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1 Introduction

During the SI on Short TTI and reduced processing the following was agreed and included in the TR [1]. 

For PUSCH transmission in sTTI (sPUSCH for short TTI), a UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH.

At RAN1#87 the following agreement was made, among others.
· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or short TTI unicast PDSCH

In this contribution, we discuss remaining issues due to switching between 1ms TTI operation and short TTI operation. When switching from 1ms TTI to sTTI, collisions between expected UL transmission on sTTI and expected UL transmission on 1ms TTI can occur. Handling of most of the collision cases has been settled already with agreements made in RAN1#89, RAN1#90 and RAN1#90bis. Some remaining aspects are discussed below. In addition, we discuss HARQ process handling and soft buffer.
The document is a revision of R1-1717160.

2 Discussion
2.1 Handling of 1ms TTI /sTTI collisions in UL
At previous RAN1 meetings, in case of collision between sPUSCH and PUSCH/PUCCH, and collision between sPUCCH and PUCCH, it has been agreed to drop 1ms uplink transmission and prioritize sTTI transmissions. For the case of collision between sPUCCH and PUSCH, however, no agreement has been made. Basically, there are two alternative solutions for this type of collision:

· Alternative 1 is to follow the general principle like other collision cases, that is to prioritize the delay-sensitive service and transmitting sPUCCH while dropping PUSCH transmission. In case of PUSCH carrying control information, HARQ-ACK is piggybacked on sPUCCH while the other UCI is dropped.    

· Alternative 2 is to drop sPUCCH and transmit PUSCH to make the resource usage more efficient. If sHARQ-ACK is contained in sPUCCH, then it should be carried by PUSCH after dropping sPUCCH. In this case, one may need to consider defining a new rule on how to map sHARQ-ACK on PUSCH considering HARQ-ACK of PDSCH may be carried by PUSCH. In addition, if sPUCCH carries only sSR, special handling may be needed if dropping sPUCCH.       

Considering the time constraint to finish this WI, alternative 1 is preferred due to its simplicity and alignment with other collision case handling.
Proposal 1 In case of PUSCH and sPUCCH collision, the UE should attempt to drop/stop as soon as possible (up to UE implementation) whole/remaining transmission of PUSCH and transmit sPUCCH. In the case PDSCH HARQ-ACK carried on PUSCH, piggyback it on sPUCCH. 
In case of a PUCCH/sPUCCH collision, PUCCH may be carrying SR while sPUCCH may be carrying sHARQ-ACK. One aspect that has not yet been agreed in the current sPUCCH/PUCCH collision is how to handle SR carried by PUCCH. At previous RAN2 meetings, it has been agreed that:
	· SR transmission is chosen according to the SR mapping for the logical channel which triggered the BSR [FFS for retransmission BSR - either highest priority logical channel in buffer or all logical channel included in the BSR]
· The mapping for logical channel to SR is explicitly signalled.  The signalling is optional and if mapping not present the logical channel can be mapped to all SR configurations.  One or more SR configuration can be configured per logical channel.  


