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Introduction
In this contribution, we discuss the UE behaviour for including 1ms HARQ bits in a UL slot/subslot transmission and provide a text proposal to 36.212 and 36.213 in section 4.
This is a revision of R1-1802963.

[bookmark: _Ref178064866]Discussion
The 1ms HARQ bits inclusion in a slot/subslot transmission requires careful thinking since collisions between different UL channels carrying HARQ-ACK may happen, such as:
· Collision between slot/subslot PUSCH and slot/subslot SPUCCH
· Collision between subframe PUSCH/PUCCH and slot/subslot PUSCH 
· Collision between subframe PUSCH/PUCCH and slot/subslot SPUCCH

In addition, the 1ms HARQ bits inclusion in a slot/subslot transmission depends on if fixed codebook size is configured for 1ms TTI.
Collision between slot/subslot PUSCH and slot/subslot SPUCCH
For the collision between slot/subslot PUSCH and SPUCCH, the following agreements was made within the short TTI WI. It means that in case of slot/subslot PUSCH and slot/subslot SPUCCH collision and if the UE is not able to simultaneously transmit PUSCH and PUCCH, 
1. the UCI is prepared for SPUCCH following the procedure for fixed codebook size or dynamic codebook size depending on the configuration for 1ms TTI and for sTTI. 
2. The UCI is then mapped on slot/subslot PUSCH 
3. The UCI is transmitted as part of slot/subslot PUSCH.

Agreement A1:
· In case of collision between sPUSCH and sPUCCH in the same sTTI on a given carrier for a UE
· The UE transmits both sPUSCH and sPUCCH if the UE is indicating the capability of and is configured with simultaneous transmission of sPUSCH and sPUCCH
· Otherwise, the UE transmits only sPUSCH including UCI of sPUCCH

The agreement A1 is captured in 36.213 section 10.1 copied below for convenience.
	<36.213, Section 10.1>

If a non-BL/CE UE is configured for a single serving cell and is not configured for simultaneous PUSCH and PUCCH transmissions, then in subframe/slot/subslot [image: cid:image005.png@01D395C2.598886B0] uplink control information (UCI) shall be transmitted
-     on PUCCH using format 1/1a/1b/3 or 2/2a/2b if the UE is not transmitting PUSCH
-     on PUCCH using format 4 if the UE is not transmitting PUSCH and the UE is configured with higher-layer parameter 'ul-TTI-Length'
-     on PUSCH if the UE is transmitting PUSCH in subframe/slot/subslot [image: cid:image005.png@01D395C2.598886B0] unless the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure, in which case UCI is not transmitted





Collision between slot/subslot UL Tx and subframe UL Tx

Collision between a 1ms UL transmission and subslot/slot UL transmission may happen in UL. Several agreements were made to cover the collision of each possible channel types. The basic principle behind these agreements is that slot/subslot UL transmissions are prioritized over 1ms UL transmissions. The slot/subslot UL transmissions are carried out and the 1ms UL transmissions are dropped. The HARQ-ACK of 1ms TTI should be carried by the UL sTTI.
A 1ms TTI UL transmission can collide with multiple slot/subslot UL transmissions in a subframe. For instance, PUCCH may collide with 2 subslot PUSCH transmissions followed by 4 subslot SPUCCH transmissions in the same subframe. In that case, which of the UL sTTI should carry 1ms HARQ-ACK?
For the collision between 1ms TTI and subslot/slot transmissions in UL, the following agreement was made within the short TTI WI. It means that only the first UL sTTI carries 1ms HARQ-ACK in the subframe where a collision occurs with a 1ms UL TTI. This is to avoid any negative impact on performance of UL sTTI by carrying larger HARQ payload.

Agreement A2:
In case of collision of 1ms TTI and multiple sTTIs of potentially different channel types within the same subframe on the same carrier (e.g., primary cell of a PUCCH group), and if sTTI is carrying 1 ms HARQ-ACK, HARQ-ACK of 1ms TTI is carried on the first sTTI of those colliding sTTIs

This agreement is captured at the places in 36.213, where collision between 1ms UL TTI and subslot/slot UL transmissions and the related dropping rules are mentioned. However, some amendments may be needed as discussed later.
A2 was completed by several agreements in case fixed codebook size is configured for 1ms TTI.
Dynamic codebook size for 1ms TTI and SPUCCH/slot/subslot-PUSCH transmission
With A2, if dynamic codebook size is configured for 1ms TTI, the HARQ codebook is as follows.

