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Introduction
Work items of “Physical layer enhancements for NR ultra-reliable and low latency communication (URLLC)” [1] and “Support of NR Industrial Internet of Things (IoT)” [2] were approved to be studied and specified as the WIs in RAN#83. Some UCI enhancements and intra-UE prioritization/multiplexing need to be supported in these work items. 
· Specification of UCI enhancements [RAN1]
· More than one PUCCH for HARQ-ACK transmission within a slot
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE

The detailed objectives for NR intra-UE prioritization/multiplexing are:
· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].
· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].
· Address UL data/control and control/control resource collision by:
· Specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].
· Specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].

In this contribution, we provide our considerations on UCI enhancements including more than one PUCCH with HARQ-ACK and at least two HARQ-ACK codebooks simultaneously constructed, and intra-UE prioritization/multiplexing for URLLC.
Discussion
More than one PUCCH with HARQ-ACK
In the previous meetings in SI stage, different methods for more than one PUCCH with HARQ-ACK were given and discussed. Four options of how to support multiple PUCCHs for HARQ-ACK within a slot are listed in the feature leader’s summary [3].
· Opt.1: Sub-slot-based HARQ-ACK feedback procedure 
· Opt.2: PDSCH grouping
· Opt.3: Combination of Opt.1 and Opt.2 (PDSCH grouping for differentiating eMBB/URLLC HARQ-ACK codebooks)
· Opt.4: “Codebook-less HARQ”
For sub-slot-based HARQ-ACK feedback (Opt.1), all the procedures are similar as slot-based HARQ-ACK feedback. Such as K1 is indicated in unit of sub-slot, one PDSCH is in sub-slot k if its last symbol is in sub-slot k, one PUCCH j is in sub-slot k if its starting symbol is in sub-slot k. Figure 1 shows an example of sub-slot size equalling 7 symbols. Sub-slot-based HARQ-ACK feedback procedure can provide faster HARQ-ACK response for URLLC traffic compared with slot-based HARQ-ACK feedback.


Figure 1: sub-slot based HARQ-ACK feedback
For PDSCH grouping methods (Opt. 2), if implicit PDSCH grouping based on DCI format or RNTI is used, it can distinguish URLLC traffic from eMBB traffic. Hence URLLC HARQ-ACK does not need to be fed back together with eMBB HARQ-ACK. For eMBB traffic, one PUCCH with HARQ-ACK within a slot will be enough. However, for URLLC traffic, more than one PUCCH with HARQ-ACK within a slot is necessary, just like using sub-slot-based HARQ-ACK feedback. From this side of view, other PDSCH grouping methods don't need to be considered further. 


Figure 2: PDSCH grouping method based HARQ-ACK feedback
Proposal 1. Sub-slot-based HARQ-ACK feedback procedure can be further studied for URLLC transmission.
Proposal 2. PDSCH grouping method can be used to distinguish URLLC and eMBB traffic.