In case the logical channel which triggers the SR on PUCCH includes the sTTI of sPUCCH in the configured list of allowed TTI lengths, when dropping PUCCH at the physical layer due to the collision between PUCCH and sPUCCH in the same subframe, SR will be dropped. To avoid additional delay on handling SR in this case, when dropping PUCCH, it is proposed to remap the positive SR to sPUCCH if sPUCCH contains valid SR resource, otherwise, drop SR of PUCCH.
Proposal 2 In case of collision between PUCCH and sPUCCH in the same subframe on a given carrier for a UE, and in case the logical channel which triggers the SR on PUCCH includes the sTTI of the sPUCCH in the configured list of allowed TTI lengths, SR of PUCCH (if present) is transmitted on sPUCCH if sPUCCH contains valid SR resource, otherwise, SR of PUCCH is dropped. 
Another open issue of remapping 1 ms HARQ-ACK on sTTI channel when dropping 1ms TTI transmission due to collision is how to handle the potential ambiguity on the total number of HARQ bits from 1 ms and sTTI operation. Today, the number of HARQ bits for 1 ms are either determined based on a fixed codebook size or a dynamic codebook size. Using a fixed codebook size, the feedback for the configured carriers will be reported, in which case the reported number of HARQ bits are the same irrespective of the carriers being scheduled. Using a dynamic codebook size, on the other hand, the scheduled carriers is reported, in which case the determination of the HARQ bits is dependent on the UE detecting the carriers being scheduled. In this case, DAI functionality is used to limit the risk that the UE does not report the correct number of HARQ bits. 
In case fixed codebook size is used for 1 ms operation, and in case of collision where 1 ms HARQ is mapped to sTTI, there will be no ambiguity in the number of HARQ bits reported if the fixed codebook size of 1 ms is always included in sTTI.
Proposal 3 If fixed codebook size is configured for 1 ms operation, and 1 ms HARQ is transmitted on sTTI due to 1ms/sTTI collision, HARQ bits reflecting the fixed codebook size is always included in the sTTI transmission
In case dynamic codebook size is used for 1 ms, and in case of collision where 1 ms HARQ is mapped to sTTI, there could be ambiguity on the number of 1 ms HARQ bits reported in sTTI. However, the more 1 ms carriers that are scheduled, the higher the probability that DAI is detected in several carriers and that a correct bitmap can be constructed by the UE. In contrast, if a small number of carriers are configured the risk of not detecting 1 ms HARQ and hence not mapping it to sTTI is increased. But, in case of a small number of carriers configured, the network can instead configure fixed codebook size for the operation in which case any ambiguity is resolved. Hence, there is no strong motivation to enhance existing mechanisms to resolve any ambiguity between the UE and the network regarding the HARQ bits reported in case of TTI/sTTI collision.

Observation 1 There is no strong motivation to enhance existing DAI mechanisms to resolve any ambiguity between the UE and the network regarding the HARQ bits reported in case of TTI/sTTI collision.
2.2 HARQ process handling when switching from sTTI to 1ms TTI operation
At RAN1#90 sharing of asynchronous HARQ processes between sTTI and 1ms TTI was agreed as follows. 
Agreement:
Support HARQ process sharing between TTI and sTTI

· The sharing is only possible for asynchronous HARQ processes, i.e. not supported for legacy processing time synchrounous UL HARQ processes

· If configured with sTTI on a CC:

· the HARQ ID field size in the DL assignments of PDSCH on USS for legacy and reduced processing time is the same as for sPDSCH assignments 

· the HARQ ID field size in the UL grants on USS for reduced processing time is the same as for sPUSCH grants

· The re-transmission of a TB with another (s)TTI length is possible if:

· The number of codewords of the HARQ process is not larger than supported by the respective sTTI length

· The TB size of a codeword is not larger than X. X is FFS and may be sTTI length dependent.

· FFS other restrictions

The Text proposal in the Annex (section 5) can be used to capture this agreement in 36.213.

Proposal 4 Consider the Text proposal in the Annex to capture the HARQ process sharing agreement in 36.213 

When switching from 1ms TTI to short TTI, some scheduling restrictions are needed to make sure that the retransmission of a TB can be carried out properly on the shorter TTI length. The number of codewords has been agreed as one restriction. Since only single codeword transmission is supported for short TTI, HARQ process sharing between short TTI and 1ms TTI is only possible if the 1ms TTI transmission is a single codeword.  In addition, the TB size can be restricted to ensure that the processing of the TB can be done within the shorter timeline that comes with a shorter TTI length. One way to ensure this is to restrict the TBS of the initial transmission (that occurs on 1ms TTI) to the maximum TBS supported by the short TTI length.
Proposal 5 The re-transmission of a TB with another (s)TTI length is supported only if the TBS of the initial transmission is limited to the maximum TBS supported by the TTI length used after the TTI length switch
Short TTI operation can be configured in many different ways: 