	Case
	Configuration for 1ms TTI
	Instance of the sTTI within the subframe
	Carries 1ms HARQ-ACK feedback due to collision with 1ms TTI?

	Case 1
	Dynamic codebook for 1ms TTI
	sPUCCH/sPUSCH is transmitted in the first collision occurrence among collided short TTI channels in the subframe
	Yes

	Case 2
	Dynamic codebook for 1ms TTI
	sPUCCH/sPUSCH is transmitted not in the first collision occurrence among collided short TTI channels in the subframe
	No


Fixed codebook size for 1ms TTI and SPUCCH transmission
In case of fixed HARQ codebook configured for 1ms TTI, the number of HARQ bits expected for 1ms TTI is fixed and known to the eNB and UE. If the HARQ bits are transmitted on SPUCCH and the overall HARQ payload does not exceed 22 bits, there is no performance difference between always including the 1ms TTI HARQ bits and only including them when 1ms TTI was scheduled. When the 1ms TTI HARQ bits are always included, the eNB knows that the state of those HARQ bits when 1ms TTI has not been scheduled is Nack. With a Reed-Muller code the decoding performance for a payload of x bits with n bits known and x-n bits unknown is the same as for a payload of x-n bits unknown.
To avoid any ambiguity on the payload size in case of SPUCCH transmission, the following agreement was made where the HARQ codebook determination is independent of whether or not there is a collision with a 1 ms UL transmission.
Agreement A3: 
In case sPUCCH is transmitted (regardless of whether or not there is a collision with 1 ms), all HARQ-ACK bits for 1ms TTI from the configured carriers are always included in case fixed codebook size (including also single carrier case) is configured for 1ms TTI. This translates to the following behaviour:
· PDSCH assignment detected and sPDSCH assignment not detected 
·  DTX on sPUCCH + all HARQ-ACK bits for 1ms TTI on PUCCH
· PDSCH assignment detected and sPDSCH assignment detected 
·  include all HARQ-ACK bits for 1ms TTI + sHARQ-ACK bits on sPUCCH 
· PDSCH assignment not detected and sPDSCH assignment detected 
·  include all HARQ-ACK bits for 1ms TTI + sHARQ-ACK bits on sPUCCH
· PDSCH assignment not detected and sPDSCH assignment not detected 
·  DTX on sPUCCH and DTX on PUCCH

Agreement A3 means that 1ms HARQ bits are always included in a SPUCCH transmission if fixed codebook size is configured for 1ms TTI. This means that the agreement A2 is not followed in that case. 
Fixed codebook size for 1ms TTI and slot/subslot PUSCH transmission
By contrast to SPUCCH, HARQ-ACK is punctured in the slot/subslot PUSCH transmission. This inevitably will deteriorate the slot/subslot performance. In case of fixed HARQ codebook configured for 1ms TTI, the number of HARQ bits expected for 1ms TTI is fixed and does not depend on the scheduled PDSCH. A HARQ bit is included for each configured carrier even if PDSCH was not scheduled on a carrier. Puncturing slot/sublot PUSCH and degrading its performance for some HARQ bits that may not be needed because PDSCH was not scheduled is inefficient. 

For the HARQ codebook on slot/subslot PUSCH when fixed codebook size is configured for 1ms TTI, the following agreement was made within the short TTI WI. 
Agreement A4:
UE behaviour in case of sPUSCH transmission when simultaneous transmission of sPUCCH and sPUSCH is not configured and in case fixed codebook size is configured:
· PDSCH assignment detected and sPDSCH assignment not detected 
·  no sHARQ-ACK bits on sPUSCH + all HARQ-ACK bits for 1ms TTI on sPUSCH
· PDSCH assignment detected and sPDSCH assignement detected 
·  include all HARQ-ACK bits for 1ms TTI + sHARQ-ACK bits on sPUSCH 
· PDSCH assignment not detected and sPDSCH assignement detected 
·  include all HARQ-ACK bits for 1ms TTI + sHARQ-ACK bits on sPUSCH
· PDSCH assignment not detected and sPDSCH assignment not detected 
·  no HARQ bits on sPUSCH

Agreement A4 tries to summarize the UE behaviour in case of subslot/slot PUSCH transmission and fixed HARQ codebook size but it is incomplete and should be interpreted with the agreements A2 and A3 in mind. 

