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1. Introduction
[bookmark: _Hlk4423604]In RAN1 #97 meeting, following agreements related to UCI enhancements for the URLLC were achieved [1]:
	Agreements:
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. 
· Use UL numerology to define the sub-slot grid for PDSCH-to-sub-slot association.
· FFS: The configurable value range of K1 needs to be extended, and impact to related DCI field bitwidth.
· Note: It has been agreed that K1 is defined following R15 approach but in unit of sub-slot.
Agreements:
For sub-slot-based HARQ-ACK feedback procedure, the starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot
· For a given sub-slot configuration, a UE can be configured with PUCCH resource set(s)
· FFS same or different PUCCH resource sets can be configured for different sub-slots within a slot.
Agreements:
· When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, all Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks except for following:
· FFS: For PUCCH-SpatialRelationInfo
· Note: SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList are not related to HARQ-ACK feedback.
· FFS: For other UCI types, e.g. SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList.
· FFS: At least one HARQ-ACK codebook follows R15 PUCCH configuration.
Conclusion:
Further study the collision scenarios in the table below:
· Companies are encouraged to fill in solutions, e.g. multiplexing, priorization, for each scenario.
· A company can input “not related to RAN1” in one entry.
· A company can input the priority of study for one entry.
· Consider R15 as the starting point for collisions between two URLLC UCIs.
· FFS: Collision between more than two channels.
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Working assumption:
[bookmark: _Hlk9138835]Support that SR priority (e.g. high or low priority) is known at PHY layer. 
· FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions. 
· FFS how the SR priority is known


In this contribution, we firstly discuss how to support sub-slot based HARQ-ACK feedback for more than one PUCCH within one slot. Then we discuss separate HARQ-ACK codebook construction for different service types. In addition, UL intra-UE transmission prioritization/multiplexing for NR URLLC is also discussed in our contribution. 
2. More than one PUCCH with HARQ-ACK within a slot
Whether sub-slot based HARQ codebook construction is applied for Type I HARQ-ACK codebook
It has been agreed that HARQ codebook construction in Rel.15 is applied in the unit of sub-slot for Type II HARQ-ACK codebook. While it is still FFS for Type I HARQ-ACK codebook. For a UE supporting both eMBB and URLLC services, if CA is configured, as shown in Fig.1 below, one or more cells are allowed to be dynamically assigned for URLLC traffic. The motivation to support Type I HARQ-ACK codebook in Rel.15 still holds for Rel.16 URLLC. Type I HARQ-ACK codebook allows loose coordination between CCs so that each CC may not need to know how the packets are scheduled when PDCCH is created. In addition, Type I HARQ-ACK codebook without DAI is beneficial especially for the scenario of periodic and deterministic traffic. For multiple DL SPS configurations with SPS periodicities larger than one slot, Type I HARQ-ACK codebook can support the HARQ-ACK feedback for the multiple SPS PDSCHs with almost no specification impacts [2]. Therefore, Type I HARQ-ACK codebook should be supported for Rel.16 UE supporting URLLC traffic.
[image: ]
Fig.1 Example for CCs dynamically assigned for URLLC traffic
[bookmark: _Hlk15547977]Proposal 1:
· For sub-slot based HARQ-ACK feedback procedure, Type I HARQ-ACK codebook should be supported.

Number or length of UL sub-slots in a slot
For the number or the length of UL sub-slots in a slot, further discussion is needed, for example, what is the possible length of the UL sub-slot and whether different UL sub-slots can be configured with the different lengths. At least the length of 7-symbol and 2-symbol can be support as UL sub-slot. To accommodate the slot length consisting of 14 symbols, different sub-slot length can be configured within a slot for a given UE, e.g., 4/3/3/4 pattern. An example is given in Fig. 2.
[image: ]
Fig.2 a sub-slot pattern of (4/3/3/4)
[bookmark: _Hlk15549421]Proposal 2:
· For the length of UL sub-slots in a slot, at least 2-symbol and 7-symbol sub-slot length should be supported.
· FFS other number of sub-slot and sub-slot length to efficiently co-exist with the slot length.