· symmetric or asymmetric {DL,UL} sTTI lengths: {2,2}, {7,7} or {2,7})

· different minimum processing times (associated with a different maximum TA): n+4, n+6, n+8

· simultaneous spDSCH/PDSCH decoding for UE reporting this capability

For short TTI operation with a minimum timing of n+8 as agreed in RAN1#90bis, 16 HARQ processes would be needed. In addition, 16 HARQ processes are needed also for the shortest agreed processing time of n+4 in case of asymmetric sTTI length in DL and UL (i.e. {2,7} TTI length combination). In addition, 16 HARQ processes are needed also for {2,2} TTI length combination with n+4 timing for UEs capable of simultaneous sPDSCH and PDSCH decoding. This is discussed in detail in [3]. Consequently, for more simplicity and flexibility, it is proposed to align the number of HARQ processes for all possible short TTI configurations.

Proposal 6 16 HARQ processes are supported for short TTI 

2.3 Soft buffer considerations

A UE can be served alternately with sTTI and 1ms TTI on a subframe basis but a simultaneous transmission or reception of sTTI and 1ms TTI in the same subframe is not a scenario targeted for sTTI operation. Therefore, there is no need to increase the overall soft buffer requirements in 3GPP TS 36.306 as also has been agreed in RAN1#88bis. 
Consider that there is the same number of HARQ processes for sTTI and 1ms TTI and that these HARQ processes are shared for the 1ms TTI and sTTI operation. In this case, the soft buffer memory corresponding to a given HARQ process can remain the same, independently if the HARQ process was scheduled using a 1ms TTI or using a sTTI. When scheduled over a 1ms TTI, the HARQ process will certainly carry a larger TBS but the UE can dimension the soft buffer memory for a given HARQ process based on the expected TBS for the 1ms TTI. 
The number of soft channel bits nSB that shall be stored upon decoding failure of a code block is defined in 3GPP TS 36.213 section 7.1.8. For convenience, the equation is copied here. The definition of each parameter can be found in the mentioned specification.
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The right component of the min operation represents the number of soft bits in case of an equal repartition of the overall soft buffer memory of a UE (as given in 3GPP TS 36.306) over the DL HARQ processes, the MIMO layers and the serving cells. The number of DL HARQ processes is actually bounded by a constant 
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= 8. So, even in FS2 configuration with more than 8 HARQ processes, the soft channel bits are stored assuming a total soft buffer partitioning for at most 8 HARQ processes. 
The same principle could be applied for short TTI and 1ms TTI with 16 HARQ processes, thus requiring no change to the specified soft channel bits storage. 
Observation 2 Even with HARQ process sharing between 1ms TTI and sTTI, no change is required to the already specified soft channel bits storage 
3 Conclusion

In section 2 we made the following observations: 

Observation 1
There is no strong motivation to enhance existing DAI mechanisms to resolve any ambiguity between the UE and the network regarding the HARQ bits reported in case of TTI/sTTI collision.
Observation 2
Even with HARQ process sharing between 1ms TTI and sTTI, no change is required to the already specified soft channel bits storage


Based on the discussion in section 2 we propose the following: 
Proposal 1
In case of PUSCH and sPUCCH collision, the UE should attempt to drop/stop as soon as possible (up to UE implementation) whole/remaining transmission of PUSCH and transmit sPUCCH. In the case PDSCH HARQ-ACK carried on PUSCH, piggyback it on sPUCCH.
Proposal 2
In case of collision between PUCCH and sPUCCH in the same subframe on a given carrier for a UE, and in case the logical channel which triggers the SR on PUCCH includes the sTTI of the sPUCCH in the configured list of allowed TTI lengths, SR of PUCCH (if present) is transmitted on sPUCCH if sPUCCH contains valid SR resource, otherwise, SR of PUCCH is dropped.
Proposal 3
If fixed codebook size is configured for 1 ms operation, and 1 ms HARQ is transmitted on sTTI due to 1ms/sTTI collision, HARQ bits reflecting the fixed codebook size is always included in the sTTI transmission
Proposal 4
Consider the Text proposal in the Annex to capture the HARQ process sharing agreement in 36.213
Proposal 5
The re-transmission of a TB with another (s)TTI length is supported only if the TBS of the initial transmission is limited to the maximum TBS supported by the TTI length used after the TTI length switch
Proposal 6
16 HARQ processes are supported for short TTI