The first bullet of agreement A4 refers to the collision between PUCCH/PUSCH and subslot/slot PUSCH. It must then be combined with agreement A2 and only applies if this subslot/slot PUSCH transmission is the first sTTI colliding with 1ms TTI in the subframe. 
The second bullet of agreement A4 refers to the collision between PUCCH/PUSCH, SPUCCH and subslot/slot PUSCH. Agreement A1 says that the HARQ payload of SPUCCH is mapped on subslot/slot PUSCH and agreement A3 clarifies that the HARQ payload of SPUCCH contains all 1ms HARQ bits and sHARQ. Therefore, the situation described in the second bullet of A4 may occur even if sPUSCH is not the first sTTI colliding with PUCCH/PUSCH in the subframe.
The third bullet of agreement A4 refers to the collision between SPUCCH and subslot/slot PUSCH. Agreement A1 says that the HARQ payload of SPUCCH is mapped on subslot/slot PUSCH and agreement A3 clarifies that the HARQ payload of SPUCCH contains all 1ms HARQ bits and sHARQ. Therefore, the situation described in the second bullet of A4 may occur even if sPUSCH is not the first sTTI colliding with PUCCH/PUSCH in the subframe.

Suggested specification changes for SPUCCH
For SPUCCH the inclusion of 1ms HARQ bits can be summarized with the following table.
Table 1	Summary of the cases where 1ms HARQ bits are included in SPUCCH
	Case
	Configuration for 1ms TTI
	Instance of SPUCCH within the subframe where a collision with 1ms TTI occurs
	1ms HARQ-ACK feedback included in SPUCCH?

	Case 1
	Dynamic codebook for 1ms TTI
	sPUCCH is transmitted in the first collision occurrence among collided short TTI channels in the subframe
	Yes

	Case 2
	Dynamic codebook for 1ms TTI
	sPUCCH is transmitted not in the first collision occurrence among collided short TTI channels in the subframe
	No

	Case 3
	Fixed codebook for 1ms TTI
	sPUCCH is transmitted in the first collision occurrence among collided short TTI channels in the subframe
	yes

	Case 4
	Fixed codebook for 1ms TTI
	sPUCCH is transmitted not in the first collision occurrence among collided short TTI channels in the subframe
	yes




The HARQ codebook determination in case of a SPUCCH transmission is captured in 36.212. The current text should preferably be revised to capture that the 1ms HARQ bits are not always included in case of codebooksizeDetermination-r13 = dai. Also, the current text would benefit from providing a reference to the right procedure in case dynamic codebook size is configured for sTTI. The proposed changes are shown in section 4.1.

The handling of the collision of subframe PUSCH with SPUCCH is captured in 36.213 section 8.0. Since 1ms HARQ bits are not only included in the first instance of slot/subslot-based PUCCH/PUSCH in the subframe if fixed codebook size is configured for 1ms TTI, the following changes to 36.213 section 8.0 are proposed when it comes to SPUCCH.

	<36.213, section 8.0>
For a serving cell, and a UE configured with higher layer parameter ul-TTI-Length, the UE is not expected to transmit subframe-based PUSCH 
[…]
-	in case of a collision between the subframe-based PUSCH and slot/subslot-based PUCCH. The UE shall transmit the HARQ-ACK response corresponding to the subframe-based PUSCH using the slot/subslot-based PUCCH if it is the first transmitted occurrence of slot/subslot-based PUCCH/PUSCH in the subframe, except if a UE is configured with higher layer parameter codebooksizeDetermination-r13 = cc, in which case all occurrences of slot/subslot-based PUCCH in the subframe include the HARQ-ACK response associated with the subframe-based PUCCH as stated in 36.212 clause 5.2.3.1A.   The UE shall apply spatial HARQ-ACK bundling on the HARQ-ACK response
-	in case subslot-based PUCCH is used
-	in case slot-based PUCCH is used if the bundling is configured for the cell.
-	in case of a collision between the subframe-based PUSCH, subframe-based PUCCH, and slot/subslot-based PUSCH when simultaneous PUSCH and PUCCH transmission is configured for the UE. The UE shall transmit the HARQ-ACK response corresponding to the subframe-based PUSCH using the slot/subslot-based PUSCH.
-	in case of a collision between the subframe-based PUSCH and slot/subslot-based PUCCH/PUSCH in more than one slots/subslots of a subframe, the UE shall transmit the HARQ-ACK response associated with the subframe-based PUSCH using the first occurrence of the slot/subslot-based PUCCH/PUSCH in the subframe.




