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1	Introduction
A mix of synchronous and asynchronous UL HARQ on a serving cell has been introduced in Rel-15 for the SPT & sTTI UL operation. The synchronous & asynchronous UL HARQ on a serving cell operate basically independently, as re-transmission of legacy UL synchronous HARQ with N+4 timing and on UL asynchronous HARQ (Rel-15 SPT and/or shorter TTI) and vice versa is not supported. 
Looking at 36.321, there is only a single UL HARQ entity supported for LTE and the related number of UL HARQ processes is defined in 36.213 Sec. 8: 
	[bookmark: _Toc494136291]5.4.2       HARQ operation
5.4.2.1            HARQ entity
There is one HARQ entity at the MAC entity for each Serving Cell with configured uplink, which maintains a number of parallel HARQ processes allowing transmissions to take place continuously while waiting for the HARQ feedback on the successful or unsuccessful reception of previous transmissions.
The number of parallel HARQ processes per HARQ entity is specified in [2], clause 8. NB-IoT has one or two UL HARQ processes.
[…]



As only a single UL HARQ entity is supported, this basically means that the independently operating synchronous & asynchronous UL HARQ processes (i.e. the number of parallel HARQ processes) are to be defined in 36.213. Based on the current description, the number of parallel HARQ processes is the total number of parallel UL HARQ processes (not distinguishing between synchronous & asynchronous). Therefore, the UE will need to share the pool of parallel UL HARQ processes between synch & async HARQ operation. 
In case of dynamic fall-back to legacy PUSCH with synchronous HARQ, parallel synchronous and asynchronous UL HARQ processes will be active and due to the currently required sharing, it is unclear which UL HARQ process from the total pool of processes the UE should re-use (i.e. flush/overwrite). 
In this contribution, we discuss different options to solve this issue in Sec. 2 – followed by the related TP based Proposal 1 in Sec. 3. 

2	Discussion
To define the UL HARQ process operation in case of dynamic synchronous & asynchronous UL HARQ operation on the serving cell, the following 3 alternatives are identified:
· Alt. 1: Define separate HARQ entities for synchronous & asynchronous UL HARQ (no HARQ process sharing):
This operation would make the synchronous and asynchronous UL HARQ processes differently visible to the higher layers and would require extensive changes in RAN1 (& MAC). With such operation, it would be possible in 36.213 to define separately the number of HARQ processes for each of the HARQ entities (sync & async) based on the available decisions on the supported UL HARQ processes for SPT & sTTI. 
With this operation, there is no common HARQ process pool for synchronous & asynchronous UL HARQ (i.e. no HARQ process pool sharing is needed). Therefore, the scheduling with synchronous UL HARQ will not lead to any unintended HARQ buffer flushing of any asynchronous UL HARQ process (and vice versa). 

· [bookmark: _Hlk521418085]Alt. 2: Define separately the number of HARQ processes for synchronous & asynchronous UL HARQ (no HARQ process sharing):
In contrast to Alt. 1, for Alt. 2 there is still a single HARQ entity per serving cell (less higher layer impact than Alt. 2) but as the number of HARQ processes are separately defined in 36.213 (based on the agreed number of UL HARQ processes), similar as Alt. 1 there is no need to share the available UL HARQ processes between sync & async UL HARQ operation (and no unintended HARQ buffer flushing). 

· Alt. 3: Define a pseudo HARQ-ID mapping for synchronous HARQ (HARQ process pool sharing):
With this operation, there is only a single HARQ process pool available and the HARQ processes need to be dynamically shared between sync & asynch HARQ (although re-transmission is not allowed). To identify which HARQ process is to be reused (HARQ buffer flushed & overwritten) when moving from sync to async HARQ (and vice versa), some ‘pseudo HARQ-ID’ is to be associated for synch UL HARQ transmission. Such ‘pseudo HARQ-ID mapping’ has been introduced for SPS enhancements in Rel-14, where there is a mapping of the UL-SCH to a HARQ ID in Sec. 5.4.2 of 36.321. A similar mapping could be used to define which HARQ process(es) of a certain HARQ-ID are associated with the UL subframe carrying the synchronous PUSCH – and thereby to define which HARQ processes to be re-used (flushed/overwritten) when dynamically scheduling sync & synch UL PUSCH. When moving from async to sync, the eNB may take this into account when defining the scheduling timing for the sync HARQ process to not flush a still pending asynchronous UL HARQ process which will introduce additional scheduling delays. 
Comparing to Alt. 2, the UE will need to support less UL HARQ processes in total when configured with SPT &/ sTTI PUSCH but as noted above, will introduce some additional delays for synchronous PUSCH scheduling  