4 References

[1] RP-171468, Work Item on shortened TTI and processing time for LTE, Ericsson, RAN#76, June 2017
[2] R1-1708857, 3GPP TR 36.881 v14.0.0, Study on latency reduction techniques for LTE, Ericsson
[3] R1-1720990, Remaining details on maximum TA and processing time, Ericsson, RAN1#91
5 Text proposal to 36.213
The following is a proposal on how the following agreement made in RAN1#90 can be captured in 36.213.

Agreement:
Support HARQ process sharing between TTI and sTTI

· The sharing is only possible for asynchronous HARQ processes, i.e. not supported for legacy processing time synchrounous UL HARQ processes

· If configured with sTTI on a CC:

· the HARQ ID field size in the DL assignments of PDSCH on USS for legacy and reduced processing time is the same as for sPDSCH assignments 

· the HARQ ID field size in the UL grants on USS for reduced processing time is the same as for sPUSCH grants

· The re-transmission of a TB with another (s)TTI length is possible if:

· The number of codewords of the HARQ process is not larger than supported by the respective sTTI length

· The TB size of a codeword is not larger than X. X is FFS and may be sTTI length dependent.

· FFS other restrictions

	START of affected clauses


7
Physical downlink 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 unless stated otherwise

-
When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, and ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell or serving cells belonging to the MCG respectively unless stated otherwise. The terms ‘subframe’ and ‘subframes’ refer to subframe or subframes belonging to MCG.

-
When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’ and ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including the PSCell), serving cell, serving cells belonging to the SCG respectively unless stated otherwise. The term ‘primary cell’ in this clause refers to the PSCell of the SCG. The terms ‘subframe’ and ‘subframes’ refer to subframe or subframes belonging to SCG

If a UE is configured with a LAA Scell, the UE shall apply the procedures described in this clause assuming frame structure type 1 for the LAA Scell unless stated otherwise.

For FDD, 

-
if the UE supports ce-pdsch-tenProcesses and is configured with CEModeA and higher layer parameter ce-pdsch-tenProcesses-config set to ‘On’ there shall be a maximum of 10 downlink HARQ processes per serving cell; 

-
otherwise, there shall be a maximum of 8 downlink HARQ processes per serving cell. 

For FDD-TDD and primary cell frame structure type 1, there shall be a maximum of 8 downlink HARQ processes per serving cell.

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell,, if the 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, the maximum number of downlink HARQ processes per serving cell shall be determined by the UL/DL configuration (Table 4.2-2 of [3]), as indicated in Table 7-1. 

For TDD, if a UE is configured with more than one serving cell and if the TDD UL/DL configuration of at least two configured serving cells is not the same, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell, or for FDD-TDD and primary cell frame structure type 2 and serving cell frame structure type 2, the maximum number of downlink HARQ processes for a serving cell shall be determined as indicated in Table 7-1, wherein the "TDD UL/DL configuration" in Table 7-1 refers to the DL-reference UL/DL configuration for the serving cell (as defined in Subclause 10.2).

For FDD-TDD and primary cell frame structure type 2 and serving cell frame structure type 1, the maximum number of downlink HARQ processes for the serving cell shall be determined by the DL-reference UL/DL configuration for the serving cell (as defined in Subclause 10.2), as indicated in Table 7-2. 

