ-ACK bits in cell c as defined in Section 7.3 of [3].
The number of HARQ-ACK bits k and the number of HARQ-ACK bits after spatial bundling kb are computed as follows: 

Set k = 0 – counter of HARQ-ACK bits 
Set kb = 0 – counter of HARQ-ACK bits after spatial bundling
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

while c < 
[image: image364.wmf]DL

cells

N

  


set l = 0;

while l < 
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if transmission mode configured in cell 
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 -- 1 bit HARQ-ACK feedback for this cell




k = k + 1



kb = kb + 1


else




k = k + 2



kb = kb + 1
end if

l = l+1

end while

c = c + 1

end while

In case the transmission of HARQ-ACK feedback using PUCCH format 3, PUCCH format 4 or PUCCH format 5 coincides with a sub-frame configured to the UE by higher layers for transmission of scheduling request, the number of scheduling request bit OSR is 1; otherwise OSR=0.
In case the transmission of HARQ-ACK feedback using PUCCH format 3, PUCCH format 4 or PUCCH format 5 coincides with a sub-frame configured to the UE by higher layers for transmission of periodic CSI, OCSI is the number of periodic CSI bit(s) for the CSI report as defined in section 7.2.2 [3]; otherwise OCSI=0.
For PUCCH format 3, the number of HARQ-ACK feedback bits 
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For PUCCH format 4 or PUCCH format 5, 
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If 
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, the multiplexing of HARQ-ACK bits is performed according to the following pseudo-code:
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

while c < 
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if transmission mode configured in cell 
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end if
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end while
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end while

If 
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Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

while c < 
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set l = 0;

while l < 
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if transmission mode configured in cell 
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end if

l = l+1

end while

c = c + 1

end while

In case the transmission of HARQ-ACK feedback using PUCCH format 3, PUCCH format 4 or PUCCH format 5 [2] coincides with a sub-frame configured to the UE by higher layers for transmission of scheduling request, the scheduling request bit (1 = positive SR; 0 = negative SR) is appended at the end of the sequence of concatenated HARQ-ACK bits.
In case the transmission of HARQ-ACK feedback using PUCCH format 3, PUCCH format 4 or PUCCH format 5 [2] coincides with a sub-frame configured to the UE by higher layers for transmission of periodic CSI, and periodic CSI is not dropped as defined in section 7.3.2 and section 10.1.1 of [3], the periodic CSI bits for the CSI report as defined in section 7.2.2 [3] are appended at the end of the sequence of concatenated HARQ-ACK bits and scheduling request bit (if any), where in case of CSI report for more than one DL cell, the CSI report for each DL cell is appended in increasing order of cell index. As with the transmission of the scheduling request, the procedure above is used with 
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where i = 0, 1, 2, …, 31 and the basis sequences 
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The output bit sequence 
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where i = 0, 1, 2, …, B-1 and where 
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where i = 0, 1, 2, …, 23 and the basis sequences 
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 are defined in Table 5.2.2.6.4-1.
The output bit sequence 
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 as follows

Set i, j = 0
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i = i + 4


j = j + 2

end while 
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 represents the bandwidth of the PUCCH format 4 in terms of resource blocks [2]. The CRC attachment, channel coding and rate matching are performed according to sections 5.1.1 by setting L to 8 bits, 5.1.3.1 and 5.1.4.2, respectively. The input bit sequence to the CRC attachment operation is 
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. The output bit sequence of the CRC attachment operation is the input bit sequence to the channel coding operation. The output bit sequence of the channel coding operation is the input bit sequence to the rate matching operation. 
For 
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 is determined  according to section 5.2.4.1. The CRC attachment, channel coding and rate matching are performed according to sections 5.1.1 by setting L to 8 bits, 5.1.3.1 and 5.1.4.2, respectively. The input bit sequence to the CRC attachment operation is 
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When PUCCH format 3, PUCCH format 4 or PUCCH format 5 is not used for transmission of HARQ-ACK feedback, the HARQ-ACK bits are processed for transmission according to section 10.1 in [3].
< Unchanged parts are omitted >
5.2.4
Uplink control information on PUSCH without UL-SCH data

When control data are sent via PUSCH without UL-SCH data, the following coding steps can be identified:

