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1	Introduction
In the last RAN1 meeting the following was agreed regarding multiple HARQ ACK transmission in a slot:
	Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, PDSCH-HARQ-ACK-Codebook is separately configured.

Agreements:
R16 supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed, including: 
· One is slot-based and one is sub-slot-based.
· Both are slot-based.
· Both are sub-slot-based

Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, at least the followings are separately configured.
· For DG
· UCI-OnPUSCH
· For CG
· FFS
· codeBlockGroupTransmission
· FFS K1

Agreements:
Any sub-slot PUCCH resource is not across sub-slot boundaries. 



Moreover, the following was agreed regarding collision between control/control and data/control
	Agreements:
· Support two-level SR priority (high or low) intended for two different service types known at PHY layer in R16.
· The PHY-layer SR priority is determined by an explicit indication (as a new RRC parameter) for each SR resource configuration.

Agreements:
· Support 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release) in R16. 
· Note: This does not preclude possibility of extending it in future releases.
· An explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release
· FFS whether/how or not to further indicate a mapping to corresponding HARQ-ACK codebook by DL SPS activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats

Agreements:
2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.

Agreements:
2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.
· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats

Agreements:
For handling intra-UE collision in R16, 
· P/SP-CSI on PUCCH is treated with low priority.
· The priority of a SP-CSI on PUSCH depends on the 2-level PHY priority of the PUSCH conveying the SP-CSI. 
· The priority of a A-CSI depends on the 2-level PHY priority of the PUSCH (w/ or w/o UL-SCH) conveying the A-CSI. 


Agreements:
For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).
· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.
· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· FFS details of dropping behaviors.
· FFS details of processing timeline issues, e.g.
· How to handle the case where the timeline condition is not satisfied.
· Necessity of a new timeline.
	
Agreements:
· For handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism. 



In this contribution we discuss our view on solutions for enabling multiple PUCCHs transmissions with HARQ-ACK feedback in a slot, as well as handling collisions for intra-UE UL transmissions, based on the above agreements. 
[bookmark: _Ref178064866]2	Discussion
2.1	Design principals for multiple HARQ-ACK per slot 
Our view on the feature of multiple HARQ-ACK transmission per slot is to enable the functionality based on a design that reuses Rel-15 features as much as possible with simplified modifications when necessary. Different configuration sets can be used to address different services in an application. In this context, the K1 granularity in PUCCH-Config is the parameter representing the flexibility and agility in providing HARQ-ACK feedback which can be associated to the requirements different services demand. That in turn can be related to a priority of a service as compared to another service. Having different options to configure a UE, services in different scenarios can be addressed. In Rel-16, providing means to support two services would be sufficient with a design that is easily extendable in future releases for use cases that address more services with different delay and reliability requirements.

In the following we discuss further details of the design of multiple HARQ-ACK in a slot and address some of the open issues.Our view on the feature of multiple HARQ-ACK transmission per slot is to enable the functionality based on a design that reuses Rel-15 features as much as possible with simplified modifications when necessary
· K1 value range
It is claimed that indication based on sub-slot would mean that for a certain feedback delay in absolute time unit, there is a larger range for K1 is needed since the units are based on sub-slot rather than slots. 
However, when a gNB schedules a transmission based on sub-sot, it intends to shorten the delay between the DL transmission and the feedback to meet a certain delay requirement.  Hence, the required absolute time of delay would be shorter which implies that the value range of K1 would be large enough to meet such delay requirements even with granularity of sub-slots. It is also argued that the K1 range value should be increased for the purpose of TDD configurations. It is important to note that in such cases, the delay between the DL transmission and the feedback does not meet the delay requirements and it would be irrelevant if the K1 value range is increased or not, since it would not be used by the gNB, as explained above. Hence from our perspective, the current value range of K1 is sufficient even for sub-slot based K1 granularity for delay critical services.
[bookmark: _Toc16888683][bookmark: _Toc16888973][bookmark: _Toc16889112][bookmark: _Toc16901924][bookmark: _Toc16908833][bookmark: _Toc16912454][bookmark: _Toc21393177][bookmark: _Toc21393195][bookmark: _Toc21387296][bookmark: _Toc21388370][bookmark: _Toc24020002][bookmark: _Toc24020202][bookmark: _Toc24020652][bookmark: _Toc24144821][bookmark: _Toc24145337][bookmark: _Toc24145902][bookmark: _Toc24146829][bookmark: _Toc24157122][bookmark: _Toc24154919]The value range for K1 indication should not be extended.

