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7.1
UE procedure for receiving the physical downlink shared channel
A UE shall upon detection of a PDCCH of a serving cell with DCI format 1, 1A, 1B, 1C, 1D, 2, 2A, 2B or 2C intended for the UE in a subframe, decode the corresponding PDSCH in the same subframe with the restriction of the number of transport blocks defined in the higher layers. 
A UE may assume that positioning reference signals are not present in resource blocks in which it shall decode PDSCH according to a detected PDCCH with CRC scrambled by the SI-RNTI or P-RNTI with DCI format 1A or 1C intended for the UE. 
[A UE is not expected to receive in a MBSFN subframe PDSCH and PRS with different CP sizes.  A UE configured to decode PRS only in MBSFN subframes is not expected to decode other transmissions in those MBSFN subframes.]
A UE configured with the carrier indicator field for a given serving cell may assume that the carrier indicator field is not present in any PDCCH of the serving cell with CRC scrambled by SI-RNTI, P-RNTI, RA-RNTI, Temporary C-RNTI, TPC-RNTI, SPS C-RNTI or by C-RNTI if located in the common search space that is described in section 9.1. Otherwise, the configured UE shall assume that for the given serving cell the carrier indicator field is present in PDCCH located in the UE specific search space described in section 9.1 when the PDCCH CRC is scrambled by C-RNTI or SPS C-RNTI.
If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the SI-RNTI, the UE shall decode the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-1. The scrambling initialization of PDSCH corresponding to these PDCCHs is by SI-RNTI. 

Table 7.1-1: PDCCH and PDSCH configured by SI-RNTI
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	DCI format 1C
	Common
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity.

	DCI format 1A
	Common
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity


If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the P-RNTI, the UE shall decode the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-2. The scrambling initialization of PDSCH corresponding to these PDCCHs is by P-RNTI.

Table 7.1-2: PDCCH and PDSCH configured by P-RNTI
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	DCI format 1C
	Common
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	DCI format 1A
	Common
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)


If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the RA-RNTI, the UE shall decode the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-3. The scrambling initialization of PDSCH corresponding to these PDCCHs is by RA-RNTI. 

When RA-RNTI and either C-RNTI or SPS C-RNTI are assigned in the same subframe, UE is not required to decode a PDSCH indicated by a PDCCH with a CRC scrambled by C-RNTI or SPS C-RNTI.

Table 7.1-3: PDCCH and PDSCH configured by RA-RNTI
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	DCI format 1C
	Common
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	DCI format 1A
	Common
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)


The UE is semi-statically configured via higher layer signalling to receive PDSCH data transmissions signalled via PDCCH according to one of nine transmission modes, denoted mode 1 to mode 9.

For frame structure type 1,

· the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframe in which the number of OFDM symbols for PDCCH with normal CP is equal to four;

· the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5, 7, or 8 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of either PBCH or primary or secondary synchronisation signals in the same subframe;

· the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7 for which distributed VRB resource allocation is assigned.

· The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks.  If the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully decoded.
For frame structure type 2,

· the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframe in which the number of OFDM symbols for PDCCH with normal CP is equal to four;

· the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of PBCH in the same subframe;

· the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7 or 8 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of primary or secondary synchronisation signals in the same subframe;
· with normal CP configuration, the UE is not expected to receive PDSCH on antenna port 5 for which distributed VRB resource allocation is assigned in the special subframe with configuration #1 or #6;
· the UE is not expected to receive PDSCH on antenna port 7  for which distributed VRB resource allocation is assigned.

· The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks.  If the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully decoded.
If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the PDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5. The scrambling initialization of PDSCH corresponding to these PDCCHs is by C-RNTI. 

If the UE is configured with the carrier indicator field for a given serving cell and, if the UE is configured by higher layers to decode PDCCH with CRC scrambled by the C-RNTI, then the UE shall decode PDSCH of the serving cell indicated by the carrier indicator field value in the decoded PDCCH.
When a UE configured in transmission mode 3, 4, 8 or 9 receives a DCI Format 1A assignment, it shall assume that the PDSCH transmission is associated with transport block 1 and that transport block 2 is disabled.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals corresponding to these PDCCHs is by C-RNTI. 