Comparing the three alternatives, clearly Alt. 2 is the most flexible solution (compared to Alt. 3) and at the same time minimize the specification impact (compared to Alt. 2). Therefore, Alt. 2 should be adopted to solve the unclear interaction of synchronous and asynchronous UL HARQ when being configured with SPT or sPUSCH. 
Proposed Agreement: Define separate HARQ process pools for asynchronous & synchronous UL HARQ by defining separately the number of HARQ processes for synchronous & asynchronous UL HARQ.

The related TP is given in Sec. 3


3	TP to 36.213 V15.2.0, Sec. 8

[bookmark: _Toc415085485]8	Physical uplink shared channel related procedures
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
-	When the procedures are applied for MCG, the terms 'secondary cell', 'secondary cells' , 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.
-	When the procedures are applied for SCG, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term 'primary cell' in this clause refers to the PSCell of the SCG. 
If a UE is configured with a LAA SCell for UL transmissions, the UE shall apply the procedures described in this clause assuming frame structure type 1 for the LAA SCell unless stated otherwise.
For a UE configured with EN-DC and serving cell frame structure type 1, if the UE is configured with subframeAssignment-r15 for the serving cell, the UE is not expected to transmit any uplink physical channel or signal in the serving cell on subframes other than offset-UL subframes, where the offset-UL subframes are determined by applying an offset value given by harq-Offset-r15 to the subframes denoted as uplink in the UL/DL configuration subframeAssignment-r15. 
For a UE configured with EN-DC and serving cell frame structure type 1, if the UE is configured with subframeAssignment-r15 for the serving cell, the UE is not expected to be configured with more than one serving cells in the uplink.
For a non-BL/CE UE, and for FDD and transmission mode 1 and a cell that is not a LAA SCell, there shall be 16 uplink HARQ processes per serving cell configured with higher layer parameter ul-TTI-Length, otherwise 8 synchronous uplink HARQ processes per serving cell for non-subframe bundling operation, i.e. normal HARQ operation, and 3 synchronous uplink HARQ processes for subframe bundling operation when parameter e-HARQ-Pattern-r12 is set to TRUE and 4 synchronous uplink HARQ processes for subframe bundling operation otherwise. For a non-BL/CE UE, and for FDD and transmission mode 1 and a cell that is not a LAA SCell, there shall be 16 asynchronous uplink HARQ processes per serving cell configured with higher layer parameter ul-TTI-Length, otherwise 8 asynchronous uplink HARQ processes per serving cell configured with higher layer parameter shortProcessingTime. For a non-BL/CE UE, and for FDD and transmission mode 2 configured for subframe-PUSCH and a cell that is not a LAA SCell, there shall be 32 uplink HARQ processes per serving cell configured with higher layer parameters ul-TTI-Length and shortProcessingTime, otherwise 16 synchronous uplink HARQ processes per serving cell for non-subframe bundling operation, 16 asynchronous uplink HARQ processes per serving cell configured with either higher layer parameter shortProcessingTime or higher layer parameter ul-TTI-Length, 32 asynchronous uplink HARQ processes per serving cell configured with higher layer parameters ul-TTI-Length and shortProcessingTime and there are two HARQ processes associated with a given subframe for subframe-PUSCH as described in [8]. The subframe bundling operation is configured by the parameter ttiBundling provided by higher layers.
For FDD and a BL/CE UE configured with CEModeA, there shall be at most 8 uplink HARQ processes per serving cell.
For FDD and a BL/CE UE configured with CEModeB, there shall be at most 2 uplink HARQ processes per serving cell.
For a LAA SCell, and transmission mode 1, there shall be 16 uplink HARQ processes. For a LAA SCell, and transmission mode 2, there shall be 32 uplink HARQ processes. 
There shall be 16 asynchronous uplink HARQ processes per TDD serving cell configured with higher layer parameter ul-TTI-Length. 
In case higher layers configure the use of subframe bundling for FDD and TDD, the subframe bundling operation is only applied to UL-SCH, such that four consecutive uplink subframes are used. 
A BL/CE UE is not expected to be configured with simultaneous PUSCH and PUCCH transmission.
[bookmark: _Toc415085486]8.0	UE procedure for transmitting the physical uplink shared channel
< Unchanged parts are omitted >

