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Background
In previous RAN1 meeting, the following agreement was made for shortened processing time for 1ms TTI [1][2][3].
	Agreement 1:
· 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



	Agreement 2:
· For a UE configured with n+3 1ms TTI, synchronous UL HARQ is supported for UL transmissions with legacy processing time (n+4)
Agreement 3:
· 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 4:
· The PUSCH UL HARQ processes of n+3 1ms TTI and n+4 1ms TTI are not shared



	Agreement 5:
· For shortened processing time with 1ms TTI, the modified DCI formats for n+3 timing are applied only to USS, and the legacy DCI formats 0/4 are applied to CSS



In this contribution, we discuss some clarifications on shortened processing time for 1ms TTI.
Spec clarification on search space for PUSCH retransmission
It has been agreed in agreement 2 that, for a UE configured with n+3 1ms TTI, synchronous UL HARQ is supported for UL transmissions with legacy processing time n+4. Agreement 4 shows UL HARQ processes of n+3 1ms TTI and n+4 1ms TTI are not shared. These agreements imply that same processing time and UL associated UL HARQ process type are applied between initial PUSCH transmission and corresponding retransmission. Furthermore, based on the agreement 1, for a UE configured with n+3 1ms TTI, PDCCH for processing time n+3 are carried in USS and PDCCH for processing time n+4 are carried in CSS. Therefore, search space type (CSS or USS) for initial PUSCH transmission and corresponding retransmission should be same. Hence we should clarify the current spec to capture the same search space for initial PUSCH transmission and corresponding retransmission.
Proposal 1:
· In order to implement agreement that the PUSCH UL HARQ processes of n+3 1ms TTI and n+4 1ms TTI are not shared, same search space should be used for initial PUSCH transmission and corresponding retransmission.
· Text proposal 1 (with blue wording) is provided as below. 
	===       Text Proposal 1    (from TS 36.213 V15.0.0) ===
8.0 UE procedure for transmitting the physical uplink shared channel
<--------------------omitted----------------->
If a UE is configured with a higher layer parameter ShortTTI-Length, the UE shall decode PDCCH DCI format 7-0A/7-0B in UE specific search space.
If a UE is configured with a higher layer parameter pusch-EnhancementsConfig, the UE may assume that PDCCH/EPDCCH for a PUSCH retransmission of a transport block will occur in the UE specific search space if the PDCCH/EPDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the UE specific search space.
If a UE is configured with a higher layer parameter pusch-EnhancementsConfig, the UE may assume that PDCCH/EPDCCH for a PUSCH retransmission of a transport block will occur in the common search space if the PDCCH/EPDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the common search space.
If a UE is configured with a higher layer parameter shortProcessingTime, the UE may assume that PDCCH for a PUSCH retransmission of a transport block will occur in the UE specific search space if the PDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the UE specific search space.
If a UE is configured with a higher layer parameter shortProcessingTime, the UE may assume that PDCCH for a PUSCH retransmission of a transport block will occur in the common search space if the PDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the common search space.
If a UE is configured by higher layers to decode MPDCCHs with the CRC scrambled by the C-RNTI, the UE shall decode the MPDCCH according to the combination defined in Table 8-3B and transmit the corresponding PUSCH if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8]. The scrambling initialization of this PUSCH corresponding to these MPDCCHs and the PUSCH retransmission for the same transport block is by C-RNTI.
<--------------------omitted----------------->


