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1 Introduction
In RAN1 #90bis meeting [1], it was agreed on the collision between sPUCCH and PUCCH that:
	Agreement: 

When HARQ-ACK for PDSCH is transmitted on sPUCCH due to collision between PUCCH and sPUCCH in the same subframe on a given carrier, joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH is supported.

- The feedback on sPUCCH consists of the concatenation of sHARQ-ACK (from one with the lowest cell index) prior to HARQ-ACK (from one with the lowest cell index).


In RAN1 #91 meeting [2], it was agreed on the collision between sPUCCH and PUCCH/PUSCH that: 
	Agreement:
In case of collision between PUCCH and sPUCCH in the same subframe on a given carrier for a UE, 

· The PUCCH is not transmitted (including the SR that was prepared to be transmitted as part of the PUCCH)

· If sPUCCH contains valid SR resources, SR that was prepared as part of the PUCCH transmission is transmitted on the sPUCCH

Agreement:
In case of collision between PUSCH and sPUCCH in the same subframe on a given carrier, the UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH and shall transmit sPUCCH, and the UE shall not resume the dropped/stopped transmission.
· HARQ-ACK of PUSCH is transmitted on sPUCCH

· Spatial bundling for HARQ-ACK of PUSCH before mapping onto 1-slot sPUCCH is supported when configured
· Spatial bundling for HARQ-ACK of PUSCH before mapping onto 2/3-OS sPUCCH is applied.

· Joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH is supported
· CSI of PUSCH is dropped


For 1ms HARQ-ACK piggyback on sPUCCH/sPUSCH, it was agreed that for dynamic codebook size [2]:
	Agreement: 

In case sPUSCH is transmitted and in case dynamic codebook size is configured for 1 ms TTI, the HARQ-ACK bits for 1ms TTI are determined based on 1 ms DAI in DCI.

Agreement:
In case sPUCCH is transmitted, the HARQ-ACK bits for 1ms TTI are determined based on 1 ms DAI in DCI in case dynamic codebook size is configured for 1ms TTI.


And for fixed codebook size:

	Agreement: 

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 assignement 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:
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


The current agreements capture the collision case between sPUCCH and PUSCH/PUCCH where sPUCCH carries HARQ-ACK. But they do not capture the collision case between sPUCCH and 1ms PUCCH/PUSCH where the sPUCCH is expected to carry sSR only, and the HARQ-ACK on 1ms PUCCH/PUSCH is large payload (>2 bits).
The current agreements capture that the HARQ-ACK bits for 1ms TTI are determined based on 1 ms DAI in DCI in case dynamic codebook size is configured for 1ms TTI, but they do not capture how the sDAI count to determine the total HARQ-ACK bits when dynamic codebook size is configured for both 1ms TTI and sTTI.
This contribution targets to clarify the above issues for collision handling and the corresponding text proposal are also provided. 
2 Agreements incorrectly captured
The handling for 1ms PUSCH/PUCCH and sPUSCH/sPUCCH collision cases, including how to drop or piggyback the original UCI content in PUSCH/PUCCH have been concluded in the last meeting. However, in the current specification, the collision cases are distributed in several sections in 36.213, and the UE behavior for how to piggyback HARQ-ACKs under various collision cases is not clearly described. We propose to re-organize the texts by collecting the HARQ-ACK piggyback related issues into Clause 7.3, merging the collision cases of sPUCCH/sPUSCH with PUSCH in Clause 8.0, and merging the collision cases of sPUCCH/sPUSCH with PUCCH in Clause 10.1. The proposed corrections are shown in [3].
Proposal 1: Re-organize the description for the collision cases and the handling of UCI contents in 36.213. The details are in the text proposal R1-1801876 [3].
3 Transmission of 1ms HARQ-ACK when colliding with sSR
Different from the collision case between sPUCCH and PUSCH/PUCCH where sPUCCH is carrying sCSI/sHARQ-ACK and PUCCH/PUSCH is carrying HARQ-ACK, there is no large payload sPUCCH resources to piggyback 1ms HARQ-ACK when the PUCCH/PUSCH is colliding with sPUCCH carrying sSR only. In this case, we suggest to drop the HARQ-ACK on PUCCH/PUSCH instead of piggybacking on sTTI.
Proposal 2: In case of collision between PUCCH/PUSCH and sPUCCH in the same subframe on a given carrier for a UE where the sPUCCH carries sSR only, drop all UCI including HARQ-ACK on PUCCH/PUSCH instead of piggybacking on sTTI.
4 Dynamic codebook size configuration
It has been agreed to reuse the legacy LTE way for DAI counting of sTTI. However, the collision case between 1ms HARQ-ACK and sHARQ-ACK when both 1ms TTI and sTTI are configured with dynamic codebook size was not specifically considered, and it may need further discussion how to count the 1ms DAI and sDAI under this case to achieve more reliable HARQ-ACK feedback.