A BL/CE UE configured with CEModeB is not expected to support more than 2 downlink HARQ processes. 

For TDD and a BL/CE configured with CEModeA, the maximum number of downlink HARQ processes for a serving cell shall be determined as indicated in Table 7-3.

The dedicated broadcast HARQ process defined in [8] is not counted as part of the maximum number of HARQ processes for FDD, TDD and FDD-TDD.

For a UE configured with higher layer parameter ShortTTI-Length, HARQ processes can be shared between PDSCH and subslot/slot PDSCH. A transport block associated with a HARQ process initially transmitted on PDSCH can be retransmitted on subslot/slot PDSCH (and vice-versa) if all following conditions are fulfilled:

· The corresponding HARQ process ID is indicated in the DCI associated with the retransmission,

· The number of codewords of the HARQ process is equal to 1,

· The TB size of a codeword is not larger than X. X is FFS and may be sTTI length dependent.

Table 7-1: Maximum number of DL HARQ processes for TDD

	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	4

	1
	7

	2
	10

	3
	9

	4
	12

	5
	15

	6
	6


Table 7-2: Maximum number of DL HARQ processes for FDD-TDD, primary cell frame structure type 2, and serving cell frame structure type 1
	DL-reference UL/DL

Configuration
	Maximum number of HARQ processes

	0
	10

	1
	11

	2
	12

	3
	15

	4
	16

	5
	16

	6
	12


Table 7-3: Maximum number of DL HARQ processes for TDD
(UE configured with CEModeA)

	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	6

	1
	9

	2
	12

	3
	11

	4
	14

	5
	16

	6
	8


	END of first affected clause


8.0
UE procedure for transmitting the physical uplink shared channel
The term “UL/DL configuration” in this Subclause refers to the higher layer parameter subframeAssignment unless specified otherwise.

For a serving cell that is not a LAA SCell, and for FDD and normal HARQ operation, the UE shall upon detection on a given serving cell of a PDCCH/EPDCCH with DCI format 0/4 and/or a PHICH transmission in subframe n intended for the UE, perform a corresponding PUSCH transmission in subframe n+4 according to the PDCCH/EPDCCH and PHICH information if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8]. 

For FDD-TDD and normal HARQ operation and a PUSCH for serving cell [image: image3.wmf]c

 with frame structure type 1, the UE shall upon detection of a PDCCH/EPDCCH with DCI format 0/4 and/or a PHICH transmission in subframe n intended for the UE, perform a corresponding PUSCH transmission for serving cell c in subframe n+4 according to the PDCCH/EPDCCH and PHICH information if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8].

For normal HARQ operation, if the UE detects a PHICH transmission and if the most recent PUSCH transmission for the same transport block was using spatial multiplexing according to Subclause 8.0.2 and the UE does not detect a PDCCH/EPDCCH with DCI format 4 in subframe n intended for the UE, the UE shall perform the corresponding PUSCH retransmission in the associated subframe according to the PHICH information, and using the number of transmission layers and precoding matrix according to the most recent PDCCH/EPDCCH, if the number of negatively acknowledged transport blocks is equal to the number of transport blocks indicated in the most recent PDCCH/EPDCCH associated with the corresponding PUSCH. 

For normal HARQ operation, if the UE detects a PHICH transmission and if the most recent PUSCH transmission for the same transport block was using spatial multiplexing according to Subclause 8.0.2 and the UE does not detect a PDCCH/EPDCCH with DCI format 4 in subframe n intended for the UE, and if the number of negatively acknowledged transport blocks is not equal to the number of transport blocks indicated in the most recent PDCCH/EPDCCH associated with the corresponding PUSCH then the UE shall perform the corresponding PUSCH retransmission in the associated subframe according to the PHICH information, using the precoding matrix with codebook index 0 and the number of transmission layers equal to number of layers corresponding to the negatively acknowledged transport block from the most recent PDCCH/EPDCCH. In this case, the UL DMRS resources are calculated according to the cyclic shift field for DMRS [3] in the most recent PDCCH/EPDCCH with DCI format 4 associated with the corresponding PUSCH transmission and number of layers corresponding to the negatively acknowledged transport block. 