Search space of PUSCH retransmission scheduled by RAR grant
As known, there is no change to random access procedure by this shortened TTI and processing time work item that is noted in [4]. Hence, even if a UE is configured with shortProcessingTime, for the PUSCH transmission and retransmission corresponding to a random access procedure, uplink HARQ operation should be synchronous. 
According to the current specification, if the initial PUSCH transmission for a transport block is scheduled by the random response grant corresponding to the contention based random access, PDCCH with temporary C-RNTI used to schedule the PUSCH retransmission for the same transport block is transmitted in CSS, while if the initial PUSCH transmission for a transport block is scheduled by the random response grant corresponding to the non-contention based random access, PDCCH with C-RNTI used to schedule the PUSCH retransmission for the same transport block is transmitted in either CSS or USS. However, for non-contention based random access procedure case, if UE configured with shortProcessingTime decodes the PDCCH for the PUSCH retransmission in USS, the PUSCH retransmission timing follows a shortened processing time (n+3) and UL HARQ operation for the PUSCH retransmission is asynchronous. However, agreement 1 is applied to the case except for random access procedure. 
Thus, to avoid ambiguity, PDCCH for PUSCH retransmission corresponding to initial PUSCH transmission scheduled by a random access response grant should occur only in CSS so that the PUSCH retransmission timing follows a legacy processing time (n+4) and UL HARQ operation for the PUSCH retransmission is synchronous.
Proposal 2:
· For a UE configured with shortProcessingTime, if a PUSCH transmission for a transport block is scheduled by a random access response grant corresponding to non-contention based random access procedure, UE assumes that PDCCH for the corresponding PUSCH retransmission will occur only in CSS.
· Text proposal 2 (with red wording) is provided as below. 
	===       Text Proposal 2    (from TS 36.213 V15.0.0) ===
8.0 UE procedure for transmitting the physical uplink shared channel
<--------------------omitted----------------->
If a UE is configured with a higher layer parameter ShortTTI-Length, the UE shall decode PDCCH DCI format 7-0A/7-0B in UE specific search space.
If a UE is configured with a higher layer parameter pusch-EnhancementsConfig, the UE may assume that PDCCH/EPDCCH for a PUSCH retransmission of a transport block will occur in the UE specific search space if the PDCCH/EPDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the UE specific search space.
If a UE is configured with a higher layer parameter pusch-EnhancementsConfig, the UE may assume that PDCCH/EPDCCH for a PUSCH retransmission of a transport block will occur in the common search space if the PDCCH/EPDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the common search space.
If a UE is configured with a higher layer parameter shortProcessingTime, the UE may assume that PDCCH/EPDCCH for a PUSCH retransmission of a transport block will occur in the UE specific search space if the PDCCH/EPDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the UE specific search space.
If a UE is configured with a higher layer parameter shortProcessingTime, the UE may assume that PDCCH for a PUSCH retransmission of a transport block will occur in the common search space if the PDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the common search space or if the corresponding initial PUSCH transmission corresponds to a Random access Response Grant as part of the non-contention based random access procedure.
If a UE is configured by higher layers to decode MPDCCHs with the CRC scrambled by the C-RNTI, the UE shall decode the MPDCCH according to the combination defined in Table 8-3B and transmit the corresponding PUSCH if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8]. The scrambling initialization of this PUSCH corresponding to these MPDCCHs and the PUSCH retransmission for the same transport block is by C-RNTI.
<--------------------omitted----------------->



Missing processing timing alignment for a UE configured with shortProcessingTime
In section 10.1.2 of current spec 36.213, kp is introduced to replace normal processing timing for processing timing alignment if the UE is configured with higher layer parameter shortProcessingTime. There are still some missing processing timing alignment in current spec. The missing processing timing alignment have been captured in the below text proposal 3.
Proposal 3:
· In section 10.1.2 of 36.213, timing n-4 should be modified to n-kp for UE configured with higher layer parameter shortProcessingTime.
· Text proposal 3 (with blue wording and strikethrough) is provided as below. 
	===       Text Proposal 3    (from TS 36.213 V15.0.0) ===
10.1.2 FDD HARQ-ACK feedback procedures
<--------------------omitted----------------->
Throughout this section,


-	if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH is in the UE-specific search space, and otherwise,