-
Channel coding of control information

-
Control information mapping

-
Channel interleaver

5.2.4.1
Channel coding of control information

Control data arrives at the coding unit in the form of channel quality information (CQI and/or PMI), HARQ-ACK and rank indication. Different coding rates for the control information are achieved by allocating different number of coded symbols for its transmission. When the UE transmits HARQ-ACK bits or rank indicator bits, it shall determine the number of coded symbols 
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where 
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 is the number of HARQ-ACK bits as defined in section 5.2.2.6,  or rank indicator bits, 
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 is the number of CQI bits including CRC bits assuming rank equals to 1 for all serving cells for which an aperiodic CSI report is triggered [3], 
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is equal to 1 if UE is configured to send PUSCH and SRS in the same subframe for the current subframe, or if the PUSCH resource allocation for the current subframe even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2], or if the current subframe is a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3], or if the current subframe is a UE-specific type-0 SRS subframe as defined in section 8.2 of [3] and the UE is configured with multiple TAGs. Otherwise 
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 is equal to 1 when the UE configured for uplink transmission on a LAA SCell is indicated to transmit the PUSCH not starting from the beginning of the first symbol of the subframe, otherwise is equal to 0. 
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For HARQ-ACK information 
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For CQI and/or PMI information 
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The channel coding and rate matching of the control data is performed according to section 5.2.2.6. The coded output sequence for channel quality information is denoted by 
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, the coded vector sequence output for HARQ-ACK is denoted by 
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 and the coded vector sequence output for rank indication or CRI, is denoted by 
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5.2.4.2
Control information mapping

The input are the coded bits of the channel quality information denoted by 
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 are column vectors of length 
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The control information shall be mapped as follows:

Set j, k to 0

while 
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end while
5.2.4.3
Channel interleaver

The vector sequences 
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< Unchanged parts are omitted >
5.3.3.1.1
Format 0

DCI format 0 is used for the scheduling of PUSCH in one UL cell. 

The following information is transmitted by means of the DCI format 0:

- Carrier indicator – 0 or 3 bits. This field is present according to the definitions in [3].

- Flag for format0/format1A differentiation – 1 bit, where value 0 indicates format 0 and value 1 indicates format 1A

- Frequency hopping flag – 1 bit as defined in section 8.4 of [3]. This field is used as the MSB of the corresponding resource allocation field for resource allocation type 1.

- Resource block assignment and hopping resource allocation – 
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- For PUSCH hopping (resource allocation type 0 only):



- NUL_hop MSB bits are used to obtain the value of 
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- For non-hopping PUSCH with resource allocation type 0:
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[image: image484.wmf]é

ù

÷

ø

ö

ç

è

æ

+

)

2

/

)

1

(

(

log

UL

RB

UL

RB

2

N

N

 bits provide the resource allocation in the UL subframe as defined in section 8.1.1 of [3]

- For non-hopping PUSCH with resource allocation type 1:   
- The concatenation of the frequency hopping flag field and the resource block assignment and hopping resource allocation field provides the resource allocation field in the UL subframe as defined in section 8.1.2 of [3]

- Modulation and coding scheme and redundancy version – 5 bits as defined in section 8.6 of [3]

- New data indicator – 1 bit
- HARQ process number – 3 bits
 (this field is present when higher layer parameter shortProcessingTime is configured for the cell and the corresponding DCI is mapped onto the UE specific search space given by the C-RNTI as defined in [3])
- Redundancy version – 2 bits (this field is present when higher layer parameter shortProcessingTime is configured for the cell and the corresponding DCI is mapped onto the UE specific search space given by the C-RNTI as defined in [3])
- TPC command for scheduled PUSCH – 2 bits as defined in section 5.1.1.1 of [3]

- Cyclic shift for DM RS and OCC index and IFDMA configuration – 3 bits as defined in section 5.5.2.1.1 of [2] (this field is not present when the format 0 CRC is scrambled by UL-SPS-V-RNTI)
- UL SPS configuration index – 3 bits as defined in section 9.2.1 of [3]. (this field is present when the format 0 CRC is scrambled by UL-SPS-V-RNTI)
- UL index – 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (this field is present only for TDD operation with uplink-downlink configuration 0, or TDD operation with uplink-downlink configuration 6 and special subframe configuration 10 when the higher layer parameter symPUSCH-UpPts or shortProcessingTime
 is configured for the cell and the corresponding DCI is mapped onto the UE specific search space given by the C-RNTI as defined in [3])
- Downlink Assignment Index (DAI) – 2 bits as defined in section 7.3 of [3] (this field is present only for cases with TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or FDD operation)
- CSI request – 1, 2, 3, 4 or 5 bits as defined in section 7.2.1 of [3]. 
If UEs are not configured with CSI-RS-ConfigNZPAperiodic or if UEs are configured with CSI-RS-ConfigNZPAperiodic and numberActivatedAperiodicCSI-RS-Resources=1 for each CSI process, 
the 2-bit field applies to UEs configured with no more than five DL cells and to
-
UEs that are configured with more than one DL cell and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