One candidate is to separately count 1ms DAI and sTTI DAI. E.g., the DAI for 2/3 OS sPDSCH in subframe n+3 always counts from 0 regardless whether there is 1ms PDSCH on subframe n. Using this candidate, there may occur the ambiguity on the total HARQ-ACK bit number when the UE misses all the 1ms DL grants. E.g., if 1ms TTI is configured with single carrier and the UE miss-detects 1ms PDSCH on this single carrier, the 1ms HARQ-ACK bits are failed to be piggybacked on sPUCCH/sPUSCH, and the total HARQ-ACK bits are incorrect.
An alternative is to jointly count 1ms total DAI and sTTI total DAI, and separately count sTTI counter DAI. E.g., the eNB transmits x PDSCHs in subframe n and transmits y 2/3 OS sPDSCHs in a sTTI of subframe n+3 with 6-sTTI sHARQ-ACK timing, then the total DAI for the 2/3 OS sPDSCHs is (x+y) mod 4, and the counter DAI for the last 2/3 OS sPDSCH in subframe n+3 is y mod 4. The UE will feedback x+y bits as the total HARQ-ACK number. If the UE fails to detect all x<4 1ms PDSCHs in subframe n, then the last x bits are NACK values for representing 1ms HARQ-ACKs. If the UE fails to detect the last z<4 sPDSCHs, then the last z bits are NACK values for representing sHARQ-ACKs. If the UE fails to detect all x 1ms PDSCHs and the last z sPDSCHs where x+z<4, then the last x+z bits are NACK values for representing x+z mixed HARQ-ACKs. Thus the UE will not misunderstand the total HARQ-ACK number even there exists miss detected 1ms PDSCH in subframe n. On the other hand, this alternative reuses the DAI field and there is no overhead increase on sDCI. 
In detail, the UE counts the 1ms HARQ-ACK bit number by 1ms counter DAI (DAI_C) and total DAI (DAI_T) if 1ms PDSCH is detected, and counts the sHARQ-ACK bit number by sTTI counter DAI (sDAI_C), sTTI total DAI (sDAI_T) and 1ms total DAI. sDAI_C = sPDSCH carrier index in current SF, and sDAI_T = (DAI_T + number of sPDSCHs in current SF) mod 4. If the UE detects 1ms PDSCH with colliding HARQ-ACK, the (sDAI_T – DAI_T – sDAI_C for last detected carrier) mod 4 sHARQ-ACKs at the end of the sHARQ-ACK sequence are NACK. If the UE does not detect 1ms PDSCH, the (sDAI_T – sDAI_C for last detected carrier) mod 4 sHARQ-ACKs and/or 1ms HARQ-ACKs at the end of the sHARQ-ACK sequence are NACK.
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Figure 1. 1ms total DAI and sTTI total DAI are jointly counted
If there are multiple sTTIs carrying sPDSCHs on subframe n+3, for 2/3 OS DL sTTI and 2/3 OS UL sTTI, only the total DAI for the first sPDSCH are jointly counting with 1ms total DAI, and total DAI for the remaining sPDSCHs still separately counted; for 2/3 OS DL sTTI and 7 OS UL sTTI, the total DAI for 1ms and all sPDSCHs within the first slot are jointly counted.
The text proposal for counting DAI under dynamic codebook configuration is shown in [4].