The handling of the collision of subframe PUCCH with SPUCCH is captured in 36.213 section 10.1. Since 1ms HARQ bits are not only included in the first instance of slot/subslot-based PUCCH/PUSCH in the subframe if fixed codebook size is configured for 1ms TTI, the following changes to 36.213 section 10.1 are proposed when it comes to SPUCCH.

	<36.213, section 10.1>
For a serving cell, and a UE configured with higher layer parameter ShortTTI-Length, in case of a collision between a subframe-based PUCCH and slot/subslot-based PUCCH in a subframe, the subframe-based PUCCH transmission is dropped. If the slot/subslot-based PUCCH contains valid SR resources, SR that was prepared as part of the subframe-based PUCCH transmission is transmitted on the slot/subslot-based PUCCH. The UE shall transmit the HARQ-ACK response associated with the subframe-based PUCCH using the slot/subslot-based PUCCH if it is the first transmitted occurrence of slot/subslot-based PUCCH/PUSCH in the subframe, except if a UE is configured with higher layer parameter codebooksizeDetermination-r13 = cc, in which case all occurrences of slot/subslot-based PUCCH in the subframe include the HARQ-ACK response associated with the subframe-based PUCCH. The UE shall apply spatial HARQ-ACK bundling on the HARQ-ACK response associated with the subframe-based PUCCH
-	in case subslot-based PUCCH is used
-	in case slot-based PUCCH is used if the bundling is configured for the cell.
[…]
For a UE configured with more than one serving cell and not capable of simultaneous transmission of different uplink signal durations to different serving cells as indicated by UE capability simultaneousTx-differentTx-duration, in case of a collision between 
-	a slot-based PUCCH of first serving cell and a subframe-based PUSCH/PUCCH/SRS/PRACH of second serving cell or 
-	a subslot-based PUCCH of first serving cell and a subframe/slot-based PUSCH/PUCCH/SRS/PRACH of second serving cell
the uplink transmission(s) of the second serving cell are dropped.
For a serving cell, and a UE configured with higher layer parameter ul-TTI-Length, in case of a collision between a subframe-based PUCCH and slot/subslot-based PUCCH/PUSCH transmissions in more than one slots/subslots of a subframe, the subframe-based PUCCH transmission is dropped, and the UE shall transmit the HARQ-ACK response associated with the subframe-based PUCCH using the first occurrence of the slot/subslot-based PUCCH/PUSCH transmissions in the subframe.





Suggested specification changes for slot/subslot PUSCH
For slot/subslot PUSCH the inclusion of 1ms HARQ bits can be summarized with the following table.
Table 1	Summary of the cases where 1ms HARQ bits are included in SPUCCH
	Case
	Configuration for 1ms TTI
	Instance of slot/subslot PUSCH within the subframe where a collision with 1ms TTI occurs
	1ms HARQ-ACK feedback included in SPUCCH?

	Case 1
	Dynamic codebook for 1ms TTI
	slot/subslot PUSCH is transmitted in the first collision occurrence among collided short TTI channels in the subframe
	Yes

	Case 2
	Dynamic codebook for 1ms TTI
	slot/subslot PUSCH is transmitted not in the first collision occurrence among collided short TTI channels in the subframe
	No

	Case 3
	Fixed codebook for 1ms TTI
	slot/subslot PUSCH is transmitted in the first collision occurrence among collided short TTI channels in the subframe
	yes

	Case 4
	Fixed codebook for 1ms TTI
	slot/subslot PUSCH is transmitted not in the first collision occurrence among collided short TTI channels in the subframe
	No, if there is no collision between this slot/subslot PUSCH and SPUCCH.
Yes, if there is a collision between this slot/subslot PUSCH and SPUCCH and the UE is not configured with simultaneous transmission of PUCCH and PUSCH.