- 
UEs that are configured by higher layers with more than one CSI process and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3]; 
- 
UEs that are configured with two CSI measurement sets by higher layers with the parameter csi-MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

the 3-bit field applies to UEs that are configured with more than five DL cells and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];
otherwise the 1-bit field applies 
If UEs are configured with CSI-RS-ConfigNZPAperiodic and numberActivatedAperiodicCSI-RS-Resources>1 for at least one CSI process, 
the 4-bit field applies to UEs configured with no more than five DL cells and to

-
UEs that are configured with more than one DL cell and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];

- 
UEs that are configured by higher layers with more than one CSI process and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3]; 
- 
UEs that are configured with two CSI measurement sets by higher layers with the parameter csi-MeasSubframeSet, and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];
the 5-bit field applies to UEs that are configured with more than five DL cells and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3];
otherwise the 3-bit field applies.
- SRS request – 0 or 1 bit. This field can only be present in DCI formats scheduling PUSCH which are mapped onto the UE specific search space given by the C-RNTI as defined in [3]. The interpretation of this field is provided in section 8.2 of [3]

- Resource allocation type – 1 bit. This field is only present if 
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. The interpretation of this field is provided in section 8.1 of [3] 
- Cyclic Shift Field mapping table for DMRS – 1 bit as defined in section 5.5.2.1.1 of [2]. The 1-bit field applies to UEs that are configured with higher layer parameter UL-DMRS-IFDMA, and when the corresponding DCI format is mapped onto the UE-specific search space given by the C-RNTI as defined in [3]. When the format 0 CRC is scrambled by SPS C-RNTI, this field is set to zero.
If the number of information bits in format 0 mapped onto a given search space is less than the payload size of format 1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 1A), zeros shall be appended to format 0 until the payload size equals that of format 1A.

< Unchanged parts are omitted >

5.3.3.1.8
Format 4

DCI format 4 is used for the scheduling of PUSCH in one UL cell with multi-antenna port transmission mode, 

The following information is transmitted by means of the DCI format 4:

-
Carrier indicator – 0 or 3 bits. The field is present according to the definitions in [3].

-
Resource block assignment - 
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 bits, where P is the UL RBG size as defined in section 8.1.2 of [3]

-
For resource allocation type 0:

-
The 
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LSBs provide the resource allocation in the UL subframe as defined in section 8.1.1 of [3]

-
For resource allocation type 1:

-
The 
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 LSBs provide the resource allocation in the UL subframe as defined in section 8.1.2 of [3] 
- 
HARQ process number – 3 bits (this field is present when higher layer parameter shortProcessingTime is configured for the cell)
-
TPC command for scheduled PUSCH – 2 bits as defined in section 5.1.1.1 of [3]

-
Cyclic shift for DM RS and OCC index and IFDMA configuration – 3 bits as defined in section 5.5.2.1.1 of [2]

-
UL index – 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (this field is present only for TDD operation with uplink-downlink configuration 0, or TDD operation with uplink-downlink configuration 6 and special subframe configuration 10 when the higher layer parameter symPUSCH-UpPts or shortProcessingTime is configured for the cell)
-
Downlink Assignment Index (DAI) – 2 bits as defined in section 7.3 of [3] (this field is present only for cases with TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or FDD operation)
-
CSI request – 1, 2, 3, 4 or 5 bits as defined in section 7.2.1 of [3]. 
If UEs are not configured with CSI-RS-ConfigNZPAperiodic or if UEs are configured with CSI-RS-ConfigNZPAperiodic and numberActivatedAperiodicCSI-RS-Resources=1 for each CSI process, 
the 2-bit field applies to UEs configured with no more than five DL cells and to
-
UEs that are configured with more than one DL cell;

-
UEs that are configured by higher layers with more than one CSI process; 
-
UEs that are configured with two CSI measurement sets by higher layers with the parameter csi-MeasSubframeSet;

the 3-bit field applies to UEs that are configured with more than five DL cells;
otherwise the 1-bit field applies 
If UEs are configured with CSI-RS-ConfigNZPAperiodic and numberActivatedAperiodicCSI-RS-Resources>1 for at least one CSI process, 
the 4-bit field applies to UEs configured with no more than five DL cells and to