-	if the UE is configured with higher layer parameter ShortTTI-Length and the corresponding PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G is detected in a subslot,  is determined based on higher layer configuration from .
[bookmark: _Toc415085521]10.1.2.2.1	PUCCH format 1b with channel selection HARQ-ACK procedure
<--------------------omitted----------------->
The UE shall determine the [image: ] PUCCH resources, [image: ] associated with HARQ-ACK(j) where [image: ] in Table 10.1.2.2.1-1, according to 
· for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n - kp [image: ] on the primary cell or in subframe n-3 if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH is in the UE-specific search space on the primary cell, or for a PDCCH indicating downlink SPS release (defined in Subclause 9.2) in subframe n - kp [image: ] on the primary cell, the PUCCH resource is [image: ], and for transmission mode that supports up to two transport blocks, the PUCCH resource [image: ] is given by [image: ] where [image: ] is the number of the first CCE used for transmission of the corresponding PDCCH and [image: ] is configured by higher layers.
· for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in subframe n - kp [image: ], the value of [image: ] is determined according to higher layer configuration and Table 9.2-2. For transmission mode that supports up to two transport blocks, the PUCCH resource [image: ] is given by [image: ]
for a PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n - kp [image: ] on the secondary cell, the value of [image: ], and the value of [image: ] for the transmission mode that supports up to two transport blocks is determined according to higher layer configuration and Table 10.1.2.2.1-2. The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource values from one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.1-2. For a UE configured for a transmission mode that supports up to two transport blocks a PUCCH resource value in Table 10.1.2.2.1-2 maps to two PUCCH resources [image: ], otherwise, the PUCCH resource value maps to a single PUCCH resource [image: ].
[bookmark: _Toc415085522]10.1.2.2.2	PUCCH format 3 HARQ-ACK procedure
For PUCCH format 3, the UE shall use PUCCH resource [image: ] or [image: ] for transmission of HARQ-ACK in subframe/slot [image: ] for [image: ] mapped to antenna port p where

-	for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH with DCI formats other than DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G in subframe , or for a PDCCH indicating downlink SPS release (defined in Subclause 9.2) in subframe n - kp [image: ] on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource [image: ] with [image: ] for antenna port [image: ], where [image: ] is the number of the first CCE (i.e. lowest CCE index used to construct the PDCCH) used for transmission of the corresponding PDCCH and [image: ] is configured by higher layers. When two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port [image: ] is given by [image: ].
-	for a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in subframe n - kp [image: ], the UE shall use PUCCH format 1a/1b and PUCCH resource [image: ] where the value of [image: ] is determined according to higher layer configuration and Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format 1a/1b, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource [image: ] for antenna port [image: ] and the second PUCCH resource [image: ] for antenna port [image: ], otherwise, the PUCCH resource value maps to a single PUCCH resource [image: ] for antenna port [image: ]. 
10.1.2.2.3	PUCCH format 4 HARQ-ACK procedure


For PUCCH format 4, the UE shall use PUCCH resource  or  or [image: ] for transmission of HARQ-ACK and scheduling request (if any) and periodic CSI (if any) in subframe/slot/subslot [image: ] for [image: ] mapped to antenna port p where

-	for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH with DCI formats other than DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G in subframe , or for a PDCCH indicating downlink SPS release (defined in Subclause 9.2) in subframe n - kp [image: ] on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource [image: ] with [image: ] for antenna port [image: ], where [image: ] is the number of the first CCE (i.e. lowest CCE index used to construct the PDCCH) used for transmission of the corresponding PDCCH and [image: ] is configured by higher layers. When two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port [image: ] is given by [image: ].
-	for a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in subframe n - kp [image: ], the UE shall use PUCCH format 1a/1b and PUCCH resource [image: ] where the value of [image: ] is determined according to higher layer configuration and Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format 1a/1b, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource [image: ] for antenna port [image: ] and the second PUCCH resource [image: ] for antenna port [image: ], otherwise, the PUCCH resource value maps to a single PUCCH resource [image: ] for antenna port [image: ]. 
10.1.2A	FDD-TDD HARQ-ACK feedback procedures for primary cell frame structure type 1
For a UE transmitting HARQ-ACK using PUCCH format 1b with channel selection, the UE shall determine the number of HARQ-ACK bits, [image: ] in subframe [image: ], based on the number of configured serving cells with subframe n - kp [image: ] configured as a downlink or special subframe according to the DL-reference UL/DL configuration (defined in Subclause 10.2) of each serving cell and the downlink transmission modes configured for each serving cell. For a UE not configured with PUCCH format 4/5 and transmitting HARQ-ACK using PUCCH format 3, the UE shall determine the number of HARQ-ACK bits, [image: ] in subframe [image: ], based on the number of configured serving cells with subframe n - kp [image: ] configured as a downlink or special subframe except a special subframe of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP according to the DL-reference UL/DL configuration (defined in Subclause 10.2) of each serving cell and the downlink transmission modes configured for each serving cell. The UE shall use two HARQ-ACK bits for a serving cell configured with a downlink transmission mode that support up to two transport blocks; and one HARQ-ACK bit otherwise. 
A UE that supports aggregating at most 2 serving cells shall use PUCCH format 1b with channel selection for transmission of HARQ-ACK when configured with primary cell frame structure type 1 and secondary cell frame structure type 2. 
A UE that supports aggregating more than 2 serving cells with primary cell frame structure type 1 is configured by higher layers to use either PUCCH format 1b with channel selection or PUCCH format 3/4/5 for transmission of HARQ-ACK when configured with more than one serving cell and primary cell frame structure type 1 and at least one secondary cell with frame structure type 2. 
For HARQ-ACK transmission in subframe [image: ] with PUCCH format 1b with channel selection, the FDD-TDD HARQ-ACK procedure follows HARQ-ACK procedure described in Subclause 10.1.2.1 if subframe n - kp [image: ] is an uplink or a special subframe of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP for the secondary cell according to the higher layer parameter subframeAssignment for UE not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, and according to the higher layer parameter eimta-HARQ-ReferenceConfig-r12 for UE configured with the higher layer parameter EIMTA-MainConfigServCell-r12, and HARQ-ACK procedure described in Subclause 10.1.2.2.1 otherwise.
<--------------------omitted----------------->