If the UE is not configured with higher layer parameter ul-TTI-Length, fFor a non-BL/CE UE, for TDD and transmission mode 1, the number of synchronous HARQ processes per serving cell shall be determined by the UL/DL configuration (Table 4.2-2 of [3]), as indicated in Table 8-1 if the UE is not configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell, otherwise as indicated in Table 8-1a.  For a non-BL/CE UE, for TDD and transmission mode 1, if the UE is configured with higher layer parameter shortProcessingTime but not configured with higher layer parameter ul-TTI-Length, the number of asynchronous HARQ processes per serving cell shall be determined as by the UL/DL configuration (Table 4.2-2 of [3]), as indicated in Table 8-1 if the UE is not configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell, otherwise as indicated 


-	, whereis indicated in Table 8-1a., if the UE is configured with shortProcessingTime and the corresponding PDCCH is in the UE-specific search space,
-	indicated in Table 8-1a. 
For a non-BL/CE UE, for TDD and transmission mode 2 if the UE is not configured with higher layer parameter ul-TTI-Length, the number of synchronous HARQ processes per serving cell for non-subframe bundling operation shall be twice the number determined by the UL/DL configuration (Table 4.2-2 of [3]) for TDD and transmission mode 1 and there are two HARQ processes associated with a given subframe as described in [8]. For a non-BL/CE UE, for TDD if the UE is configured with higher layer parameter shortProcessingTime and transmission mode 2 but not configured with configured higher layer parameter ul-TTI-Length, the number of asynchronous HARQ processes per serving cell for non-subframe bundling operation shall be twice the number determined by the UL/DL configuration (Table 4.2-2 of [3]) for TDD and transmission mode 1 and there are two HARQ processes associated with a given subframe as described in [8]. For TDD and both transmission mode 1 and transmission mode 2, the "TDD UL/DL configuration" in Table 8-1 and Table 8-1a refers to the UL-reference UL/DL configuration for the serving cell if UL-reference UL/DL configuration is defined for the serving cell and refers to the serving cell UL/DL configuration otherwise. 
For a non-BL/CE UE configured higher layer parameter ul-TTI-Length, if the UE is configured with shortProcessingTime and transmission mode 2 for subframe-PUSCH the number of asynchronous HARQ processes per TDD serving cell for non-subframe bundling operation is 32, and 16 otherwise. There are two HARQ processes for transmission mode 2 of subframe-PUSCH associated with a given subframe as described in [8]. 
For a BL/CE UE configured with CEModeA and for TDD, the maximum number of HARQ processes per serving cell shall be determined by the UL/DL configuration (Table 4.2-2 of [3]) according to the normal HARQ operation in Table 8-1. For TDD a BL/CE UE configured with CEModeB is not expected to support more than 2 uplink HARQ processes per serving cell.

