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In RAN1#98, it has been agreed that [1]: 
Reuse the R15 mechanism for the following scenarios:
· A URLLC SR collides with a URLLC HARQ-ACK (no other UL signals/channels), except for (to conclude the FFSs by RAN1#98b)
· FFS if the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered.
· FFS SR with HARQ-ACK in PF 2, 3, 4
· URLLC HARQ-ACK collides with URLLC PUSCH (no other UL signals/channels) when the corresponding timelines are met
· To conclude by RAN1#98b for the error cases per R15 (especially for the cases when the timeline is not met)
In case URLLC (i.e., high priority) HARQ-ACK collides with eMBB (i.e., low priority) SR, down-select from options below (to conclude RAN1#98b):
· Option 1: Drop eMBB SR
· Option 2: Multiplex URLLC HARQ-ACK and eMBB SR if the multiplexing rule is met. Otherwise, drop eMBB SR. 
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· PUCCH formats
In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) SR, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK 
· Option 2: Multiplex eMBB HARQ-ACK and URLLC SR if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· PUCCH formats, e.g. SR on PF0 collides with HARQ-ACK on PF1/3/4
· FFS: Resending HARQ-ACK or not after dropping.
In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) HARQ-ACK, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK. 
· Option 2: Multiplex eMBB HARQ-ACK and URLLC HARQ-ACK if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· Pre-defined rules or configurable rules or dynamically-indicated multiplexing
· FFS: Resending HARQ-ACK or not after dropping.
FFS details in case of a channel/signal being dropped in handling of collision of UL channels/signals.
High priority vs. low priority HARQ-ACK is made known at the PHY layer (note: for SR, it’s agreed earlier)

Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,
· In case of SPS PDSCH, the following options for identifying a HARQ-ACK codebook (to down-select, combinations are not precluded)
· Opt.1: By SPS PDSCH configurations 
· Opt.2: By the DCI activating the SPS PDSCH 
· Opt.3: By the CORESET where the activating DCI is received
In this contribution, we discuss the physical layer identification for HARQ-ACK codebook of different service types, more reliable HARQ-ACK feedback for URLLC service, and collision handling of UL control and data channels.  
Discussion
UCI enhancements for URLLC
PHY layer identification for HARQ-ACK codebook of different service types
Separate HARQ-ACK multiplexing windows may be supported for eMBB and URLLC. Firstly, the different service types need to be identifiable by the UE. A simple method would be to reuse the MCS-C-RNTI for the identification of URLLC service via the scheduling DCI, at least for dynamically scheduled PDSCH transmission. The URLLC MSC table is for ‘high reliability’, and is always applicable in conjunction with ‘low-latency’. A PDSCH for eMBB is scheduled with C-RNTI and a PDSCH for URLLC is scheduled with MCS-C-RNTI. It is agreed in RAN1#98 that when at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.
In case of SPS PDSCH, the identification can be based on the SPS configuration, e.g. service type or priority indication. SPS PDSCH with longer periodicity may also have high priority and require higher reliability.  
Proposal 1: Support RNTI based PHY layer identification for dynamic grant for the construction of HARQ-ACK codebook of different service types.

K1 Indication and sub-slot configuration
Separate HARQ-ACK multiplexing windows for codebooks of the same or different service types can be determined based on K1. K1 is indicated in unit of sub-slot for URLLC service, and in unit of slot for eMBB service.
[bookmark: _Hlk951949]For sub-slot-based HARQ-ACK feedback procedure, K1 is the number of sub-slots from the sub-slot containing the end of PDSCH to the sub-slot containing the start of PUCCH.	UL numerology is used to define the sub-slot grid for PDSCH-to-sub-slot association. For numerologies with higher subcarrier spacing, or in a sub-slot configuration with higher number of sub-slots per slot (e.g. in sub-slot configuration with “2-symbol*7”), the maximum number of sub-slots for the multiplexing window may need to be increased. Option 1 is to extend the value range of K1, to extend K1 to 31 or 63, the corresponding DCI field bit width may need to be increased to 5 or 6 bits. Option 2 is to indicate the number of sub-slot per slot configured based on SCS, e.g. {1/2, 1, 2, 4, 7 …}, where the fractional value 1/2 means that there are two slots for every sub-slot and therefore the multiplexing window is scalable. For Option 2, the DCI field bit width can be kept the same for all SCS, i.e. without the need to increase the DCI field bit width for larger SCS.    
Maximum number of PUCCH transmissions including HARQ-ACK bits allowed in a slot can be determined from the sub-slot configuration.
Proposal 2: K1 indication in which a fractional sub-slot value representing multi-slots may be configured in order to extend the cover range of the K1 multiplexing window for the higher SCS cases.