Proposal 3: If both 1ms TTI and sTTI are configured with dynamic codebook size, 1ms total DAI and sTTI total DAI should be jointly counted for 1ms PDSCH(s) and sPDSCH(s) with colliding HARQ-ACK to avoid ambiguity on total HARQ-ACK bit number.
· Counter DAI for sTTI only counts for sPDSCH(s) of sTTI.
5 Collision between PUCCH format 1/1a/1b/3 and sPUCCH/sPUSCH
In [5], we have some analysis on the consequence if “The UE should strive to drop the PUCCH at a slot boundary before the start of the sPUSCH transmission” in the achieved agreements is not captured, and concludes that dropping PUCCH format 1/1a/1b/3 at slot boundary should be captured in 36.213. Details of the text proposal are shown in the contribution (R1-1802788, [5]). 
Proposal 4: “In case of collision between PUCCH format 1/1a/1b/3 and sPUCCH/sPUSCH in the same subframe on a given carrier for a UE , the UE should strive to drop the PUCCH at a slot boundary before the start of the sPUCCH transmission” should be captured in TS 36.213. The details of the text proposal are in the paper (R1-1802788, [5]).
6 Conclusions
In this contribution, we discussed the issues for 1ms and sTTI collision that needs further study, and give suggestions on these issues. Based on the discussion, following proposals are given, where text proposal for Proposal 2 is shown in the Appendix, and text proposal for Proposal 3 is shown in [4].
Proposal 1: Re-organize the description for the collision cases and the handling of UCI contents in 36.213. The details are in the text proposal R1-1801876 [3].
Proposal 2: In case of collision between PUCCH/PUSCH and sPUCCH in the same subframe on a given carrier for a UE where the sPUCCH carries sSR only, drop all UCI including HARQ-ACK on PUCCH/PUSCH instead of piggybacking on sTTI.
Proposal 3: If both 1ms TTI and sTTI are configured with dynamic codebook size, 1ms total DAI and sTTI total DAI should be jointly counted for 1ms PDSCH(s) and sPDSCH(s) with colliding HARQ-ACK to avoid ambiguity on total HARQ-ACK bit number.
· Counter DAI for sTTI only counts for sPDSCH(s) of sTTI.
Proposal 4: “In case of collision between PUCCH format 1/1a/1b/3 and sPUCCH/sPUSCH in the same subframe on a given carrier for a UE , the UE should strive to drop the PUCCH at a slot boundary before the start of the sPUCCH transmission” should be captured in TS 36.213. The details are in the paper (R1-1802788, [5]).
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Appendix 
--------------------------------------Start of Text Proposal ----------------------------------------------

< Unchanged parts are omitted >

7.3
UE procedure for reporting HARQ-ACK

If the UE is not configured with ShortTTI-Length, the term 'subframe/slot' refers to a subframe in this clause.

If the UE is configured with ShortTTI-Length, and UCI is to be transmitted in a slot, the term 'subframe/slot' refers to a slot, subframe otherwise, in this clause.

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both primary PUCCH group and secondary PUCCH group unless stated otherwise

· When the procedures are applied for the primary PUCCH group, 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 primary PUCCH group respectively unless stated otherwise.

· When the procedures are applied for secondary PUCCH group, the terms 'secondary cell', 'secondary cells', 'serving cell' and 'serving cells' in this clause refer to secondary cell, secondary cells (not including the PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively unless stated otherwise. The term 'primary cell' in this clause refers to the PUCCH-SCell of the secondary PUCCH group.
If each of the serving cell(s) configured for the UE has frame structure type 1, the UE procedure for HARQ-ACK reporting for frame structure type 1 is given in Subclause 7.3.1.