As mentioned in section 2.1, the mapping of the UCI content of SPUCCH on slot/subslot PUSCH is already captured in 36.213. This together with the changes for SPUCCH suggested in section 2.4 partly cover case 4 in Table 2. 
To capture all the cases of Table 2, changes are required in 36.213 at the places where the collision of slot/subslot PUSCH with 1ms TTI is described. 
The handling of the collision of subframe PUSCH with slot/subslot PUSCH is captured in 36.213 section 8.0. Since 1ms HARQ bits are not only included in the first instance of slot/subslot-based PUCCH/PUSCH in the subframe if fixed codebook size is configured for 1ms TTI, the following changes to 36.213 section 8.0 are proposed when it comes to slot/subslot PUSCH.
	<36.213, section 8.0>
For a serving cell, and a UE configured with higher layer parameter ul-TTI-Length, the UE is not expected to transmit subframe-based PUSCH 
-	in a given subframe corresponding to PDCCH/EPDCCH with uplink DCI format other than 7-0A/7-0B or without a corresponding PDCCH/EPDCCH if the UE detects PDCCH/SPDCCH with uplink DCI format 7-0A/7-0B corresponding to a PUSCH transmission in the same subframe or if the UE transmits a slot/subslot-based PUSCH without a corresponding PDCCH/SPDCCH. The UE shall transmit the HARQ-ACK response corresponding to the subframe-based PUSCH using the slot/subslot-based PUSCH if it is the first transmitted occurrence of slot/subslot-based PUCCH/PUSCH in the subframe. If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = cc, a later occurrence of the slot/subslot-based PUSCH in the subframe carries the HARQ-ACK response corresponding to the subframe-based PUSCH in case of collision between slot/subslot PUSCH and SPUCCH as a consequence of the rule for UCI transmission on PUSCH stated in clause 10.1.  The UE shall apply spatial HARQ-ACK bundling on the HARQ-ACK response
-	in case subslot-based PUSCH is used
-	in case slot-based PUSCH is used if the bundling is configured for the cell.



The handling of the collision of subframe PUCCH with slot/subslot PUSCH is captured in 36.213 section 10.1. Since 1ms HARQ bits are not only included in the first instance of slot/subslot-based PUCCH/PUSCH in the subframe if fixed codebook size is configured for 1ms TTI, the following changes to 36.213 section 8.0 are proposed when it comes to slot/subslot PUSCH.
	<36.213, section 10.1>
For a serving cell, and a UE configured with higher layer parameter ShortTTI-Length, the UE is not expected to transmit subframe-based PUCCH in a given subframe if the UE detects PDCCH/SPDCCH with uplink DCI format 7-0A/7-0B corresponding to a PUSCH transmission in the same subframe. In this case, the UE shall transmit the HARQ-ACK response associated with the subframe-based PUCCH on PUSCH if it is the first transmitted occurrence of slot/subslot-based PUCCH/PUSCH in the subframe. If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = cc, a later occurrence of the slot/subslot-based PUSCH in the subframe carries the HARQ-ACK response corresponding to the subframe-based PUSCH in case of collision between slot/subslot PUSCH and SPUCCH as a consequence of the rule for UCI transmission on PUSCH stated in clause 10.1. The UE shall apply spatial HARQ-ACK bundling on the HARQ-ACK response associated with the subframe-based PUCCH
-	in case subslot-based PUSCH is used
-	in case slot-based PUSCH is used if the bundling is configured for the cell.





Conclusion
In section 2 it was discussed when HARQ feedback for 1ms TTI is included in UL slot/subslot transmissions. Corrections to 36.212 and to 36.213 were proposed to capture accurately when the 1ms HARQ bits are included in slot/subslot transmissions. The corrections are summarized as text proposals in section 4.
[bookmark: _Toc505003710][bookmark: _Toc505160562]Endorse the text proposals to 36.212 and 36.213 included in the Annex

Annex
Text proposal to 36.212 v15.0.1
	[bookmark: _GoBack]1st modified subclause (5.2.2.6)