The UE does not support transmission mode 8 if extended cyclic prefix is used in the downlink.

Table 7.1-5: PDCCH and PDSCH configured by C-RNTI

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 1
	DCI format 1A
	Common and

UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)


	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)

	Mode 2
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1
	UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	Mode 3
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 2A
	UE specific by C-RNTI
	Large delay CDD (see subclause 7.1.3)  or Transmit diversity (see subclause 7.1.2)

	Mode 4
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 2
	UE specific by C-RNTI
	Closed-loop spatial multiplexing  (see subclause 7.1.4)or Transmit diversity (see subclause 7.1.2)

	Mode 5
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1D
	UE specific by C-RNTI
	Multi-user MIMO (see subclause 7.1.5)

	Mode 6
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1B
	UE specific by C-RNTI
	Closed-loop spatial multiplexing (see subclause 7.1.4) using a single transmission layer

	Mode 7
	DCI format 1A
	Common and

UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 5 (see subclause 7.1.1)

	Mode 8
	DCI format 1A
	Common and
UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	
	DCI format 2B
	UE specific by C-RNTI
	Dual layer transmission, port 7 and 8 (see subclause 7.1.5A) or single-antenna port, port 7 or 8 (see subclause 7.1.1)

	Mode 9
	DCI format 1A
	Common and
UE specific by C-RNTI 
	Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2C
	UE specific by C-RNTI
	Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B)


If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the SPS C-RNTI, the UE shall decode the PDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective combinations defined in Table 7.1-6. The same PDSCH related configuration applies in the case that a PDSCH is transmitted without a corresponding PDCCH. The scrambling initialization of PDSCH corresponding to these PDCCHs and PDSCH without a corresponding PDCCH is by SPS C-RNTI.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals corresponding to these PDCCHs is by SPS C-RNTI.
Table 7.1-6: PDCCH and PDSCH configured by SPS C-RNTI

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 1
	DCI format 1A
	Common and

UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)


	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)

	Mode 2
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1
	UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	Mode 3
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 2A
	UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	Mode 4
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 2
	UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)


	Mode 5
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	Mode 6
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	Mode 7
	DCI format 1A
	Common and

UE specific by C-RNTI
	Single-antenna port, port 5 (see subclause 7.1.1)

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 5 (see subclause 7.1.1)

	Mode 8
	DCI format 1A
	Common and
UE specific by C-RNTI
	Single-antenna port, port 7(see subclause 7.1.1)

	
	DCI format 2B
	UE specific by C-RNTI
	Single-antenna port, port 7 or 8 (see subclause 7.1.1)

	Mode 9
	DCI format 1A
	Common and
UE specific by C-RNTI 
	Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2C
	UE specific by C-RNTI
	Single-antenna port, port 7 or 8, (see subclause 7.1.1)


If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the Temporary C-RNTI and is not configured to decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the PDCCH and the corresponding PDSCH according to the combination defined in Table 7.1-7. The scrambling initialization of PDSCH corresponding to these PDCCHs is by Temporary C-RNTI.

Table 7.1-7: PDCCH and PDSCH configured by Temporary C-RNTI
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	DCI format 1A 
	Common and UE specific by Temporary C-RNTI
	If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	DCI format 1 
	UE specific by Temporary C-RNTI
	If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)


The transmission schemes of the PDSCH are described in the following sub-clauses.
7.3
UE procedure for reporting HARQ-ACK
For FDD and PUCCH format 1a/1b/3, when both HARQ-ACKand SR are transmitted in the same sub-frame a UE shall transmit the HARQ-ACKon its assigned HARQ-ACKPUCCH resource for a negative SR transmission and transmit the HARQ-ACKon its assigned SR PUCCH resource for a positive SR transmission. 
For FDD with channel selection, when both HARQ-ACK and SR are transmitted in the same sub-frame a UE shall transmit spatially-bundled HARQ-ACK on its assigned SR PUCCH resource. 

For TDD and all UL-DL configurations except configuration 5, two HARQ-ACKfeedback modes are supported by higher layer configuration.