-
UEs that are configured with more than one DL cell;

-
UEs that are configured by higher layers with more than one CSI process; 
-
UEs that are configured with two CSI measurement sets by higher layers with the parameter csi-MeasSubframeSet; 

the 5-bit field applies to UEs that are configured with more than five DL cells;
otherwise the 3-bit field applies.
-
SRS request – 2 bits as defined in section 8.2 of [3]

-
Resource allocation type – 1 bit as defined in section 8.1 of [3] 
-
Cyclic Shift Field mapping table for DMRS – 1 bit as defined in section 5.5.2.1.1 of [2]. The 1-bit field applies to UEs that are configured with higher layer parameter UL-DMRS-IFDMA.
In addition, for transport block 1: 

-
Modulation and coding scheme and redundancy version – 5 bits as defined in section 8.6 of [3]

-
New data indicator – 1 bit
- 
Redundancy version – 2 bits (this field is present when higher layer parameter shortProcessingTime is configured for the cell)
In addition, for transport block 2:

-
Modulation and coding scheme and redundancy version – 5 bits as defined in section 8.6 of [3]
-
New data indicator – 1 bit
- 
Redundancy version – 2 bits (this field is present when higher layer parameter shortProcessingTime is configured for the cell)
Precoding information and number of layers: number of bits as specified in Table 5.3.3.1.8-1. Bit field as shown in Table 5.3.3.1.8-2 and Table 5.3.3.1.8- 3. Note that TPMI for 2 antenna ports indicates which codebook index is to be used in Table 5.3.3A.2-1 of [2], and TPMI for 4 antenna ports indicates which codebook index is to be used in Table 5.3.3A.2-2, Table 5.3.3A.2-3, Table 5.3.3A.2-4 and Table 5.3.3A.2-5 of [2]. If both transport blocks are enabled, transport block 1 is mapped to codeword 0; and transport block 2 is mapped to codeword 1. In case one of the transport blocks is disabled, the transport block to codeword mapping is specified according to Table 5.3.3.1.5-2. For a single enabled codeword, indices 24 to 39 in Table 5.3.3.1.8-3 are only supported for retransmission of the corresponding transport block if that transport block has previously been transmitted using two layers.
Table 5.3.3.1.8-1: Number of bits for precoding information

	Number of antenna ports at UE
	Number of bits for precoding information

	2
	3

	4
	6


Table 5.3.3.1.8-2: Content of precoding information field for 2 antenna ports
	One codeword: 
Codeword 0 enabled

Codeword 1 disabled
	Two codewords: 
Codeword 0 enabled

Codeword 1 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	1 layer: TPMI=0
	0
	2 layers: TPMI=0

	1
	1 layer: TPMI=1
	1-7
	reserved

	2
	1 layer: TPMI=2
	
	

	…
	…
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	


Table 5.3.3.1.8-3: Content of precoding information field for 4 antenna ports
	One codeword: 
Codeword 0 enabled

Codeword 1 disabled
	Two codewords: 
Codeword 0 enabled

Codeword 1 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	1 layer: TPMI=0
	0
	2 layers: TPMI=0

	1
	1 layer: TPMI=1
	1
	2 layers: TPMI=1

	…
	…
	…
	…

	23
	1 layer: TPMI=23
	15
	2 layers: TPMI=15

	24
	2 layers: TPMI=0
	16
	3 layers: TPMI=0

	25
	2 layers: TPMI=1
	17
	3 layers: TPMI=1

	…
	…
	…
	…

	39
	2 layers: TPMI=15
	27
	3 layers: TPMI=11

	40-63
	reserved
	28
	4 layers: TPMI=0

	
	
	29 - 63
	Reserved


If the number of information bits in format 4 is equal to the payload size for DCI format 1, 2, 2A, 2B, 2C or 2D associated with the configured DL transmission mode in the same serving cell, one zero bit shall be appended to format 4.
< Unchanged parts are omitted >

5.3.3.1.15
Format 7-0A


DCI format 7-0A is used for the scheduling of PUSCH with slot or subslot duration in one UL cell. 

The following information is transmitted by means of the DCI format 7-0A:

- Carrier indicator – 0 or 3 bits. This field is present according to the definitions in [3].