Semi-static and dynamic HARQ codebook
We propose to support up to two simultaneous HARQ-ACK codebook constructions, with 1 slot based and 1 sub-slot based. For eMBB, the UE determines a HARQ-ACK codebook at slot level. For URLLC, since PUCCHs are supported at sub-slot level, the entries in HARQ-ACK codebook will also be determined at sub-slot level. 
With the PDCCH monitoring occasions being increased, the size of semi-static codebook can increase significantly. However, for the bursty URLLC traffic, many bits in the semi-static codebook may not have a corresponding PDSCH transmission. This would reduce the reliability of PUCCH channel and the transmission efficiency of the semi-static codebook. 
Dynamic codebook improves the transmission efficiency of HARQ-ACK feedback, the counter DAI value and the total DAI value can apply separately for each HARQ-ACK codebook per PUCCH. If the Rel-15 definition of DAI counters for the type 2 codebook is not changed, the reliability of the dynamic codebook required by the URLLC service may not be achieved at the required low BLER target of 1e-5 or 1e-6. Considering the higher possibility of blockage for higher frequencies, a burst of four or more failures may occur across the sub-slots due to high mobility or fast fading. The transient changes in channel condition may not be mitigated by lowering the code rate. The DAI counters for the dynamic codebook can be redefined to ensure reliability for URLLC. The new definition helps to detect the errors to within a slot. The total-DAI field can be included also for the non-carrier aggregation case for Rel-16 DCI for URLLC.
To enhance the reliability of dynamic codebook, the existing T-DAI field may be simply redefined:
New Definition of T-DAI: The value of the T-DAI, when configured as ‘present’, in DCI format 1_1 denotes the total number of sub-slots in which PDSCH transmission(s) associated with DCI format 1_1 occur(s), up to the current sub-slot, in increasing order of sub-slot index. 

	URLLC DCI for DL assignment
	Rel-15 fall-back DCI 
	Rel-16 compact DCI
	Comment

	Total Downlink Assignment Index
	0 or 2
	0 or 2
	0 or 2 bits can be configured for this field. In Rel-16, 0 bit if it is non-codebook based; in Rel-15, 0 bit if no CA.


[bookmark: _GoBack]Table 1: DCI field in Rel-16 compact DCI 
Proposal 3: The reliability of URLLC service can be improved by enhancing the definition of DAI counters for the dynamic HARQ-ACK codebook.
Collision handling of multiple UL channels 
Multiple PUCCHs within a slot can enable separate HARQ feedback for URLLC and eMBB services. PUCCHs with partially overlapping or completely overlapping HARQ-ACK multiplexing windows can be separated by TDM or FDM. If the UE is capable of parallel transmission, and there are frequency domain resources available, eMBB and URLLC PUCCHs may be transmitted simultaneously in the UL. 
Proposal 4: Support simultaneous PUCCH transmissions for different service types by a UE in R16 as a UE capability.
It is agreed in RAN#85 that L1 multiplexing of different service types will not be considered in release-16, only prioritisation will be supported.
The table below summaries the proposed collision handling of multiple UL channels: 

	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Multiplex on PUCCH 

	
	
	

	CSI
	Drop CSI
	Drop CSI 


	
	

	URLLC PUSCH
	Reuse Rel-15 rules


	Reuse Rel-15 rules


	Drop CSI


	

	eMBB SR
	Drop eMBB SR


	Drop eMBB SR

	Reuse Rel-15 rules

	Drop eMBB SR 

	eMBB HARQ-ACK
	Drop eMBB HARQ-ACK
	Drop eMBB HARQ-ACK
	Reuse Rel-15 rules
	Drop eMBB HARQ-ACK

	eMBB PUSCH
	Puncture eMBB PUSCH with URLLC SR  

	Drop eMBB PUSCH

	Reuse Rel-15 rules
	Drop eMBB PUSCH



Table 2: Collision handling of multiple UL channels
Proposal 5: Support collision handling of multiple UL channels as shown in Table 2.
Conclusion
In this contribution, we discussed the physical layer identification for HARQ-ACK codebook of different service types, reliable HARQ-ACK feedback for URLLC, collision handling of UL control and data channels, and proposed the following:
Proposal 1: Support RNTI based PHY layer identification for dynamic grant for the construction of HARQ-ACK codebook of different service types.

Proposal 2: K1 indication in which a fractional sub-slot value representing multi-slots may be configured in order to extend the cover range of the K1 multiplexing window for the higher SCS cases.
Proposal 3: The reliability of URLLC service can be improved by enhancing the definition of DAI counters for the dynamic HARQ-ACK codebook.
Proposal 4: Support simultaneous PUCCH transmissions for different service types by a UE in R16 as a UE capability.

Proposal 5: Support collision handling of multiple UL channels as shown in Table 2.
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