For UEs configured by higher layers with dl-TTI-Length, if codebooksizeDeterminationSTTI-rel15 is configured as dai, the bit sequence  corresponding to PDSCH with slot/subslot duration is determined according to the Downlink Assignment Index (DAI) as in Table 5.3.3.1.2-2 and as defined in [3]; otherwise, the bit sequence  is determined as below.
For FDD with at least one cell configured with higher layer parameter dl-TTI-Length or for the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD and at least one DL cell configured with higher layer parameter dl-TTI-Length, define the bit sequence  corresponding to PDSCH with slot/subslot duration as the result of the concatenation of HARQ-ACK bits for one or multiple DL cells configured with higher layer parameter dl-TTI-Length,  as the number of cells configured with dl-TTI-Length for the UE and  as the number of slot(s) or subslot(s) for which the UE needs to feed back HARQ-ACK bits in UL slot or subslot n for the c-th serving cell. For a cell using FDD and configured with dl-TTI-Length=subslot and ul-TTI-Length=subslot, or for a cell using FDD and configured with dl-TTI-Length=slot and ul-TTI-Length=slot, . For a cell using FDD and configured with dl-TTI-Length=subslot and ul-TTI-Length=slot, . For a cell using TDD, if slot n-4 in the cell is in a DL subframe, or slot n-4 is the first slot in a special subframe with special subframe cofigurations 1/2/3/4/6/7/8/9/10 and normal downlink CP, or slot n-4 is the second slot in a special subframe with special subframe cofigurations 3/4/8 and normal downlink CP, and  otherwise. 
The bit sequence  is performed according to the following pseudo-code:
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell configured with dl-TTI-Length
Set j = 0 – HARQ-ACK bit index
while c < 
set l = 0;
while l < 
 HARQ-ACK bit of this cell
j = j + 1
l=l+1
end while
c = c + 1
end while
For FDD with at least one cell configured with higher layer parameter dl-TTI-Length or for the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD and at least one DL cell configured with higher layer parameter dl-TTI-Length, define the bit sequence  corresponding to PDSCH with subframe duration as the result of the concatenation of HARQ-ACK bits for one or multiple DL cells. The bit sequence is determined as below for bit sequence  and spatial bundling is performed if the HARQ-ACK is to be transmitted on subslot PUSCH or if the HARQ-ACK is to be transmitted on slot PUSCH and if spatial bundling is configured..
<Unchanged part omitted>




For FDD with at least one cell configured with higher layer parameter dl-TTI-Length or for the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD and at least one DL cell configured with higher layer parameter dl-TTI-Length, bit sequence is obtained by concatenation of the bit sequence  and , where  in the following cases:
· 
if there is a collision between the subframe-based PUSCH/PUCCH and slot/subslot-based PUSCH and the sequence of bits  is to be transmitted in the slot/subslot-based PUSCH that is the first transmitted occurrence of slot/subslot-based PUCCH/PUSCH in the subframe, or
· if a UE is configured with higher layer parameter codebooksizeDetermination-r13 = cc and there is a collision between slot/subslot-based PUCCH and slot/subslot-based PUSCH and the UE is not configured with simultaneous PUSCH and PUCCH transmission.


In all other cases, the sequence of bits  is given by .


	2nd modified subclause (5.2.3.1A)



The HARQ-ACK bits are received from higher layers for each subframe of each cell and for each slot or subslot of each cell if higher layer parameter dl-TTI-Length is configured for the cell. Each positive acknowledgement (ACK) is encoded as a binary '1' and each negative acknowledgement (NACK) is encoded as a binary '0'. For UEs configured with more than one DL cell and no more than five DL cells, or for UEs configured by higher layers with codebooksizeDeterminationSTTI-rel15 = cc, the HARQ-ACK feedback consists of the concatenation of HARQ-ACK bits for each of the serving cells. For UEs configured by higher layers with codebooksizeDeterminationSTTI-rel15 = dai, the HARQ-ACK feedback consists of the HARQ-ACK bits for the serving cells depending on the Downlink Assignment Index (DAI) as in Table 5.3.3.1.2-2 and as defined in [3]. For a cell configured with higher layer parameter dl-TTI-Length, 1 bit of HARQ-ACK information, , is used for that cell.
Define  as the number of HARQ-ACK feedback bits and as the number of HARQ-ACK feedback bits including the possible concurrent transmission of scheduling request when SPUCCH format 3 is used for transmission of HARQ-ACK feedback (section 10.1 in [3]), and as the number of HARQ-ACK feedback bits including the possible concurrent transmission of scheduling request when SPUCCH format 4 is used for transmission of HARQ-ACK feedback (section 10.1 in [3]).