Table 8-1: Number of synchronous UL HARQ processes for TDD
	TDD UL/DL configuration
	Number of HARQ processes
 for normal HARQ operation
	Number of HARQ processes 
for subframe bundling operation

	0
	7
	3

	1
	4
	2

	2
	2
	N/A

	3
	3
	N/A

	4
	2
	N/A

	5
	1
	N/A

	6
	6
	3



Table 8-1a: Number of synchronous UL HARQ processes for TDD and UE configured with symPUSCH-UpPts-r14
	TDD UL/DL configuration
	Number of HARQ processes
 for normal HARQ operation
	Number of HARQ processes 
for subframe bundling operation

	0
	9
	N/A

	1
	6
	N/A

	2
	4
	2

	3
	4
	2

	4
	3
	N/A

	5
	2
	N/A

	6
	8
	N/A



For TDD, if the UE is not configured with EIMTA-MainConfigServCell-r12 for any serving cell, and if a UE is configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL configuration of all the configured serving cells is the same, 
-	For TDD UL/DL configurations 1-6 and normal HARQ operation and UE not configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell, the UE shall upon detection of a PDCCH/EPDCCH/SPDCCH with uplink DCI format in subframe/slot n and/or a PHICH transmission in subframe n intended for the UE, perform a corresponding PUSCH transmission in subframe/slot n+k, with k given in 
-	Table 8-2m for special subframe configuration 1, 2, 3, 4, 6, 7, 8 if the UE is configured with higher layer parameter ul-TTI-Length, and the corresponding uplink DCI format is 7-0A/7-0B
-	Table 8-2n for special subframe configuration 0, 5, 9 if the UE is configured with higher layer parameter ul-TTI-Length, and the corresponding uplink DCI format is 7-0A/7-0B 
-	For TDD UL/DL configuration 6 and for n=0, 1, 2, 10, 11, 12
-	If only the MSB of the UL index in the uplink DCI is set in slot n, the UE shall perform a corresponding PUSCH transmission in slot n+ k
-	If only the LSB of the UL index in the uplink DCI is set in slot n, the UE shall perform a corresponding PUSCH transmission in slot n+ k+1
-	If both the MSB and LSB of the UL index in the uplink DCI are set in slot n, the UE shall perform a corresponding PUSCH transmission in both slot n+ k and n+ k+1, where the HARQ process number of the PUSCH in slot n+k is [image: ] and the HARQ process number of the PUSCH in n+k+1 is [image: ] with [image: ] from the HARQ process number field in the corresponding DCI format.
-	Table 8-2i if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with DCI format 0/4 and with CRC scrambled by C-RNTI is in the UE-specific search space, 
-	Table 8-2 otherwise,
according to the PDCCH/EPDCCH/SPDCCH and PHICH information if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8].
-	For TDD UL/DL configuration 0 and normal HARQ operation the UE shall upon detection of a PDCCH/EPDCCH with uplink DCI format 0/4 and/or a PHICH transmission in subframe n intended for the UE, perform a corresponding PUSCH transmission in subframe n+k if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8] and if the MSB of the UL index in the PDCCH/EPDCCH with uplink DCI format 0/4 is set to 1 or PHICH is received in subframe n=0 or 5 in the resource corresponding to [image: ], as defined in Subclause 9.1.2, or PHICH is received in subframe n=1 or 6 corresponding to PUSCH transmission in subframe n-5 for UE configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell. If, for TDD UL/DL configuration 0 and normal HARQ operation, the LSB of the UL index in the DCI format 0/4 is set to 1 in subframe n or a PHICH is received in subframe n=0 or 5 in the resource corresponding to [image: ], as defined in Subclause 9.1.2, or PHICH is received in subframe n=1 or 6 corresponding to PUSCH transmission in subframe n-4, the UE shall perform a corresponding PUSCH transmission in subframe n+ kp if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8]. If, for TDD UL/DL configuration 0, both the MSB and LSB of the UL index in the PDCCH/EPDCCH with uplink DCI format 0/4 are set in subframe n, the UE shall perform a corresponding PUSCH transmission in both subframes n+ k and n+ kp if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8], with k given in