- Flag for format7-0A/format7-1A differentiation
 – 1 bit, where value 0 indicates format 7-0A and value 1 indicates format 7-1A
- Resource block assignment – X bits

- Modulation and coding scheme – 5 bits as defined in section 8.6 of [3]
- HARQ process number – X bits

- New data indicator – 1 bit
- Redundancy version – 2 bits
- TPC command for scheduled PUSCH – 2 bits as defined in section 5.1.1.1 of [3]
- DMRS position indicator
 – 2 bits as defined in section x.x.x in [2] (The field is present only for PUSCH with subslot duration) 
- Cyclic shift for DMRS and IFDMA configuration
 – X bits as defined in section x.x.x of [2]
- UL index
 – X bits as defined in sections x.x.x of [3]
- Downlink Assignment Index (DAI) – X bits as defined in section 7.3 of [3] 

- CSI request
 – X bits as defined in section x.x.x of [3]. 
- SRS request – 0 or 1 bit. The interpretation of this field is provided in section 8.2 of [3]
- Cyclic Shift Field mapping table for DMRS – 1 bit as defined in section 5.5.2.1.1 of [2]. 
If the number of information bits in format 7-0A mapped onto a given search space is less than the payload size of format 7-1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 7-1A), zeros shall be appended to format 7-0A until the payload size equals that of format 7-1A.
5.3.3.1.16
Format 7-1A

DCI format 7-1A is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell. 

The following information is transmitted by means of the DCI format 7-1A:

- Carrier indicator – 0 or 3 bits. This field is present according to the definitions in [3].
- Flag for format7-0A/format7-1A differentiation
 – 1 bit, where value 0 indicates format 7-0A and value 1 indicates format 7-1A
- Resource block assignment – X bits

- Modulation and coding scheme – 5 bits as defined in section 7.1.7 of [3]

- HARQ process number – X bits

- New data indicator – 1 bit

- Redundancy version – 2 bits

- TPC command for slot-SPUCCH or subslot-SPUCCH – 2 bits as defined in section 5.1.2.1 of [3]
- DMRS position indicator – X bits
 as defined in section x.x.x in [2] (The field is present only for PDSCH with subslot duration)
- Downlink Assignment Index
 – X bits as defined in section 7.3 of [3]
- Used/Unused SPDCCH resource indication
 – X bits (This field is present if the DCI is mapped to SPDCCH)
- Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping – 2 bits as defined in sections 7.1.9 and 7.2.7 of [3]. This field is present only when the UE is configured with CSI-RS-ConfigZPAperiodic.
If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bits in format 7-1A mapped onto a given search space is less than that of format 7-0A for scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 7-1A until the payload size equals that of format 7-0A, except when format 7-1A assigns downlink resource on a secondary cell without an uplink configuration associated with the secondary cell. 
< Unchanged parts are omitted >

�General editor’s note: It is assumed that:


 subframe and slot retain their current definitions


 PDSCH and PUSCH are used with sub-frame, slot, or subslot duration


SPDCCH and SPUCCH are introduced for slot and subslot operation, with the term “slot-“ or “subslot-“ added if differentiation is needed


�


Agreements:


In case of collision between sPUSCH and sPUCCH in the same sTTI on a given carrier for a UE


The UE transmits both sPUSCH and sPUCCH if the UE is indicating the capability of and is configured with simultaneous transmission of sPUSCH and sPUCCH


Otherwise, the UE transmits only sPUSCH including UCI of sPUCCH


FFS whether some priority rule applies for inclusion of UCI from sPUCCH


�Editor’s note: Will update accordingly once agreement on UL SPS for sTTI is achieved 


�Editor’s note: Further update will be needed depending if it is agreed that 2 layer slot or subslot PUSCH with slot or subslot duration is transmitted with two codewords. 


�Editor’s note: The part for CSI on PUSCH will be updated depending on agreements on whether and how CSI is transmitted on PUSCH with slot duration and/or subslot duration.


�Editor’s note: The part for channel interleaver will be updated depending on further agreements about UCI on PUSCH with slot duration or subslot duration, e.g. the symbols for UCI transmission within the PUSCH with slot or subslot duration. 


�Editor’s note: UCI on sPUCCH is supported. This section will be further updated after we have agreements on more details, e.g. the formats for slot-SPUCCH and/or subslot-SPUCCH and channel coding for UCI on SPUCCH. 


�Editor’s note: This section may be updated depending on further agreements on aperiodic CSI on PUSCH with slot duration and/or subslot duration.