For UEs configured by higher layers with codebooksizeDeterminationSTTI-rel15 = dai, the bit sequence  is determined according to the Downlink Assignment Index (DAI) as in Table 5.3.3.1.2-2 and as defined in [3]. Otherwise, the bit sequence  is determined as below.
For FDD with at least one cell configured with higher layer parameter dl-TTI-Length or for the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD and at least one DL cell configured with higher layer parameter dl-TTI-Length, define the bit sequence  corresponding to PDSCH with slot/subslot duration as the result of the concatenation of HARQ-ACK bits for one or multiple DL cells configured with higher layer parameter dl-TTI-Length,  as the number of cells configured with dl-TTI-Length for the UE and  as the number of slot(s) or subslot(s) for which the UE needs to feed back HARQ-ACK bits in UL slot or subslot n for the c-th serving cell. For a cell using FDD and configured with dl-TTI-Length=subslot and ul-TTI-Length=subslot, or for a cell using FDD and configured with dl-TTI-Length=slot and ul-TTI-Length=slot, . For a cell using FDD and configured with dl-TTI-Length=subslot and ul-TTI-Length=slot, . For a cell using TDD, if slot n-4 in the cell is in a DL subframe, or slot n-4 is the first slot in a special subframe with special subframe configurations 1/2/3/4/6/7/8/9/10 and normal downlink CP, or slot n-4 is the second slot in a special subframe with special subframe configurations 3/4/8 and normal downlink CP, and  otherwise. 
The bit sequence  is performed according to the following pseudo-code:
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell configured with dl-TTI-Length
Set j = 0 – HARQ-ACK bit index
while c < 
set l = 0;
while l < 
 HARQ-ACK bit of this cell
j = j + 1
l=l+1
end while
c = c + 1
end while
For FDD with at least one cell configured with higher layer parameter dl-TTI-Length or for the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD and at least one DL cell configured with higher layer parameter dl-TTI-Length, define the bit sequence  as the result of the concatenation of HARQ-ACK bits corresponding to PDSCH with subframe duration for one or multiple DL cells. The bit sequence is determined as for bit sequence in section 5.2.3.1 and spatial bundling is performed if the HARQ-ACK is to be transmitted on subslot SPUCCH or if the HARQ-ACK is to be transmitted on slot SPUCCH and if spatial bundling is configured. For FDD with at least one cell configured with higher layer parameter dl-TTI-Length or for the aggregation of more than one DL cell including a primary cell using FDD and at least one secondary cell using TDD and at least one DL cell configured with higher layer parameter dl-TTI-Length, the sequence of bits  is the result of the concatenation of HARQ-ACK bits for different cells and is obtained by concatenation of the bit sequence  and  in the following cases:
· if a UE is configured with higher layer parameter codebooksizeDetermination-r13 = cc, or
· 
if a UE is configured with higher layer parameter codebooksizeDetermination-r13 = dai and there is a collision between the subframe-based PUSCH/PUCCH and slot/subslot-based PUCCH and the sequence of bits  is to be transmitted in the slot/subslot-based PUCCH that is the first transmitted occurrence of slot/subslot-based PUCCH/PUSCH in the subframe.


In all other cases, the sequence of bits  is given by . 
. 
<Unchanged part omitted>


Text proposal to 36.213 v15.0.0
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<Unchanged part omitted>

For a serving cell, and a UE configured with higher layer parameter ul-TTI-Length, the UE is not expected to transmit subframe-based PUSCH 
-	in a given subframe corresponding to PDCCH/EPDCCH with uplink DCI format other than 7-0A/7-0B or without a corresponding PDCCH/EPDCCH if the UE detects PDCCH/SPDCCH with uplink DCI format 7-0A/7-0B corresponding to a PUSCH transmission in the same subframe or if the UE transmits a slot/subslot-based PUSCH without a corresponding PDCCH/SPDCCH. The UE shall transmit the HARQ-ACK response corresponding to the subframe-based PUSCH using the slot/subslot-based PUSCH if it is the first transmitted occurrence of slot/subslot-based PUCCH/PUSCH in the subframe. If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = cc, a later occurrence of the slot/subslot-based PUSCH in the subframe carries the HARQ-ACK response corresponding to the subframe-based PUSCH in case of collision between slot/subslot PUSCH and SPUCCH as a consequence of the rule for UCI transmission on PUSCH stated in clause 10.1. The UE shall apply spatial HARQ-ACK bundling on the HARQ-ACK response
-	in case subslot-based PUSCH is used
-	in case slot-based PUSCH is used if the bundling is configured for the cell.
-	in a given subframe corresponding to PDCCH/EPDCCH with uplink DCI format other than 7-0A/7-0B received in subframe n if the UE detects PDCCH/SPDCCH with uplink DCI format 7-0A/7-0B in any subframe from subframe n+1 to subframe n+WUL corresponding to a PUSCH transmission, and WUL is indicated by skipSubframeProcessing capability [12],
-	in case of a collision between the subframe-based PUSCH and slot/subslot-based PUCCH. The UE shall transmit the HARQ-ACK response corresponding to the subframe-based PUSCH using the slot/subslot-based PUCCH if it is the first transmitted occurrence of slot/subslot-based PUCCH/PUSCH in the subframe, except if a UE is configured with higher layer parameter codebooksizeDetermination-r13 = cc, in which case all occurrences of slot/subslot-based PUCCH in the subframe include the HARQ-ACK response associated with the subframe-based PUCCH as stated in 36.212 clause 5.2.3.1A. The UE shall apply spatial HARQ-ACK bundling on the HARQ-ACK response
-	in case subslot-based PUCCH is used
-	in case slot-based PUCCH is used if the bundling is configured for the cell.
-	in case of a collision between the subframe-based PUSCH, subframe-based PUCCH, and slot/subslot-based PUSCH when simultaneous PUSCH and PUCCH transmission is configured for the UE. The UE shall transmit the HARQ-ACK response corresponding to the subframe-based PUSCH using the slot/subslot-based PUSCH.
-	in case of a collision between the subframe-based PUSCH and slot/subslot-based PUCCH/PUSCH in more than one slots/subslots of a subframe, the UE shall transmit the HARQ-ACK response associated with the subframe-based PUSCH using the first occurrence of the slot/subslot-based PUCCH/PUSCH in the subframe.
<Unchanged part omitted>