PUCCH resource set(s) configuration and determination 
In the RAN1 #97 meeting, it was agreed that a UE can be configured with PUCCH resource set(s) for a given sub-slot configuration. However, there are still two issues for PUCCH resource configuration that need to be further discussed. One is whether same or different PUCCH resource sets can be configured for different sub-slots within a slot; another is whether to allow PUCCH resource for sub-slot based HARQ-ACK cross sub-slot boundary or not. Taking both issues into consideration, the following four options for PUCCH resource configuration can be considered:
· Option 1: Same PUCCH resource sets are configured for different sub-slots within a slot. PUCCH resource in the PUCCH resource set is allowed to cross sub-slot boundary. 
· Option 2: Different PUCCH resource sets are configured for different sub-slots within a slot. PUCCH resource in the PUCCH resource set is allowed to cross sub-slot boundary.
· Option 3: Same PUCCH resource sets are configured for different sub-slots within a slot. PUCCH resource in the PUCCH resource set is not allowed to cross sub-slot boundary.
· Option 4: Different PUCCH resource sets are configured for different sub-slots within a slot. PUCCH resource in the PUCCH resource set is not allowed to cross sub-slot boundary.
[bookmark: _Hlk16507044]For option 1, since PUCCH resource is allowed to cross sub-slot boundary, it is flexible for gNB to configure different PUCCH length in one PUCCH resource set for a UE. Therefore, it is sufficient for a UE to satisfy different coverage and UCI payload requirements with same PUCCH resource sets configuration for different sub-slots within a slot. Compared with option 1, option 2 allows different PUCCH resource set configured for different sub-slots. Therefore, it is the most flexible way but at the cost of large RRC overhead. For a given UE with certain traffic types, it is not sure whether such flexibility is necessary.  Option 3 is the simplest configuration method. In this case, collision for PUCCH resources in different sub-slots will not happen.  However, if sub-slot PUCCH repetition is not supported, the coverage performance of PUCCH can’t be guaranteed especially for short sub-slot length configuration.  Option 4 requires large RRC overhead while the benefit of such configuration is not clear.  
Based on above analysis, considering the trade-off between configuration flexibility and RRC configuration overhead, option 1 is better. Therefore, option 1 is our first preference, option 2 is second, and option 3 is third.
Proposal 3:
· Support PUCCH resource set(s) configuration for sub-slot based HARQ-ACK feedback
· Same PUCCH resource sets can be configured for different sub-slots within a slot.
· PUCCH resource in the set is allowed to cross the sub-slot boundary.

3. Separate HARQ-ACK codebook construction for different service types
General aspects on HARQ-ACK codebooks for different traffic types 
For a Rel.16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE. One question is whether different HARQ-ACK codebook type can be configured for different services or not. Semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook have different advantages and are useful in different scenarios. For instance, semi-static HARQ-ACK codebook does not require DAI field and thus saves the DCI overhead and offers robustness for PDCCH miss detection, while it increases the UCI overhead. Therefore, it is more proper for the scenario of periodic and deterministic traffic. Dynamic HARQ-ACK codebook can save the UCI overhead while increase the DCI overhead. Hence, it is more beneficial for aperiodic and non-deterministic traffic. From the above analysis, we can see the HARQ-ACK codebook type configuration for different services is dependent on the use cases and scenarios. Therefore, both semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook should be supported for multiple HARQ-ACK codebooks for different service types. 
Proposal 4:
· Both semi-static and dynamic HARQ-ACK codebook should be supported for different service types in case of multiple HARQ-ACK codebooks for different service types. Depending on the use cases/scenarios, the following can be configured:
· Semi-static HARQ-ACK codebook for both service types;
· Dynamic HARQ-ACK codebook for both service types;
· Semi-static HARQ-ACK codebook for eMBB service type, while dynamic HARQ-ACK codebook for URLLC service type;
· Dynamic HARQ-ACK codebook for eMBB service type, while semi-static HARQ-ACK codebook for URLLC service type.