Conclusion
In this contribution, we discuss some clarifications on shortened processing time for 1ms TTI. We have the following proposals:
Proposal 1:
· In order to implement agreement that the PUSCH UL HARQ processes of n+3 1ms TTI and n+4 1ms TTI are not shared, same search space should be used for initial PUSCH transmission and corresponding retransmission.
· Text proposal 1 (with blue wording) is provided as below. 
	===       Text Proposal 1    (from TS 36.213 V15.0.0) ===
8.0 UE procedure for transmitting the physical uplink shared channel
<--------------------omitted----------------->
If a UE is configured with a higher layer parameter ShortTTI-Length, the UE shall decode PDCCH DCI format 7-0A/7-0B in UE specific search space.
If a UE is configured with a higher layer parameter pusch-EnhancementsConfig, the UE may assume that PDCCH/EPDCCH for a PUSCH retransmission of a transport block will occur in the UE specific search space if the PDCCH/EPDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the UE specific search space.
If a UE is configured with a higher layer parameter pusch-EnhancementsConfig, the UE may assume that PDCCH/EPDCCH for a PUSCH retransmission of a transport block will occur in the common search space if the PDCCH/EPDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the common search space.
If a UE is configured with a higher layer parameter shortProcessingTime, the UE may assume that PDCCH for a PUSCH retransmission of a transport block will occur in the UE specific search space if the PDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the UE specific search space.
If a UE is configured with a higher layer parameter shortProcessingTime, the UE may assume that PDCCH for a PUSCH retransmission of a transport block will occur in the common search space if the PDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the common search space.
If a UE is configured by higher layers to decode MPDCCHs with the CRC scrambled by the C-RNTI, the UE shall decode the MPDCCH according to the combination defined in Table 8-3B and transmit the corresponding PUSCH if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8]. The scrambling initialization of this PUSCH corresponding to these MPDCCHs and the PUSCH retransmission for the same transport block is by C-RNTI.
<--------------------omitted----------------->