-	Table 8-2g if the UE is configured with higher layer parameter symPUSCH-UpPts-r14 and the UE is either not configured with higher layer parameter shortProcessingTime for the serving cell or is configured with higher layer parameter shortProcessingTime for the serving cell and the corresponding PDCCH is in the common search space,
-	Table 8-2i if the UE is not configured with higher layer parameter symPUSCH-UpPts-r14 and the UE is configured with higher layer parameter shortProcessingTime for the serving cell and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space, 
-	Table 8-2j if the UE is configured with higher layer parameters symPUSCH-UpPts-r14 and shortProcessingTime for the serving cell and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space, 
-	Table 8-2 otherwise.
[image: ] if the UE is configured with higher layer parameters symPUSCH-UpPts-r14 and shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space, or if n=1 or 6 and the UE is not configured with higher layer parameter symPUSCH-UpPts-r14 but is configured with shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space, [image: ]otherwise. 
In case the UE is configured with higher layer parameter shortProcessingTime for the serving cell and both the MSB and LSB of the UL index in the PDCCH with uplink DCI format 0/4 with the UE's C-RNTI in the UE-specific search space are set to 1, the HARQ process number of the PUSCH in subframe n+k is [image: ] and the HARQ process number of the PUSCH in subframe n+kp is [image: ], where [image: ] is determined according to the HARQ process number field in the corresponding DCI format and MUL_HARQ is the number of asynchronous UL HARQ processes per cell for transmission mode 1 and half the number of asynchronous UL HARQ processes per cell for transmission mode 2.
-	For TDD UL/DL configuration 0 and normal HARQ operation the UE shall upon detection of a PDCCH/SPDCCH with uplink DCI format 7-0A/7-0B in slot n intended for the UE, perform a corresponding PUSCH transmission in slot n+k if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8], with k given in
-	Table 8-2m for special subframe configuration 1, 2, 3, 4, 6, 7, 8, and in Table 8-2n for special subframe configuration 0, 5, 9
-	If only the MSB of the UL index in the PDCCH/SPDCCH with uplink DCI format 7-0A/7-0B is set in slot n, the UE shall perform a corresponding PUSCH transmission in slot n+ k
-	If only the LSB of the UL index in the PDCCH/SPDCCH with uplink DCI format 7-0A/7-0B is set in slot n, the UE shall perform a corresponding PUSCH transmission in slot n+ k+1
-	If both the MSB and LSB of the UL index in the PDCCH/SPDCCH with uplink DCI format 7-0A/7-0B are set in slot n, the UE shall perform a corresponding PUSCH transmission in both slot n+ k and n+ k+1, where the HARQ process number of the PUSCH in slot n+k is [image: ] and the HARQ process number of the PUSCH in n+k+1 is [image: ] with [image: ] from the HARQ process number field in the corresponding DCI format.
-	The UE is not expected to receive LSB of the UL index in PDCCH/SPDCCH with uplink DCI format set to 1 in slot n=0, 1, 10 and 11 for special subframe configuration 1, 2, 3, 4, 6, 7, 8
-	Table 8-2p if the UE is configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell
-	If UL index in the PDCCH/SPDCCH with uplink DCI format 7-0A/7-0B in slot n=2 or n=12 is set to
-	'10', the UE shall perform a corresponding PUSCH transmission in slot n+k 
-	'01', the UE shall perform a corresponding PUSCH transmission in slot n+ k+1
-	'11', the UE shall perform a corresponding PUSCH transmission in slot n+ k+5
-	'00', the UE shall perform a corresponding PUSCH transmission in slot n+ k, n+k+1, and n+k+5, where the HARQ process number of the PUSCH in slot n+k is [image: ], the HARQ process number of the PUSCH in n+k+1 is [image: ], and the HARQ process number of the PUSCH in n+k+5 is [image: ] with [image: ] from the HARQ process number field in the corresponding DCI format.
-	If UL index in the PDCCH/SPDCCH with uplink DCI format 7-0A/7-0B in slot n=0, 1, 10 or 11 is set to
-	'10', the UE shall perform a corresponding PUSCH transmission in slot n+ k
-	'01', the UE shall perform a corresponding PUSCH transmission in slot n+ k+1