If a UE is configured with the carrier indicator field for a given serving cell, the UE shall use the carrier indicator field value from the detected PDCCH/EPDCCH with uplink DCI format to determine the serving cell for the corresponding PUSCH transmission.

For FDD and normal HARQ operation, if a PDCCH/EPDCCH with CSI request field set to trigger an aperiodic CSI report, as described in Subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+4 UCI is mapped on the corresponding PUSCH transmission, when simultaneous PUSCH and PUCCH transmission is not configured for the UE. 

For FDD and a BL/CE UE configured with CEModeA, if an MPDCCH with CSI request field set to trigger an aperiodic CSI report, as described in Subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+4 UCI is mapped on the corresponding PUSCH transmission, including all subframe repetitions of the PUSCH transmission.

For FDD-TDD and normal HARQ operation, for a serving cell with frame structure type 1, if a PDCCH/EPDCCH with CSI request field set to trigger an aperiodic CSI report, as described in Subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+4 UCI is mapped on the corresponding PUSCH transmission, when simultaneous PUSCH and PUCCH transmission is not configured for the UE.

For TDD, if a UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell, if the 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, then for a given serving cell, the serving cell UL/DL configuration is the UL-reference UL/DL configuration.
For TDD, if a UE is configured with more than one serving cell and if the UL/DL configurations of at least two serving cells are different, if the serving cell is a primary cell or if the UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell, the serving cell UL/DL configuration is the UL-reference UL/DL configuration.
For TDD, if a UE is configured with more than one serving cell and if the UL/DL configurations of at least two serving cells are different and if the serving cell is a secondary cell and if the UE is configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell, then for the serving cell, the UL reference UL/DL configuration is given in Table 8-0A corresponding to the pair formed by (other serving cell UL/DL configuration, serving cell UL/DL configuration). 

For FDD-TDD and primary cell frame structure type 2, if a serving cell is a primary cell, the serving cell UL/DL configuration is the UL-reference UL/DL configuration for the serving cell.

For FDD-TDD if the UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling a secondary serving cell with frame structure type 2, the serving cell UL/DL configuration is the UL-reference UL/DL configuration for the serving cell.

For FDD-TDD, and for secondary serving cell c with frame structure type 2, if the UE is configured to monitor PDCCH/EPDCCH in another serving cell with frame structure type 1 for scheduling the serving cell, the serving cell UL/DL configuration is the UL-reference UL/DL configuration for the serving cell. 
For FDD-TDD, if a UE is configured with more than one serving cell with frame structure type 2, and if the serving cell is a secondary cell with frame structure type 2 and if the UE is configured to monitor PDCCH/EPDCCH in another serving cell with frame structure type 2 for scheduling the serving cell, then for the serving cell, the UL reference UL/DL configuration is given in Table 8-0A corresponding to the pair formed by (other serving cell UL/DL configuration, serving cell UL/DL configuration).

Table 8-0A: UL-reference UL/DL Configuration for serving cell based on the pair formed by (other serving cell UL/DL configuration, serving cell UL/DL configuration)
	Set #
	(other serving cell UL/DL configuration,