	2nd modified subclause (10.1)



<Unchanged part omitted>

For a serving cell, and a UE configured with higher layer parameter ShortTTI-Length, in case of a collision between a subframe-based PUCCH and slot/subslot-based PUCCH in a subframe, the subframe-based PUCCH transmission is dropped. If the slot/subslot-based PUCCH contains valid SR resources, SR that was prepared as part of the subframe-based PUCCH transmission is transmitted on the slot/subslot-based PUCCH. The UE shall transmit the corresponding HARQ-ACK response associated with the subframe-based PUCCH using the slot/subslot-based PUCCH if it is the first transmitted occurrence of slot/subslot-based PUCCH/PUSCH in the subframe, except if a UE is configured with higher layer parameter codebooksizeDetermination-r13 = cc, in which case all occurrences of slot/subslot-based PUCCH in the subframe include the HARQ-ACK response associated with the subframe-based PUCCH. The UE shall apply spatial HARQ-ACK bundling on the HARQ-ACK response associated with the subframe-based PUCCH
-	in case subslot-based PUCCH is used
-	in case slot-based PUCCH is used if the bundling is configured for the cell.
For a serving cell, and a UE configured with higher layer parameter ShortTTI-Length, the UE is not expected to transmit subframe-based PUCCH in a given subframe if the UE detects PDCCH/SPDCCH with uplink DCI format 7-0A/7-0B corresponding to a slot/subslot-based PUSCH transmission in the same subframe. In this case, the UE shall transmit the HARQ-ACK response associated with the subframe-based PUCCH on slot/subslot-based PUSCH if it is the first transmitted occurrence of slot/subslot-based PUCCH/PUSCH in the subframe. If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = cc, a later occurrence of the slot/subslot-based PUSCH in the subframe carries the HARQ-ACK response corresponding to the subframe-based PUSCH in case of collision between slot/subslot PUSCH and SPUCCH as a consequence of the rule for UCI transmission on PUSCH stated in clause 10.1. The UE shall apply spatial HARQ-ACK bundling on the HARQ-ACK response associated with the subframe-based PUCCH
-	in case subslot-based PUSCH is used
-	in case slot-based PUSCH is used if the bundling is configured for the cell.
For a UE configured with more than one serving cell and not capable of simultaneous transmission of different uplink signal durations to different serving cells as indicated by UE capability simultaneousTx-differentTx-duration, in case of a collision between 
-	a slot-based PUCCH of first serving cell and a subframe-based PUSCH/PUCCH/SRS/PRACH of second serving cell or 
-	a subslot-based PUCCH of first serving cell and a subframe/slot-based PUSCH/PUCCH/SRS/PRACH of second serving cell
the uplink transmission(s) of the second serving cell are dropped.
For a serving cell, and a UE configured with higher layer parameter ul-TTI-Length, in case of a collision between a subframe-based PUCCH and slot/subslot-based PUCCH/PUSCH transmissions in more than one slots/subslots of a subframe, the subframe-based PUCCH transmission is dropped, and the UE shall transmit the HARQ-ACK response associated with the subframe-based PUCCH using the first occurrence of the slot/subslot-based PUCCH/PUSCH transmissions in the subframe.
<Unchanged part omitted>
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