Two HARQ-ACK codebooks simultaneously constructed
In Rel-15 NR, only one HARQ-ACK codebook is generated for both eMBB and URLLC. But due to stringent delay and reliability requirement of URLLC traffic, separate HARQ-ACK codebooks are suggested to be constructed simultaneously and at least two HARQ-ACK codebook should be supported. 
A UE needs separate PDSCHs and HARQ-ACK feedbacks of URLLC and eMBB, and be aware of which set of parameters should be applied. In our opinion, two methods can be considered.
· One method is reusing the new RNTI, i.e. MCS-C-RNTI, introduced in Rel-15 URLLC to identify the URLLC traffic. For a PDSCH scrambled with C-RNTI, its HARQ-ACK procedure use the same mechanism defined in Rel-15 NR. For a PDSCH scrambled with MCS-C-RNTI, its HARQ-ACK PUCCH resource can be indicated with finer K1 indication through DCI or use an implicit method to determine the timing of PUCCH.
· Another method is using DCI format scheduling Rel-16 URLLC to differentiate URLLC from eMBB traffic. When such a DCI is received, a UE gets to know the scheduled traffic is URLLC traffic and the new HARQ-ACK procedure should be applied.
Proposal 3. MCS-C-RNTI and/or DCI format scheduling Rel-16 URLLC can be used to identify URLLC traffic. 
The number of HARQ-ACK codebooks
Considering only two HARQ-ACK codebooks simultaneously constructed, one for URLLC and the other for eMBB, it can work appropriately. eMBB HARQ-ACK codebook reuses the mechanism from Rel-15 NR. URLLC HARQ-ACK codebook has its own configuration for semi-static or dynamic HARQ-ACK codebook, which can be configured independently from eMBB. From this side of view, we don’t see the need of supporting more than two HARQ-ACK codebooks simultaneously constructed.
Proposal 4. At most two HARQ-ACK codebooks can be simultaneously constructed.
PUCCH resource sets
The current starting symbol of PUCCH is based on PUCCH resource indication in DCI and PUCCH resource configuration. If sub-slot-based HARQ-ACK feedback is adopted for URLLC traffic, the real starting symbol of a PUCCH resource should be depended on the PRI in DCI, PUCCH resource configuration and the position of this sub-slot in a slot. For example, when K1 indicates a sub-slot containing symbol 7 to symbol 13 and the starting symbol of PUCCH resource is symbol 5, this PUCCH is starting from symbol 12 actually. From this side of view, some URLLC PUCCH resources can be different from eMBB PUCCH resources, even if they are with same configuration parameters. So a better method is to have two different PUCCH resource sets, one sets are for eMBB slot-based HARQ-ACK PUCCH feedback, the other sets are for URLLC sub-slot-based HARQ-ACK feedback. 
Proposal 5. Use separate HARQ-ACK PUCCH resource sets for URLLC and eMBB.
Separate HARQ-ACK multiplexing windows
[bookmark: _Hlk508697304]NR supports configurable HARQ-ACK multiplexing window, and the parameter dl-DataToUL-ACK in PUCCH-Config is common for all the PUCCH resource. Considering that URLLC traffic needs quicker HARQ-ACK feedback than eMBB traffic, it is reasonable to use separate HARQ-ACK multiplexing windows for URLLC and eMBB. The HARQ-ACK multiplexing windows for URLLC can be defined using sub-slot level granularity.
Proposal 6. Use separate HARQ-ACK multiplexing windows for URLLC and eMBB.
Intra-UE prioritization/multiplexing
When the resources of uplink control or data transmission overlap with other uplink control transmission in time, it was suggested to specify prioritization and or multiplexing behaviours, such as explicit L1 indication or implicit indication for prioritization of UCI types. 
PUCCH overlap with PUCCH
HARQ-ACK and SR on PUCCH can distinguish higher or lower prioritizations, but for period CSI and semi-persistent CSI on PUCCH, it is preferred not to differ from which CSI reports are for eMBB or URLLC. So the following cases should be considered for this scenario in RAN1. For resource collision between SR associating to high-priority traffic and lower-priority traffic, it’s assumed to handle in RAN2.
Table 1: intra-UE prioritization cases of PUCCHs overlapping
	
	URLLC HARQ-ACK PUCCH
	URLLC SR PUCCH

	eMBB HARQ-ACK PUCCH
	Prioritize URLLC HARQ-ACK
Deprioritize eMBB HARQ-ACK
	Prioritize URLLC SR
Deprioritize eMBB HARQ-ACK

	eMBB SR PUCCH
	Prioritize URLLC HARQ-ACK
Deprioritize eMBB SR
	RAN2

	P-CSI and SP-CSI PUCCH
	Prioritize URLLC HARQ-ACK
Deprioritize CSI
	Prioritize URLLC SR
Deprioritize CSI



PUCCH overlap with PUSCH
When a PUCCH overlaps with a PUSCH, either PUCCH or PUSCH can have higher or lower prioritizations. So the following cases should be considered for this scenario in RAN1. 
Table 1: intra-UE prioritization cases of PUCCH and PUSCH overlapping
	