· Sub-slot configuration
In the last RAN1 meeting it was agreed that at least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”, and it is for further study to support other configurations, e.g. 4, 14 in a sub-slot.
In order to provide enough flexibility to have low latency communication, i.e. feedback with symbol level granularity, it is proposed that configuration of 14 sub-slots in a slot is supported.  Also, it can be useful to have the flexibility to have 4 per slot for the case of mixed numerology.
[bookmark: _Toc21393178][bookmark: _Toc21393196][bookmark: _Toc21387297][bookmark: _Toc21388371][bookmark: _Toc24020005][bookmark: _Toc24020204][bookmark: _Toc24020654][bookmark: _Toc24144822][bookmark: _Toc24145338][bookmark: _Toc24145903][bookmark: _Toc24146830][bookmark: _Toc24157123][bookmark: _Toc24154920]In addition to “2-symbol*7” and “7-symbol*2” for sub-slot configuration in a PUCCH-Config IE, sub-slot configurations “4-3-4-3 symbols” and “1-symbol *14” are supported.
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· Type I HARQ codebook construction
For PDSCHs with sub-slot based indications, Rel-15 procedures can be directly used for generating a HARQ codebook of Type 1 or Type 2 based on its configuration. Type 1 HARQ codebook, is subject to an in-built overhead since the configured values for K1 impact the size of type 1 HARQ codebook while the UE may not receive PDSCH for all the configured K1 values. In this case, the UE is expected to generate NACK for those entries in the Type 1 codebook.  This overhead can be additionally increased when used for URLLC traffic since DL transmissions are targeted to be scheduled such that the corresponding HARQ feedbacks is provided soon enough to meet the URLLC delay requirements. This in turn implies that depending on the range of configured values for K1, there are scenarios that more configured candidate K1 values would not correspond to a PDSCH transmission, but a NACK entry in the corresponding HARQ codebook. An example illustrated in Figure 1. Hence, it is beneficial to reduce overhead on Type 1 HARQ codebook, especially for sub-slot based configurations. It is important to note that solutions that reduce the overhead of Type I HARQ codebook should not result in increasing the overhead in another dynamic signalling. 
[image: ]
[bookmark: _Ref16899153]Figure 1: Illustration of PDSCH groups associated to HARQ-code book for a corresponding sub-slot.
Therefore, we propose the following:
[bookmark: _Toc16901928][bookmark: _Toc16908837][bookmark: _Toc16912458][bookmark: _Toc24144823][bookmark: _Toc24145339][bookmark: _Toc24145904][bookmark: _Toc24146831][bookmark: _Toc24157124][bookmark: _Toc16888688][bookmark: _Toc16888977][bookmark: _Toc16889116][bookmark: _Toc24154921]Type I HARQ codebook for sub-slot based HARQ feedback is supported. 

2.2	UL control/control and data/control resource collision
In the last RAN1 meeting it was agreed to support a 2 level priorities for SR, HARQ-ACK, DG PUSCH and CG PUSCH. Furthermore, it was agreed that for intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, the low-priority UL transmission is dropped under certain constraint (particularly timeline). Following those agreements, we see it beneficial to lay out the general principles of prioritization, when there is a mix of control information and data of same or different priorities.

Some of the additional open issues related to the dropping which were identified FFS, in the last RAN1 meeting are:
· In case of A URLLC SR collides with a URLLC HARQ-ACK where Rel-15 procedure should be followed, whether the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered. Also the case where HARQ ACK is in PF 2, 3, and 4
· Dropping rule if the UL transmission is for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· Details of the dropping behavior
· Details of processing timeline