Proposal 2:
· For a UE configured with shortProcessingTime, if a PUSCH transmission for a transport block is scheduled by a random access response grant corresponding to non-contention based random access procedure, UE assumes that PDCCH for the corresponding PUSCH retransmission will occur only in CSS.
· Text proposal 2 (with red wording) is provided as below. 
	===       Text Proposal 2    (from TS 36.213 V15.0.0) ===
8.0 UE procedure for transmitting the physical uplink shared channel
<--------------------omitted----------------->
If a UE is configured with a higher layer parameter ShortTTI-Length, the UE shall decode PDCCH DCI format 7-0A/7-0B in UE specific search space.
If a UE is configured with a higher layer parameter pusch-EnhancementsConfig, the UE may assume that PDCCH/EPDCCH for a PUSCH retransmission of a transport block will occur in the UE specific search space if the PDCCH/EPDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the UE specific search space.
If a UE is configured with a higher layer parameter pusch-EnhancementsConfig, the UE may assume that PDCCH/EPDCCH for a PUSCH retransmission of a transport block will occur in the common search space if the PDCCH/EPDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the common search space.
If a UE is configured with a higher layer parameter shortProcessingTime, the UE may assume that PDCCH/EPDCCH for a PUSCH retransmission of a transport block will occur in the UE specific search space if the PDCCH/EPDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the UE specific search space.
If a UE is configured with a higher layer parameter shortProcessingTime, the UE may assume that PDCCH for a PUSCH retransmission of a transport block will occur in the common search space if the PDCCH for the corresponding initial PUSCH transmission for the same transport block was decoded in the common search space or if the corresponding initial PUSCH transmission corresponds to a Random access Response Grant as part of the non-contention based random access procedure.
If a UE is configured by higher layers to decode MPDCCHs with the CRC scrambled by the C-RNTI, the UE shall decode the MPDCCH according to the combination defined in Table 8-3B and transmit the corresponding PUSCH if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8]. The scrambling initialization of this PUSCH corresponding to these MPDCCHs and the PUSCH retransmission for the same transport block is by C-RNTI.
<--------------------omitted----------------->



Proposal 3:
· In section 10.1.2 of 36.213, timing n-4 should be modified to n-kp for UE configured with higher layer parameter shortProcessingTime.
· Text proposal 3 (with blue wording and strikethrough) is provided as below. 
	===       Text Proposal 3    (from TS 36.213 V15.0.0) ===
10.1.2 FDD HARQ-ACK feedback procedures
<--------------------omitted----------------->
Throughout this section,


-	if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH is in the UE-specific search space, and otherwise,


-	if the UE is configured with higher layer parameter ShortTTI-Length and the corresponding PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G is detected in a subslot,  is determined based on higher layer configuration from .
10.1.2.2.1	PUCCH format 1b with channel selection HARQ-ACK procedure
<--------------------omitted----------------->
The UE shall determine the [image: ] PUCCH resources, [image: ] associated with HARQ-ACK(j) where [image: ] in Table 10.1.2.2.1-1, according to 
· for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n - kp [image: ] on the primary cell or in subframe n-3 if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH is in the UE-specific search space on the primary cell, or for a PDCCH indicating downlink SPS release (defined in Subclause 9.2) in subframe n - kp [image: ] on the primary cell, the PUCCH resource is [image: ], and for transmission mode that supports up to two transport blocks, the PUCCH resource [image: ] is given by [image: ] where [image: ] is the number of the first CCE used for transmission of the corresponding PDCCH and [image: ] is configured by higher layers.
· for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in subframe n - kp [image: ], the value of [image: ] is determined according to higher layer configuration and Table 9.2-2. For transmission mode that supports up to two transport blocks, the PUCCH resource [image: ] is given by [image: ]
for a PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n - kp [image: ] on the secondary cell, the value of [image: ], and the value of [image: ] for the transmission mode that supports up to two transport blocks is determined according to higher layer configuration and Table 10.1.2.2.1-2. The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource values from one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.1-2. For a UE configured for a transmission mode that supports up to two transport blocks a PUCCH resource value in Table 10.1.2.2.1-2 maps to two PUCCH resources [image: ], otherwise, the PUCCH resource value maps to a single PUCCH resource [image: ].
10.1.2.2.2	PUCCH format 3 HARQ-ACK procedure
For PUCCH format 3, the UE shall use PUCCH resource [image: ] or [image: ] for transmission of HARQ-ACK in subframe/slot [image: ] for [image: ] mapped to antenna port p where