If each of the serving cell(s) configured for the UE has frame structure type 2, the UE procedure for HARQ-ACK reporting for frame structure type 2 is given in Subclause 7.3.2. 

If the UE is configured with more than one serving cell, and if the frame structure type of any two configured serving cells is different, and if the primary cell is frame structure type 1, UE procedure for HARQ-ACK reporting is given in Subclause 7.3.3.

If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving cells is different, and if the primary cell is frame structure type 2, UE procedure for HARQ-ACK reporting is given in Subclause 7.3.4. 

Throughout this section, 
-
if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH is in the UE-specific search space,
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-
if the UE is configured with higher layer parameter ShortTTI-Length and for PDSCH transmissions in a subslot, 
[image: image4.wmf]p

X

 is determined based on higher layer configuration from 
[image: image5.wmf]{

}

8

,

6

,

4

.

If the UE is configured with higher layer parameter ShortTTI-Length, and the UE is expected to transmit slot/subslot-based PUCCH including HARQ-ACK and/or CSI and SR if any on slot/subslot 
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-
if the UE is configured with no more than five DL cells, or if the UE is configured by higher layers with codebooksizeDetermination-r13 = cc, the UE also transmits subframe-based HARQ-ACK(s) on the slot/subslot-based PUCCH, where the length of sequence of bits 
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 is defined in Table 10.1.3.1-1B if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH is in the UE-specific search space for subframe-based PDSCH, and in Table 10.1.3.1-1 otherwise.


-
Spatial bundling for the subframe-based HARQ-ACK(s) is applied regardless the higher layer parameter spatialBundlingPUCCH is set TRUE or FALSE.
-
if the UE is configured by higher layers with codebooksizeDetermination-r13 = dai, the UE also transmits subframe-based HARQ-ACK(s) on the slot/subslot-based PUCCH if the total DAI for the associated subframe-based PDSCH(s) on subframe 
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 is defined in Table 10.1.3.1-1B if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH is in the UE-specific search space for subframe-based PDSCH, and in Table 10.1.3.1-1 otherwise.

-
Spatial bundling for the subframe-based HARQ-ACK(s) is applied regardless the higher layer parameter spatialBundlingPUCCH is set TRUE or FALSE.

-
the subframe-based HARQ-ACK(s) in the above cases are transmitted on the first occurred slot/subslot-based PUCCH among the slot/subslot-based PUCCH(s) on which the UE is expected to transmit HARQ-ACK or CSI in subframe 
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If the UE is configured with higher layer parameter ShortTTI-Length, and the UE is expected to transmit slot/subslot-based PUCCH including SR but not including either HARQ-ACK or CSI on slot/subslot 
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, the slot/subslot based SR is transmitted on the slot/subslot-based PUCCH without including the subframe-based HARQ-ACK(s)  regardless whether there is associated subframe-based PDSCH detected for any of the DL cell(s) on subframe 
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If the UE is configured with higher layer parameter ShortTTI-Length, and the UE is scheduled to transmit slot/subslot-based PUSCH or intends to transmit slot/subslot-based PUSCH on 
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-
if the UE is configured with no more than five DL cells, or if the UE is configured by higher layers with codebooksizeDetermination-r13 = cc,


-
if SPDSCH is detected on slot/subslot 
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, the UE transmits both slot/subslot-based HARQ-ACK(s) and subframe-based HARQ-ACK(s) on the slot/subslot-based PUSCH where the length of sequence of bits 
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 regardless whether there is associated subframe-based PDSCH detected for any of the DL cell(s) on subframe 
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-
if subframe-based PDSCH is detected on subframe 
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 and no slot/subslot-based PDSCH is detected for any of the DL cell(s) on slot/subslot 
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if subframe-based PDSCH for any of the DL cell(s) on subframe 
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 is not detected, the corresponding HARQ-ACK bit is NACK.
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 is defined in Table 10.1.3.1-1B if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH is in the UE-specific search space for subframe-based PDSCH, and in Table 10.1.3.1-1 otherwise.
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 is defined in Table 10.1.3.1-1C.