-	'11', the UE shall perform a corresponding PUSCH transmission in slot n+ k and n+k+1, where the HARQ process number of the PUSCH in slot n+k is  and the HARQ process number of the PUSCH in n+k+1 is with  from the HARQ process number field in the corresponding DCI format.
-	For TDD UL/DL configurations 1-5 and normal HARQ operation and UE configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell, the UE shall upon detection of a PDCCH/EPDCCH/SPDCCH with uplink DCI format in subframe/slot n intended for the UE, and/or a PHICH transmission intended for the UE in subframe n+l with l given in Table 8-2h, perform a corresponding PUSCH transmission in subframe/slot n+k, with k given in Table 8-2j if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI has DCI Format 0/4 and is in the UE-specific search space, Table 8-2p if the corresponding PDCCH/SPDCCH has DCI format 7-0A/7-0B, in Table 8-2g otherwise, according to the PDCCH/EPDCCH and/or PHICH information if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8].

-	For TDD UL/DL configuration 6 and normal HARQ operation and UE configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell, the UE shall upon detection of a PDCCH/EPDCCH with uplink DCI format 0/4 and/or a PHICH transmission in subframe n intended for the UE, perform a corresponding PUSCH transmission in subframe n+k if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8] and if the MSB of the UL index in the PDCCH/EPDCCH with uplink DCI format 0/4 is set to 1 or PHICH is received in subframe n=1 or 6 or 9, or PHICH is received in subframe n=0 corresponding to PUSCH transmission in subframe n-6, or PHICH is received in subframe n=5 corresponding to PUSCH transmission in subframe n-7, with k given in Table 8-2j if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI has DCI format 0/4 and is in the UE-specific search space, in Table 8-2g otherwise. If, for TDD UL/DL configuration 6 and normal HARQ operation, the LSB of the UL index in the DCI format 0/4 is set to 1 in subframe n, or PHICH is received in subframe n=0 or 5 corresponding to PUSCH transmission in subframe n-4, the UE shall perform a corresponding PUSCH transmission in subframe n+ kp if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8]. If, for TDD UL/DL configuration 6, both the MSB and LSB of the UL index in the PDCCH/EPDCCH with uplink DCI format 0/4 are set in subframe n, the UE shall perform a corresponding PUSCH transmission in both subframes n+ k and n+ kp if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8], with k given in Table 8-2j if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI has DCI format 0/4 and is in the UE-specific search space, in Table 8-2g otherwise. In case the UE is configured with higher layer parameter shortProcessingTime for the serving cell and both the MSB and LSB of the UL index in the PDCCH with CRC scrambled by C-RNTI has DCI format 0/4 in the UE-specific search space are set to 1, the HARQ process number of the PUSCH in subframe n+k is [image: ] and the HARQ process number of the PUSCH in subframe n+kp is [image: ], where [image: ] is determined according to the HARQ process number field in the corresponding DCI format and MUL_HARQ is the number of asynchronous UL HARQ processes per cell for transmission mode 1 and half the number of asynchronous UL HARQ processes per cell for transmission mode 2. Note that is given as, 


-	 if  or 9 and the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space, 

-	 if n=1, 5, or 6 and the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space,

-	otherwise. 
The UE is not expected to receive LSB of the UL index in PDCCH/EPDCCH with uplink DCI format 0/4 set to 1 in subframe n=9 unless the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI has DCI format 0/4 in the UE-specific search space.
-	For TDD UL/DL configuration 6 and normal HARQ operation and the UE is configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell, the UE shall upon detection of a PDCCH/SPDCCH with uplink DCI format 7-0A/7-0B in slot n intended for the UE, perform a corresponding PUSCH transmission in slot n+k if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8], with k given in Table 8-2p
-	If UL index in the PDCCH/SPDCCH with uplink DCI format 7-0A/7-0B in slot n=2 is set to
-	'10', the UE shall perform a corresponding PUSCH transmission in slot n+k
-	'01', the UE shall perform a corresponding PUSCH transmission in slot n+ k+1
-	'11', the UE shall perform a corresponding PUSCH transmission in slot n+ k+5
-	'00', the UE shall perform a corresponding PUSCH transmission in slot n+ k, n+k+1, and n+k+5, where the HARQ process number of the PUSCH in slot n+k is [image: ], the HARQ process number of the PUSCH in n+k+1 is [image: ], and the HARQ process number of the PUSCH in n+k+5 is [image: ] with [image: ] from the HARQ process number field in the corresponding DCI format.
-	If UL index in the PDCCH/SPDCCH with uplink DCI format 7-0A/7-0B in slot n=0, 1, 10, 11, 12, 19 is set to
-	'10', the UE shall perform a corresponding PUSCH transmission in slot n+ k
-	'01', the UE shall perform a corresponding PUSCH transmission in slot n+ k+1