PHY identification for identifying a HARQ-ACK codebook
To support simultaneously HARQ-ACK codebook construction for different service types for a UE, PHY identification for identifying a HARQ-ACK codebook is needed. The following options was agreed for down-selection [3]:
· Option 1: By DCI format
· Option 2: By RNTI
· Option 3: By explicit indication in DCI
· Option 4: By CORESET/search space
[bookmark: _Hlk7532718]For option 1, new DCI format introduced in Rel.16 for supporting URLLC traffic only is not decided yet. It is also not reasonable that new DCI format only can be used to schedule URLLC traffic. This option imposes the constrains on scheduling DCI. Furthermore, if multiple services will be supported in future, then more new DCI formats may be needed, which will need more specification work and increase the PDCCH blind complexity.
For option 2, if MCS-C-RNTI is used for identifying a HARQ-ACK codebook for URLLC traffic, it is not forward compatible if more than two services will be supported in future. If new RNTI is introduced for URLLC traffic only, it will increase false alarm probability. 
For option 3, explicit indication in DCI is used to identify a HARQ-ACK codebook. With 1-bit DCI overhead, it can provide the best flexibility for gNB scheduling. Therefore, this option is the most preferred one.
For option 4, it also imposes some unnecessary constraint on scheduling, since some CORESETs or search spaces can only be used for URLLC or eMBB, then resource of PDCCH for one service is limited.
Based on the analysis, following is proposed:
Proposal 5:
· Support to use explicit indication in DCI for identifying a HARQ-ACK codebook for different services.

4. UL intra-UE transmission prioritization/multiplexing
How SR priority is known in PHY layer
In the RAN1 #97 meeting, a working assumption was made that SR priority is known at PHY layer. While how the SR priority is known in PHY layer needs to be further discussed. Three options can be considered as below:
· Option 1: Introduce a SR priority parameter in RRC configuration for SR PUCCH resource(s) so that PHY layer can interpret the priority of SR by PUCCH resource configuration. For example, introduce the SR priority for the SR configuration with schedulingRequestId in RRC parameter schedulingRequestResourceConfig.
[image: ]
Fig.3 Example for introducing a SR priority parameter in RRC configuration
· Option 2: MAC delivers SR priority to PHY layer, the SR priority is defined based on the priority of LCHs associated with the SR configuration. There are 16 priority level for LCHs, while at most 8 SR configurations can be configured for the UE, hence a mapping rule between SR priority level and LCH priority level is needed. The detail for the mapping rule definition is up to RAN2.
· Option 3: A SR priority is defined in PHY layer based on one or more SR transmission parameters, e.g., SR periodicity or PUCCH duration for SR. One SR configuration with shorter PUCCH length and/or shorter SR periodicity has a higher priority.
Option 1 is a direct and simple method. It only needs to decide where to introduce the SR priority in RRC configuration. For option 2, since a UE can be configured at most 8 SR configurations and there are 16 priority level for LCHs, the mapping rule between LCH priority level and SR priority level needs to be defined. It will need more specification effort.  For option 3, much efforts are also required to reach the consensus on which parameter(s) and how to use the parameter(s) to define the SR priority. It will also impose the restriction on SR configuration for gNB, since some SR transmission parameters can only be configured for one service.
Based on the analysis, following was proposed
Proposal 6:
· The SR priority is known in PHY layer by:
· Introducing a SR priority parameter in RRC configuration for SR PUCCH resource(s).

UL Intra-UE multiplexing/prioritization
In the RAN1 #97 meeting, a conclusion was reached to further study the collision scenarios of UL intra-UE multiplexing/prioritization. Our views on handling rule for these collision scenarios are summarized in the table below, more details can be referred to our input in the email discussion [97-NR-05].
TABLE 2 Intra UE multiplexing/prioritization for collision between control/control and control/data
	 Collision cases
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	 
	 
	 
	 

	URLLC HARQ-ACK
	Reuse Rel-15 rule as baseline. 
	 