-	for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH with DCI formats other than DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G in subframe , or for a PDCCH indicating downlink SPS release (defined in Subclause 9.2) in subframe n - kp [image: ] on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource [image: ] with [image: ] for antenna port [image: ], where [image: ] is the number of the first CCE (i.e. lowest CCE index used to construct the PDCCH) used for transmission of the corresponding PDCCH and [image: ] is configured by higher layers. When two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port [image: ] is given by [image: ].
-	for a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in subframe n - kp [image: ], the UE shall use PUCCH format 1a/1b and PUCCH resource [image: ] where the value of [image: ] is determined according to higher layer configuration and Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format 1a/1b, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource [image: ] for antenna port [image: ] and the second PUCCH resource [image: ] for antenna port [image: ], otherwise, the PUCCH resource value maps to a single PUCCH resource [image: ] for antenna port [image: ]. 
10.1.2.2.3	PUCCH format 4 HARQ-ACK procedure


For PUCCH format 4, the UE shall use PUCCH resource  or  or [image: ] for transmission of HARQ-ACK and scheduling request (if any) and periodic CSI (if any) in subframe/slot/subslot [image: ] for [image: ] mapped to antenna port p where

-	for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH with DCI formats other than DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G in subframe , or for a PDCCH indicating downlink SPS release (defined in Subclause 9.2) in subframe n - kp [image: ] on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource [image: ] with [image: ] for antenna port [image: ], where [image: ] is the number of the first CCE (i.e. lowest CCE index used to construct the PDCCH) used for transmission of the corresponding PDCCH and [image: ] is configured by higher layers. When two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port [image: ] is given by [image: ].
-	for a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in subframe n - kp [image: ], the UE shall use PUCCH format 1a/1b and PUCCH resource [image: ] where the value of [image: ] is determined according to higher layer configuration and Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format 1a/1b, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource [image: ] for antenna port [image: ] and the second PUCCH resource [image: ] for antenna port [image: ], otherwise, the PUCCH resource value maps to a single PUCCH resource [image: ] for antenna port [image: ]. 
10.1.2A	FDD-TDD HARQ-ACK feedback procedures for primary cell frame structure type 1
For a UE transmitting HARQ-ACK using PUCCH format 1b with channel selection, the UE shall determine the number of HARQ-ACK bits, [image: ] in subframe [image: ], based on the number of configured serving cells with subframe n - kp [image: ] configured as a downlink or special subframe according to the DL-reference UL/DL configuration (defined in Subclause 10.2) of each serving cell and the downlink transmission modes configured for each serving cell. For a UE not configured with PUCCH format 4/5 and transmitting HARQ-ACK using PUCCH format 3, the UE shall determine the number of HARQ-ACK bits, [image: ] in subframe [image: ], based on the number of configured serving cells with subframe n - kp [image: ] configured as a downlink or special subframe except a special subframe of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP according to the DL-reference UL/DL configuration (defined in Subclause 10.2) of each serving cell and the downlink transmission modes configured for each serving cell. The UE shall use two HARQ-ACK bits for a serving cell configured with a downlink transmission mode that support up to two transport blocks; and one HARQ-ACK bit otherwise. 
A UE that supports aggregating at most 2 serving cells shall use PUCCH format 1b with channel selection for transmission of HARQ-ACK when configured with primary cell frame structure type 1 and secondary cell frame structure type 2. 
A UE that supports aggregating more than 2 serving cells with primary cell frame structure type 1 is configured by higher layers to use either PUCCH format 1b with channel selection or PUCCH format 3/4/5 for transmission of HARQ-ACK when configured with more than one serving cell and primary cell frame structure type 1 and at least one secondary cell with frame structure type 2. 
[bookmark: _GoBack]For HARQ-ACK transmission in subframe [image: ] with PUCCH format 1b with channel selection, the FDD-TDD HARQ-ACK procedure follows HARQ-ACK procedure described in Subclause 10.1.2.1 if subframe n - kp [image: ] is an uplink or a special subframe of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP for the secondary cell according to the higher layer parameter subframeAssignment for UE not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, and according to the higher layer parameter eimta-HARQ-ReferenceConfig-r12 for UE configured with the higher layer parameter EIMTA-MainConfigServCell-r12, and HARQ-ACK procedure described in Subclause 10.1.2.2.1 otherwise.
<--------------------omitted----------------->
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