�


Agreement:


PHICH-less asynchronous HARQ for UL is used for 1 ms TTI with shortened processing time 


For FS1 and FS2, bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV 


No change in FS3 asynchronous UL HARQ operation


The maximum number of UL HARQ processes for n+3 1ms TTI is the same as for n+4 1ms TTI


FFS: In case the UE is configured also with sTTI


�


Agreement (RAN1#87)


For 1 ms TTI shortened processing, support fallback to legacy processing timing n+4 by the search space, i.e.  DCI for processing time n+3 are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH.


For PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared


FFS: Possible PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI


FFS: UE behaviour in case of n+3 and n+4 collision


Note: It is not expected that the eNB will often change between n+3 and n+4 scheduling timing





RAN1 Agreements:


For 1ms TTI in FS2, the scheduling timing for UL grant to PUSCH for a minimum timing of n+3 is defined as follows:


Note: The timings highlighted in red are only applicable to special subframe configuration 10
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�Editor’s note: This format is based on format 0. Some fields in DCI format 0 are removed for now due to lack of agreements (e.g. UL SPS configuration index), which can be added back accordingly depending on further agreements.





Another new DCI format (e.g. DCI format 7-0B) may be added later depending on further agreements on the number of layers and/or codewords for PUSCH with slot duration and subslot duration 


�Agreements: (RAN1#88)


An sPDSCH/sPUSCH is scheduled by a UE-specific sDCI1


sDCI1 provides all the necessary information to decode sPDSCH or transmit sPUSCH


Legacy DCI content is the starting point for sDCI1


Reduce payload size of sDCI1


Increase the granularity of resource block assignment 


FFS the applicability and granularity for each resource allocation type


FFS: Jointly indicate some of the information


FFS: which DCI fields to remove from the legacy DCI


Other methods to decrease the sDCI1 size are not precluded


FFS: Align the payload size for DL sDCI1 and UL sDCI1 for sPDSCH/sPUSCH scheduling


�Editor’s note: Further update may be needed depending on further agreements on DCI design and search space design   


�Editor’s note: Further update is needed according to further agreements on resource allocation 


�


Agreement: (study item)


PHICH-less asynchronous UL HARQ for sPUSCH is supported.


�


Agreement: (RAN1#89)


In case of 2/3os in UL, the following DMRS placement can be indicated by an UL grant in sTTI#n-x which schedules sPUSCH in sTTI n, where x is processing time configured for a PUCCH group


Note: Other combinations are FFS.





DMRS position pattern indicated by a UL grant scheduling sPUSCH in sTTI n�
�
sTTI 0�
sTTI 1�
sTTI 2�
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sTTI 4�
sTTI 5�
�
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R D D�
�
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D R�
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�
�
�
D D�
�
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�
D D | R�
�
�
D D | R�
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�
Note: | denotes the boundary of sTTI n





�Editor’s note: DMRS position indicator, Cyclic shift for DMRS and IFDMA configuration, and Cyclic Shift Field mapping table for DMRS are related to each other; these fields may be renamed or combined/separated based on agreements and spec alignement in the next version.


�Editor’s note: Further update is needed for UL index and DAI depending on further agreements on the required bits and condition for UL index field and DAI field, which depends on the HARQ timing design for both FDD and TDD.


�Editor’s note: Further update is needed for


- CSI request depending on whether and how to support aperiodic SRS trigger


- SRS request depending on whether and how to support aperiodic CSI on PUSCH with slot duration and subslot duration 


- Cyclic shift Field mapping table for DMRS depending further agreements on the condition of this field


�Editor’s note: This DCI format is used at least for TM1 and TM2. Further update may be needed depending on further agreements on the number of layers and codewords for DMRS based sPDSCH transmission and the corresponding DCI design. Another new DCI format (e.g. DCI format 7-1B) may be added later.


�Editor’s note: Further update may be needed depending on further agreements on DCI design and search space design   


�Editor’s note: Further update is needed according to further agreements on resource allocation 


�Agreement: (RAN1#89)


The DL DMRS pattern is fixed for 2-layer 2/3-symbol sPDSCH.


Down-selected between option 1, 2, 3(X=2N+1 or X=2N, where N is the number of RBs).


DL DMRS can be shared among 2 consecutive sTTIs for the same UE for 2/3-symbol sPDSCH.


Sharing across subframes is not supported 


FFS: Sharing across slots


FFS: 3 consecutive sTTIs





�Editor’s note: Further update is needed depending on further agreements on on the required bits and condition for DAI field, which depends on the HARQ timing design for both FDD and TDD.


�Agreement: (Study Item)


From resource utilization perspective, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH.
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