· HARQ-ACK bundling, and 

· HARQ-ACK multiplexing 

For TDD UL-DL configuration 5, only HARQ-ACK bundling is supported.

For TDD, the UE shall upon detection of a PDSCH transmission or a PDCCH indicating downlink SPS release (defined in section 9.2) within subframe(s) 
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 is defined in Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL subframe n.
For the special subframe configurations 0 and 5 with normal downlink CP or configurations 0 and 4 with extended downlink CP in a serving cell, shown in table 4.2-1 [3], the special subframe of the serving cell is excluded from the HARQ-ACK codebook size determination when more than one serving cell is configured for a UE.  In this case, if the serving cell is the primary cell, there is no PDCCH indicating downlink SPS release in the special subframe.
For TDD UL-DL configurations 1-6, the value of the Downlink Assignment Index (DAI) in DCI format 0/4, 
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 is defined in Table 7.3-Y, represents the total number of subframes with PDSCH transmissions and with PDCCH indicating downlink SPS release to the corresponding UE within all the subframe(s)
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 includes all PDSCH transmission with and without corresponding PDCCH within all the subframe(s) 
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. In case neither PDSCH transmission, nor PDCCH indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of the DAI in DCI format 0/4, 
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For TDD UL-DL configurations 1-6, the value of the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C denotes the accumulative number of PDCCH(s) with assigned PDSCH transmission(s) and PDCCH indicating downlink SPS release up to the present subframe within subframe(s) 
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 as the value of the DAI in PDCCH with DCI format 1/1A/1B/1D/2/2A/2B/2C detected by the UE according to Table 7.3-X in subframe
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 (defined in Table 10.1.3.1-1) such that the UE detects a DCI format 1/1A/1B/1D/2/2A/2B/2C.

For all TDD UL-DL configurations, denote 
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 as the total number of PDCCH(s) with assigned PDSCH transmission(s) and PDCCH indicating downlink SPS release detected by the UE within the subframe(s) 
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, which can be zero or one, as the number of PDSCH transmissions without a corresponding PDCCH within the subframe(s) 
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For TDD HARQ-ACK bundling or HARQ-ACK multiplexing and a subframe 
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 DL subframes associated with a single UL subframe, of all the corresponding 
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 individual PDSCH transmission HARQ-ACKs and individual ACK in response to received PDCCH indicating downlink SPS release, where 
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 is the number of elements in the set 
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 defined in Table 10.1.3.1-1. The UE shall detect if at least one downlink assignment has been missed, and for the case that the UE is transmitting on PUSCH the UE shall also determine the parameter
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 shall be 1 if UE detects the PDSCH transmission with or without corresponding PDCCH within the subframe 
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· For the case that the UE is not transmitting on PUSCH in subframe n and TDD UL-DL configurations 1-6, if  
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, the UE detects that at least one downlink assignment has been missed.

· For the case that the UE is transmitting on PUSCH and the PUSCH transmission is adjusted based on a detected PDCCH with DCI format 0/4 intended for the UE and TDD UL-DL configurations 1-6, if 
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 the UE detects that at least one downlink assignment has been missed and the UE shall generate NACK for all codewords where 
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. If the UE does not detect any downlink assignment missing, 
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· For the case that the UE is transmitting on PUSCH, and the PUSCH transmission is not based on a detected PDCCH with DCI format 0/4 intended for the UE and TDD UL-DL configurations 1-6, if  
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, the UE detects that at least one downlink assignment has been missed and the UE shall generate NACK for all codewords. The UE determines 
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 as the number of assigned subframes. The UE shall not transmit HARQ-ACK if 
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For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK, the HARQ-ACK feedback 
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 for the c-th serving cell configured by RRC is constructed as follows, where c≥0, 
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The HARQ-ACK for a PDSCH transmission with a corresponding PDCCH or for a PDCCH indicating downlink SPS release in subframe 
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 if transmission mode configured in the c-th serving cell supports one transport block or spatial bundling is applied, or associated with 
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 otherwise, where DAI(k) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C detected in subframe 
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 are the HARQ-ACK feedback for codeword 0 and codeword 1, respectively. For the case with 
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 The HARQ-ACK feedback bits without any detected PDSCH transmission or without detected PDCCH indicating downlink SPS release are set to NACK.
For TDD HARQ-ACK bundling, when the UE is configured by transmission mode 3, 4, 8 or 9 defined in Section 7.1 and HARQ-ACK bits are transmitted on PUSCH, the UE shall always generate 2 HARQ-ACK bits assuming both codeword 0 and 1 are enabled. For the case that the UE detects only the PDSCH transmission associated with codeword 0 within the bundled subframes, the UE shall generate NACK for codeword 1.