-	'11', the UE shall perform a corresponding PUSCH transmission in slot n+ k and n+k+1, where the HARQ process number of the PUSCH in slot n+k is  and the HARQ process number of the PUSCH in n+k+1 is  with  from the HARQ process number field in the corresponding DCI format.
For TDD, if a UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two configured serving cells is not the same or if the UE is configured with EIMTA-MainConfigServCell-r12 for at least one serving cell, or FDD-TDD, 
-	For a serving cell with an UL-reference UL/DL configurations belonging to {1,2,3,4,5,6} and normal HARQ operation and UE not configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell, the UE shall upon detection of a PDCCH/EPDCCH with uplink DCI format 0/4 and/or a PHICH transmission in subframe n intended for the UE, perform a corresponding PUSCH transmission in subframe n+k for the serving cell according to the PDCCH/EPDCCH and/or PHICH information if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8], with k given in Table 8-2i if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI has DCI format 0/4 in the UE-specific search space, in Table 8-2 otherwise, where the "TDD UL/DL Configuration" given in Table 8-2 refers to the UL-reference UL/DL configuration.
-	For a serving cell with UL-reference UL/DL configuration 0 and normal HARQ operation the UE shall upon detection of a PDCCH/EPDCCH with uplink DCI format 0/4 and/or a PHICH transmission in subframe n intended for the UE, perform a corresponding PUSCH transmission in subframe n+k for the serving cell if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8] and if the MSB of the UL index in the PDCCH/EPDCCH with uplink DCI format 0/4 is set to 1 or PHICH is received in subframe n=0 or 5 in the resource corresponding to [image: ], as defined in Subclause 9.1.2, or PHICH is received in subframe n=1 or 6 corresponding to PUSCH transmission in subframe n-5 for UE configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell. If, for a serving cell with UL-reference UL/DL configuration 0 and normal HARQ operation, the LSB of the UL index in the DCI format 0/4 is set to 1 in subframe n or a PHICH is received in subframe n=0 or 5 in the resource corresponding to [image: ], as defined in Subclause 9.1.2, or PHICH is received in subframe n=1 or 6 corresponding to PUSCH transmission in subframe n-4, the UE shall perform a corresponding PUSCH transmission in subframe n+ kp for the serving cell if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8]. If, for a serving cell with UL-reference UL/DL configuration 0, both the MSB and LSB of the UL index in the PDCCH/EPDCCH with uplink DCI format 0/4 are set in subframe n, the UE shall perform a corresponding PUSCH transmission in both subframes n+ k and n+ kp for the serving cell if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8]. In case the UE is configured with higher layer parameter shortProcessingTime for the serving cell and both the MSB and LSB of the UL index in the PDCCH with uplink DCI format 0/4 with the UE's C-RNTI in the UE-specific search space are set to 1, the HARQ process number of the PUSCH in subframe n+k is [image: ] and the HARQ process number of the PUSCH in subframe n+kp is [image: ], where [image: ] is determined according to the HARQ process number field in the corresponding DCI format and MUL_HARQ is the number of asynchronous UL HARQ processes per cell for transmission mode 1 and half the number of asynchronous UL HARQ processes per cell for transmission mode 2. Note that k is given in 
-	Table 8-2gif the UE is configured with higher layer parameter symPUSCH-UpPts-r14 and the UE is either not configured with higher layer parameter shortProcessingTime for the serving cell or is configured with higher layer parameter shortProcessingTime for the serving cell and the corresponding PDCCH with CRC scrambled by C-RNTI is in the common search space,
-	Table 8-2i if the UE is not configured with higher layer parameter symPUSCH-UpPts-r14 and the UE is configured with higher layer parameter shortProcessingTime for the serving cell and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space,
-	Table 8-2j if the UE is configured with higher layer parameters symPUSCH-UpPts-r14 and shortProcessingTime for the serving cell and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space, 
-	Table 8-2 otherwise,