 serving cell UL/DL configuration)
	UL-reference UL/DL configuration

	Set 1
	(1,1),(1,2),(1,4),(1,5)
	1

	
	(2,2),(2,5)
	2

	
	(3,3),(3,4),(3,5)
	3

	
	(4,4),(4,5)
	4

	
	(5,5)
	5

	Set 2
	(1,0),(2,0),(3,0),(4,0),(5,0)
	0

	
	(2,1),(4,1),(5,1)
	1

	
	(5,2)
	2

	
	(4,3),(5,3)
	3

	
	(5,4)
	4

	
	(1,6),(2,6),(3,6),(4,6),(5,6)
	6

	Set 3
	(3,1)
	1

	
	(3,2),(4,2)
	2

	
	(1,3),(2,3)
	3

	
	(2,4)
	4

	Set 4
	(0,0),(6,0)
	0

	
	(0,1),(0,2),(0,4),(0,5),(6,1),(6,2),(6,5)
	1

	
	(0,3),(6,3)
	3

	
	(6,4)
	4

	
	(0,6),(6,6)
	6


If a UE is configured with the parameter EIMTA-MainConfigServCell-r12 for a serving cell, for a radio frame of the serving cell, PUSCH transmissions can occur only in subframes that are indicated by eIMTA-UL/DL-configuration as uplink subframe(s) for the serving cell unless specified otherwise.

For TDD and normal HARQ operation, if a PDCCH/EPDCCH with CSI request field set to trigger an aperiodic CSI report, as described in Subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+k UCI is mapped on the corresponding PUSCH transmission where k is given by Table 8-2, when simultaneous PUSCH and PUCCH transmission is not configured for the UE.

For TDD and a BL/CE UE configured with CEModeA, if an MPDCCH with CSI request field set to trigger an aperiodic CSI report, as described in Subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+k UCI is mapped on the corresponding PUSCH transmission, including all subframe repetitions of the PUSCH transmission, where k is given by Table 8-2.

For FDD-TDD normal HARQ operation, for a serving cell with frame structure type 2, if a PDCCH/EPDCCH with CSI request field set to trigger an aperiodic CSI report on the serving cell, as described in Subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+k UCI is mapped on the corresponding PUSCH transmission where k is given by Table 8-2 and the “TDD UL/DL configuration” refers to the UL-reference UL/DL configuration for the serving cell, when simultaneous PUSCH and PUCCH transmission is not configured for the UE.

When a UE is configured with higher layer parameter ttiBundling and configured with higher layer parameter e-HARQ-Pattern-r12 set to FALSE or not configured, for FDD and subframe bundling operation, the UE shall upon detection of a PDCCH/EPDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission in subframe n-5 intended for the UE, perform a corresponding first PUSCH transmission in the bundle in subframe n+4 according to the PDCCH/EPDCCH and PHICH information if a transport block corresponding to the HARQ process of the first PUSCH transmission is generated as described in [8]. 

When a UE is configured with higher layer parameter ttiBundling and configured with higher layer parameter e-HARQ-Pattern-r12 set to TRUE, for FDD and subframe bundling operation, the UE shall upon detection of a PDCCH/EPDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission in subframe n-1 intended for the UE, perform a corresponding first PUSCH transmission in the bundle in subframe n+4 according to the PDCCH/EPDCCH and PHICH information if a transport block corresponding to the HARQ process of the first PUSCH transmission is generated as described in [8].

For both FDD and TDD serving cells, the NDI as signalled on PDCCH/EPDCCH, the RV as determined in Subclause 8.6.1, and the TBS as determined in Subclause 8.6.2, shall be delivered to higher layers.

For a non-BL/CE UE, for TDD and transmission mode 1, the number of 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 TDD and transmission mode 2, the number of 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]) 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 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 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.
For a UE configured with higher layer parameter ShortTTI-Length and with higher layer parameter shortProcessingTime, HARQ processes can be shared between PUSCH and subslot/slot PDSCH. A transport block associated with a HARQ process initially transmitted on PUSCH can be retransmitted on subslot/slot PUSCH (and vice-versa) if all following conditions are fulfilled:

· The DCI of the initial transmission was detected on USS,

· The corresponding HARQ process ID is indicated in the DCI associated with the retransmission,

· The number of codewords of the HARQ process is equal to 1,

· The TB size of a codeword is not larger than X. X is FFS and may be sTTI length dependent.

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


	END 



5/10


_1488823381.unknown

_1488823385.unknown