Table 7.3-X: Value of Downlink Assignment Index

	DAI
MSB, LSB
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	Number of subframes with PDSCH transmission and with PDCCH indicating DL SPS release

	0,0
	1
	1 or 5 or 9

	0,1
	2
	2 or 6

	1,0
	3
	3 or 7

	1,1
	4
	0 or 4 or 8


Table 7.3-Y: Uplink association index k’ for TDD
	TDD UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
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	6
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	3
	
	
	4
	4
	4
	
	
	
	
	

	4
	
	
	4
	4
	
	
	
	
	
	

	5
	
	
	4
	
	
	
	
	
	
	

	6
	
	
	7
	7
	5
	
	
	7
	7
	


For TDD HARQ-ACK multiplexing and a subframe 
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, spatial HARQ-ACK bundling across multiple codewords within a DL subframe is performed by a logical AND operation of all the corresponding individual HARQ-ACKs. In case the UE is transmitting on PUSCH, the UE shall determine the number of HARQ-ACK feedback bits  
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 to be transmitted in subframe n in case the UE is transmitting on PUSCH.

· If the PUSCH transmission is adjusted based on a detected PDCCH with DCI format 0/4 intended for the UE, then 
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 in which case the UE shall not transmit HARQ-ACK. The spatially bundled HARQ-ACK for a PDSCH transmission with a corresponding PDCCH or for a PDCCH indicating downlink SPS release in subframe 
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 where DAI(k) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C detected in subframe 
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. The HARQ-ACK feedback bits without any detected PDSCH transmission or without detected PDCCH indicating downlink SPS release are set to NACK.
· If the PUSCH transmission is not adjusted based on a detected PDCCH with DCI format 0/4 intended for the UE, 
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. The HARQ-ACK feedback bits without any detected PDSCH transmission or without detected PDCCH indicating downlink SPS release are set to NACK. The UE shall not transmit HARQ-ACK if 
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For TDD when both HARQ-ACK and SR are transmitted in the same sub-frame, a UE shall transmit the bundled HARQ-ACK or the multiple ACK/NAK responses (according to section 10.1) on its assigned HARQ-ACK PUCCH resources for a negative SR transmission. For a positive SR, the UE shall transmit 
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 on its assigned SR PUCCH resource using PUCCH format 1b according to section 5.4.1 in [3]. The value of 
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 HARQ-ACK responses including ACK in response to PDCCH indicating downlink SPS release by spatial ACK/NAK bundling across multiple codewords within each PDSCH transmission. For TDD UL-DL configurations 1-6, if 
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, the UE detects that at least one downlink assignment has been missed.
Table 7.3-1: Mapping between multiple HARQ-ACK responses and 
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	Number of ACK among multiple (
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	0 or None (UE detect at least one DL assignment is missed)
	0, 0

	1
	1, 1

	2
	1, 0

	3
	0, 1

	4
	1, 1

	5
	1, 0

	6
	0, 1

	7
	1, 1

	8
	1, 0

	9
	0, 1


For TDD when both HARQ-ACK and CSI are configured to be transmitted in the same sub-frame on the PUCCH, a UE shall transmit the CSI and 
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 using PUCCH format 2b for normal CP or PUCCH format 2 for extended CP, according to section 5.2.3.4 in [4] with 
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 HARQ-ACK responses including ACK in response to PDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across multiple codewords within each PDSCH transmission. For TDD UL-DL configurations 1-6, if 
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, the UE detects that at least one downlink assignment has been missed.
When only HARQ-ACK or only a positive SR is transmitted a UE shall use PUCCH Format 1a/1b for the HARQ-ACK resource and PUCCH Format 1 for the SR resource as defined in section 5.4.1 in [3].
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