	URLLC HARQ-ACK PUCCH
	URLLC SR PUCCH
	URLLC DG/CG PUSCH

	eMBB HARQ-ACK PUCCH
	
	
	Prioritize URLLC PUSCH
Deprioritize eMBB HARQ-ACK PUCCH

	eMBB SR PUCCH
	
	
	RAN2

	P/SP-CSI PUCCH or SP PUSCH
	
	
	Prioritize URLLC PUSCH
Deprioritize CSI PUCCH/PUSCH

	eMBB DG/CG PUSCH
	Prioritize URLLC HARQ-ACK PUCCH
Deprioritize eMBB PUSCH
	Prioritize URLLC SR PUCCH
Deprioritize eMBB PUSCH
	RAN2



For all the cases of PUCCHs overlapping and PUCCH/PUSCH overlapping, we have the proposal:
Proposal 7. Consider the following cases for intra-UE prioritization/multiplexing behaviours in RAN1.
	
	URLLC HARQ-ACK PUCCH
	URLLC SR PUCCH
	URLLC DG/CG PUSCH

	eMBB HARQ-ACK PUCCH
	Prioritize URLLC HARQ-ACK
Deprioritize eMBB HARQ-ACK
	Prioritize URLLC SR
Deprioritize eMBB HARQ-ACK
	Prioritize URLLC PUSCH
Deprioritize eMBB HARQ-ACK PUCCH

	eMBB SR PUCCH
	Prioritize URLLC HARQ-ACK
Deprioritize eMBB SR
	RAN2
	RAN2

	P/SP-CSI PUCCH or SP PUSCH
	Prioritize URLLC HARQ-ACK
Deprioritize CSI
	Prioritize URLLC SR
Deprioritize CSI
	Prioritize URLLC PUSCH
Deprioritize CSI PUCCH/PUSCH

	eMBB DG/CG PUSCH
	Prioritize URLLC HARQ-ACK PUCCH
Deprioritize eMBB PUSCH
	Prioritize URLLC SR PUCCH
Deprioritize eMBB PUSCH
	RAN2



[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1. Sub-slot-based HARQ-ACK feedback procedure can be further studied for URLLC transmission.
Proposal 2. PDSCH grouping method can be used to distinguish URLLC and eMBB traffic.
Proposal 3. MCS-C-RNTI and/or DCI format scheduling Rel-16 URLLC can be used to identify URLLC traffic. 
Proposal 4. Only two HARQ-ACK codebooks can be simultaneously supported for a UE.
Proposal 5. Use separate HARQ-ACK PUCCH resource sets for URLLC and eMBB.
Proposal 6. Use separate HARQ-ACK multiplexing windows for URLLC and eMBB.
Proposal 7. Consider the following cases for intra-UE prioritization/multiplexing behaviours in RAN1.
	
	URLLC HARQ-ACK PUCCH
	URLLC SR PUCCH
	URLLC DG/CG PUSCH

	eMBB HARQ-ACK PUCCH
	Prioritize URLLC HARQ-ACK
Deprioritize eMBB HARQ-ACK
	Prioritize URLLC SR
Deprioritize eMBB HARQ-ACK
	Prioritize URLLC PUSCH
Deprioritize eMBB HARQ-ACK PUCCH

	eMBB SR PUCCH
	Prioritize URLLC HARQ-ACK
Deprioritize eMBB SR
	RAN2
	RAN2

	P/SP-CSI PUCCH or SP PUSCH
	Prioritize URLLC HARQ-ACK
Deprioritize CSI
	Prioritize URLLC SR
Deprioritize CSI
	Prioritize URLLC PUSCH
Deprioritize CSI PUCCH/PUSCH

	eMBB DG/CG PUSCH
	Prioritize URLLC HARQ-ACK PUCCH
Deprioritize eMBB PUSCH
	Prioritize URLLC SR PUCCH
Deprioritize eMBB PUSCH
	RAN2
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