	 
	 

	CSI
	Drop CSI 
	Drop CSI
	 
	 

	URLLC PUSCH
	Reuse Rel-15 rule, drop SR
	MUX HARQ-ACK in PUSCH same as in Rel-15 when timeline is satisfied; otherwise drop the HARQ-ACK (different from Rel.15 that when timeline is not satisfied, it is treated as error case).
	Reuse Rel-15 rule as baseline. (introduce new Beta_offset values)
	 

	eMBB SR
	Drop eMBB SR
	Reuse Rel-15 multiplexing rule as baseline.
	Reuse Rel-15 rule.
	Reuse Rel-15 rule, drop SR.

	eMBB HARQ-ACK
	Reuse Rel-15 multiplexing rule for all SR and HARQ-ACK collision cases except for eMBB HARQ-ACK with PF1 vs URLLC SR with PF0. For such case, drop eMBB HARQ-ACK.
	Whether multiplexing URLLC HARQ-ACK and eMBB HARQ-ACK in one PUCCH can be controlled by gNB or can be determine by UE with pre-defined rule.
	Reuse Rel-15 rule.
 
 
	When timeline is satisfied, multiplex eMBB HARQ-ACK on URLLC PUSCH with suitable  Beta_offset configured/indicated by NW, otherwise drop eMBB HARQ-ACK. 

	eMBB PUSCH
	Multiplexing URLLC SR (both negative and positive) in eMBB PUSCH by rate-matching.
	Piggyback URLLC HARQ-ACK on eMBB PUSCH when timeline is satisfied, otherwise drop the eMBB PUSCH.
	Reuse Rel-15 rule
	Once the two PUSCHs with either resource collision or out-of-order are delivered to PHY layer, PHY layer should handle it.
For collision case, PHY should stop the transmission of PUSCH with lower priority assuming the priority for PUSCH is ‘known’ in PHY layer.
About OOO case, it is better to be discussed in processing timeline session. 



5. Conclusion
In this contribution, we discussed the possible UCI enhancements and intra-UE multiplexing for URLLC. Our proposals are summarized as follows: 
Proposal 1:
· For sub-slot based HARQ-ACK feedback procedure, Type I HARQ-ACK codebook should be supported.
Proposal 2:
· For the length of UL sub-slots in a slot, at least 2-symbol and 7-symbol sub-slot length should be supported.
· FFS other number of sub-slot and sub-slot length to efficiently co-exist with the slot length.
Proposal 3:
· Support PUCCH resource set(s) configuration for sub-slot based HARQ-ACK feedback
· Same PUCCH resource sets can be configured for different sub-slots within a slot.
· PUCCH resource in the set is allowed to cross the sub-slot boundary.
Proposal 4:
· Both semi-static and dynamic HARQ-ACK codebook should be supported for different service types in case of multiple HARQ-ACK codebooks for different service types. Depending on the use cases/scenarios, the following can be configured:
· Semi-static HARQ-ACK codebook for both service types;
· Dynamic HARQ-ACK codebook for both service types;
· Semi-static HARQ-ACK codebook for eMBB service type, while dynamic HARQ-ACK codebook for URLLC service type;
· Dynamic HARQ-ACK codebook for eMBB service type, while semi-static HARQ-ACK codebook for URLLC service type.
Proposal 5:
· Support to use explicit indication in DCI for identifying a HARQ-ACK codebook for different services.
Proposal 6:
· The SR priority is known in PHY layer by:
· Introducing a SR priority parameter in RRC configuration for SR PUCCH resource(s).
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SchedulingRequestResourceConfig ::= SEQUENCE {
schedulingRequestResourcelId SchedulingRequestResourceld,
schedulingRequestiD SchedulingRequestid, schedulingRequestRriority is associated with the SR
periodicityAndOffset CHOICE { configuration with schedulingRequestID
sym2 NULL,
syméor7 NULL,
s11 NULL, - lot
s12 INTEGER (0..1),
sl4 INTEGER (0..3),
s15 INTEGER (0..4),
s18 INTEGER (0..7),
s110 INTEGER (0..9),
slle INTEGER (0..15),
s120 INTEGER (0..19),
5140 INTEGER (0..39),
s180 INTEGER (0..79),
s1160 INTEGER (0..159),
51320 INTEGER (0..319),
s1640 INTEGER (0..639)
} OPTIONAL, -

resource PUCCH-Resourceld OPTIONAL -1