From our perspective, the collisions listed above, can be resolved following the Rel-15 procedures. This implies that an SR with high priority is multiplexed with high priority HARQ-ACK on the HARQ-ACK PUCCH resource with format 2, 3 or 4. With respect to the case when SR with PUCCH format 0 overlaps HARQ-ACK with PUCCH format 1, as oppose to Rel-15 that is considered an error case,  we would prefer to transmit one of the resources and drop the other one. Since in this case, the gNB intentionally has scheduled or configured (in case of DL SPS) HARQ-ACK such that it overlaps with SR, we prefer to prioritize HARQ-ACK and drop SR. 
[bookmark: _Toc24144824][bookmark: _Toc24145340][bookmark: _Toc24145905][bookmark: _Toc24146832][bookmark: _Toc24157125][bookmark: _Toc24154922]In case of overlapping SR with PUCCH PF0 and HARQ ACK with PUCCH PF1, both with high priority, SR is dropped and HARQ-ACK is transmitted.
[bookmark: _Toc24144825][bookmark: _Toc24145341][bookmark: _Toc24145906][bookmark: _Toc24146833][bookmark: _Toc24157126][bookmark: _Toc24154923]The processing timeline from Rel-15 for dropping should be adopted  

Regarding the behavior for PUCCH and SRS collision, according to Rel-15, a UE shall not transmit periodic and semi-persistent SRS when it overlaps with PUCCH carrying SR, HARQ-ACK or only CSI-report. However, if PUCCH carries semi-persistent or periodic CSI or L1-RSRP report only, the UE should skip PUCCH transmission. 
In our view, we can somewhat follow the same procedure in Rel-16, where semi-persistent and periodic SRS can always be considered as a low priority signal. 
[bookmark: _Toc24020017][bookmark: _Toc24020215][bookmark: _Toc24020664][bookmark: _Toc24157127][bookmark: _Toc24144826][bookmark: _Toc24145342][bookmark: _Toc24145907][bookmark: _Toc24146834][bookmark: _Toc24154924]Periodic SRS, semi-persistent SRS, and aperiodic SRS that is triggered by DCI 2-3 can be considered as a low priority transmission. 
[bookmark: _Toc24157128][bookmark: _Toc24154925]Aperiodic SRS that is triggered by DL assignment or UL grant DCI, can be indicated with low priority or high priority as carried by the DCI.
PUCCH-BFR has been introduced for beamforming repair. It has similar functionality as PRACH in that it assists with the maintenance of the radio link, without which the connection can be lost. Hence both PUCCH-BFR and PRACH are assigned with high priority. 
[bookmark: _Toc24020018][bookmark: _Toc24020216][bookmark: _Toc24020665][bookmark: _Toc24144827][bookmark: _Toc24145343][bookmark: _Toc24145908][bookmark: _Toc24146835][bookmark: _Toc24157129][bookmark: _Toc24154926]For the purpose of handling intra-UE collision in Rel-16, both PRACH and PUCCH-BFR are assigned high priority. 

Also as it has been discussed before, we believe that when a transmission is dropped according to the agreed rule, a later transmission of the dropped channel if it is scheduled (e.g. PUSCH, HARQ-ACK) is subject to additional indication by the gNB. For example in case of a dropped DG PUSCH, the UE has to receive a new scheduling grant to transmit the dropped PUSCH.
[bookmark: _Toc24144828][bookmark: _Toc24145344][bookmark: _Toc24145909][bookmark: _Toc24146836][bookmark: _Toc24157130][bookmark: _Toc24154927]Following a dropped transmission, the UE does not retransmit that without a new scheduled resource
3	Conclusion
[bookmark: _GoBack]Based on the discussion in the previous sections we propose the following:
Proposal 1	The value range for K1 indication should not be extended.
Proposal 2	In addition to “2-symbol*7” and “7-symbol*2” for sub-slot configuration in a PUCCH-Config IE, sub-slot configurations “4-3-4-3 symbols” and “1-symbol *14” are supported.
Proposal 3	Type I HARQ codebook for sub-slot based HARQ feedback is supported.
Proposal 4	In case of overlapping SR with PUCCH PF0 and HARQ ACK with PUCCH PF1, both with high priority, SR is dropped and HARQ-ACK is transmitted.
Proposal 5	The processing timeline from Rel-15 for dropping should be adopted
Proposal 6	Periodic SRS, semi-persistent SRS, and aperiodic SRS that is triggered by DCI 2-3 can be considered as a low priority transmission.
Proposal 7	Aperiodic SRS that is triggered by DL assignment or UL grant DCI, can be indicated with low priority or high priority as carried by the DCI.
Proposal 8	For the purpose of handling intra-UE collision in Rel-16, both PRACH and PUCCH-BFR are assigned high priority.
Proposal 9	Following a dropped transmission, the UE does not retransmit that without a new scheduled resource
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