-
Spatial bundling for the subframe-based HARQ-ACK(s) is applied regardless the higher layer parameter spatialBundlingPUCCH is set TRUE or FALSE.

-
if the UE is configured by higher layers with codebooksizeDetermination-r13 = dai, the UE transmits subframe-based HARQ-ACK(s) on the slot/subslot-based PUSCH, if the total DAI for the associated subframe-based PDSCH(s) on subframe 
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 in [4] is determined based on the total DAI.

-
the subframe-based HARQ-ACK(s) in the above cases are transmitted on the first scheduled slot/subslot-based PUSCH among the slot/subslot-based PUCCH(s) on which the UE is expected to transmit HARQ-ACK or CSI in subframe 
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< Unchanged parts are omitted >
10.1
UE procedure for determining physical uplink control channel assignment

< Unchanged parts are omitted >
If a UE is not configured with simultaneous transmission of PUSCH and PUCCH, and if at least one PUSCH and two PUCCHs or at least one PUCCH and two PUSCHs are collided within the same subframe on a given carrier, prioritization and collision handling between PUSCH and PUCCH spanning the same number of symbols (given in this clause) is first applied, followed by prioritization and collision handling of PUSCH and PUCCH spanning different number of symbols (given in this clause).
A UE transmits PUCCH only on the primary cell.

A UE is configured by higher layers to transmit PUCCH on one antenna port [image: image44.wmf])
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. PUCCH format 4 and PUCCH format 5 can only be transmitted on one antenna port [image: image46.wmf])
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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 is expected to transmit slot/subslot-based PUCCH including HARQ-ACK and/or CSI and SR if any on a slot/subslot of the same subframe. 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. If there is collision of periodic CSI on the same subframe, the periodic CSI is dropped. Whether and how to transmit subframe-based HARQ-ACK on the slot/subslot-based PUCCH is defined in subclause 7.3.


-
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. If there is collision of periodic CSI on the same subframe, the periodic CSI is dropped. Whether and how to transmit subframe-based HARQ-ACK on the slot/subslot-based PUSCH is defined in subclause 7.3.

-
the UE is not expected to transmit either subframe-based PUCCH or subframe-based PUSCH corresponding to PDCCH/EPDCCH with uplink DCI format other than 7-0A/7-0B or without a corresponding PDCCH/EPDCCH in a given subframe if simultaneous PUSCH and PUCCH transmission is configured for the UE, if the UE is expected to transmit slot/subslot-based PUCCH including HARQ-ACK and/or CSI and SR if any on a slot/subslot of the same subframe. If the subframe-based PUSCH is triggered to transmit aperiodic CSI, the aperiodic CSI is dropped. If there is collision of periodic CSI on the same subframe, the periodic CSI is dropped. Whether and how to transmit subframe-based HARQ-ACK on the slot/subslot-based PUCCH is defined in subclause 7.3.




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 UE configured with higher layer parameter ul-TTI-Length, and not configured with simultaneous PUSCH and PUCCH transmissions, the UE is not expected to transmit PUCCH and demodulation reference signal for PUSCH in a slot/subslot in which the UE does not transmit PUSCH.


< Unchanged parts are omitted >
For FDD and for a UE not configured with PUCCH format 4/5 and transmitting HARQ-ACK using PUCCH format 1b with channel selection or PUCCH format 3, the UE shall determine the number of HARQ-ACK bits, [image: image47.wmf]O

, based on the number of configured serving cells and the downlink transmission modes configured for each serving cell. The UE shall use two HARQ-ACK bits for a serving cell configured with a downlink transmission mode that support up to two transport blocks; and one HARQ-ACK bit otherwise. 

< Unchanged parts are omitted >
--------------------------------------End of Text Proposal ----------------------------------------------
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