where the "TDD UL/DL Configuration" given in Table 8-2, Table 8-2g, Table 8-2i, Table 8-2j refers to the UL-reference UL/DL configuration. Note that[image: ] if the UE is configured with higher layer parameters symPUSCH-UpPts-r14 and shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space, or if n =1 or 6 and the UE is not configured with higher layer parameter symPUSCH-UpPts-r14 but is configured with shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space, otherwise.
-	For a serving cell with an UL-reference UL/DL configurations belonging to {1,2,3,4,5} and normal HARQ operation and UE configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell, the UE shall upon detection of a PDCCH/EPDCCH with uplink DCI format 0/4 in subframe n intended for the UE, and/or a PHICH transmission intended for the UE in subframe n+l with l given in Table 8-2h, perform a corresponding PUSCH transmission in subframe n+k for the serving cell according to the PDCCH/EPDCCH and/or PHICH information if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8], with k given in Table 8-2j if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI has DCI format 0/4 in the UE-specific search space, in Table 8-2g otherwise, where the "TDD UL/DL Configuration" given in Table 8-2g, Table 8-2h and Table 8-2j refers to the UL-reference UL/DL configuration.
-	For a serving cell with UL-reference UL/DL configuration configuration 6 and normal HARQ operation and UE configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell, the UE shall upon detection of a PDCCH/EPDCCH with uplink DCI format 0/4 and/or a PHICH transmission in subframe n intended for the UE, perform a corresponding PUSCH transmission in subframe n+k if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8] and if the MSB of the UL index in the PDCCH/EPDCCH with uplink DCI format 0/4 is set to 1 or PHICH is received in subframe n=1 or 6 or 9, or PHICH is received in subframe n=0 corresponding to PUSCH transmission in subframe n-6, or PHICH is received in subframe n=5 corresponding to PUSCH transmission in subframe n-7, with k given in Table 8-2j if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI has DCI format 0/4 in the UE-specific search space, in Table 8-2g otherwise. If, for a serving cell with UL-reference UL/DL configuration 6 and normal HARQ operation, the LSB of the UL index in the DCI format 0/4 is set to 1 in subframe n, or PHICH is received in subframe n=0 or 5 corresponding to PUSCH transmission in subframe n-4, the UE shall perform a corresponding PUSCH transmission in subframe n+ kp if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8]. If, for a serving cell with UL-reference UL/DL configuration 6, both the MSB and LSB of the UL index in the PDCCH/EPDCCH with uplink DCI format 0/4 are set in subframe n, the UE shall perform a corresponding PUSCH transmission in both subframes n+ k and n+ kp if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8], with k given in Table 8-2j if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI has DCI format 0/4 in the UE-specific search space, in Table 8-2g otherwise, where the "TDD UL/DL Configuration" given in Table 8-2g and Table 8-2j refers to the UL-reference UL/DL configuration. In case the UE is configured with higher layer parameter shortProcessingTime for the serving cell and both the MSB and LSB of the UL index in the PDCCH with uplink DCI format 0/4 with the UE's C-RNTI in the UE-specific search space are set to 1, the HARQ process number of the PUSCH in subframe n+k is [image: ] and the HARQ process number of the PUSCH in subframe n+kp is [image: ], where [image: ] is determined according to the HARQ process number field in the corresponding DCI format and MUL_HARQ is the number of asynchronous UL HARQ processes per cell for transmission mode 1 and half the number of asynchronous UL HARQ processes per cell for transmission mode 2. Note that kp is given as, 

-	 if n = 0 or 9 and the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space, 

-	 if n=1, 5, or 6 and the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space,

-	otherwise.
The UE is not expected to receive LSB of the UL index in PDCCH/EPDCCH with uplink DCI format set to 1 in subframe n=9 unless the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space. 
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