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1. Introduction
[bookmark: _Hlk4423604]In the RAN#85 meeting, the objective for NR intra-UE prioritization/multiplexing was revised as below [1]: 
· [bookmark: _Hlk20500478]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 (L1 multiplexing of services of different priority is out of scope):
· 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 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 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. At last, we discussed UL intra-UE transmission prioritization for NR URLLC. 
2. More than one PUCCH with HARQ-ACK within a slot
In RAN1 #98 meeting, following agreements were achieved [2]:
	Agreements:
At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.
· At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.
· FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.
· For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.
· FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots
· FFS for other sub-slot configurations, if any.
· FFS: If a PUCCH resource across sub-slot boundary is supported.


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 and configured with CA, as shown in Fig.1 below, it is necessary to allow one or more cells 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 [3]. Therefore, Type I HARQ-ACK codebook should be supported for Rel.16 UE supporting URLLC traffic.
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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
In RAN1 #98 meeting, it was agreed that two sub-slot configurations for PUCCH “(2-symbol x 7)” and “(7-symbol x 2)” are supported. Whether other sub-slot configurations are supported or not is FFS. Supporting multiple options of sub-slots length can provide more flexibility, which is beneficial for different services with different requirements. in addition, 4 monitoring occasions within one slot is one important configuration to meet the 1ms latency requirement [4]. Correspondingly, 4-symbol sub-slot PUCCH should be supported. To accommodate the slot length consisting of 14 symbols, some specified sub-slot patterns can be configured within a slot for a given UE, e.g., 4/3/3/4 pattern. An example is given in Fig. 2.
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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, 4-symbol should be supported.
· Sub-slot pattern(s) e.g. {4/3/4/3} is/are specified for 4/3-symbol sub-slot PUCCH.  

PUCCH resource configuration
For sub-slot based HARQ-ACK feedback, whether allowing PUCCH resource across sub-slot boundary or not is still FFS. Some considerations are given below:
· If PUCCH resource is not allowed to cross sub-slot boundary, length of PUCCH resource is restricted in a sub-slot. It seems simple but it has impact on PUCCH coverage especially in case sub-slot is 2-symbol. 
· If PUCCH resource is allowed to cross sub-slot boundary, the sub-slot is just nominal unit for timing indication, PUCCH resource with different lengths can be used for UE by scheduling based on latency and coverage requirement. One concern for allowing PUCCH resource across sub-slot boundary is that the PUCCH collision in different sub-slots will happen. However, the collision case can be avoided by UE implementation, i.e., dynamically selection of the PUCCH resource by PRI in the DCI.
Therefore, it is preferred to support PUCCH resource across sub-slot boundary.

Proposal 3:
· For sub-slot-based HARQ-ACK feedback procedure, support PUCCH cross sub-slot boundary.

3. Separate HARQ-ACK codebook construction for different service types
In RAN1 #98 meeting, following agreements were achieved [2]:
	Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, following can be separately configured for different HARQ-ACK codebooks:
· PUCCH-SpatialRelationInfo
· Sub-slot configuration (only applied for the sub-slot-based HARQ-ACK codebook)
· FFS whether or not to support the case when there are at least two HARQ-ACK codebooks configured with sub-slots, with the same or different sub-slot configurations
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


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. 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 by increasing the DCI overhead. Hence, it is more beneficial for aperiodic and non-deterministic traffic. Based on above, both semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook should be supported for different service types/use cases. 
Proposal 4:
· Both semi-static and dynamic HARQ-ACK codebook should be supported 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 a HARQ-ACK codebook is needed. Followings need to be taken into account:
· Dynamic PDSCH
· SPS PDSCH
· SPS PDSCH release 
For dynamic scheduled PDSCH, our views are given for possible options as following:
· By DCI format: Although new DCI format is introduced for Rel.16 [2], it is unnecessary to link the new DCI format to one service type. It is restrictive to prevent gNB from using Rel-15 DCI formats to schedule URLLC traffic. 
· By RNTI: 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. Besides, it may increase false alarm probability. 
· By CORESET/search space: It also imposes some unnecessary constraints on scheduling, since some CORESETs or search spaces can only be used for URLLC or eMBB. In addition, BD will be increased. 
· By explicit indication in DCI. It can provide the best flexibility for gNB scheduling and it does not require BD increase. The drawback of this option is overhead increase. However, we think 1-bit overhead is still affordable considering the benefits. Other fields can be compressed to make some room for it. Therefore, this option is preferred.
For SPS PDSCH and SPS PDSCH release, a union method for identifying a HARQ-ACK codebook by explicit indication in DCI is preferred. Based on the analysis, following is proposed:
Proposal 5:
· For PHY identification for identifying a HARQ-ACK codebook for different services
· Support to use explicit indication in scheduling DCI for dynamic PDSCH
· Support to use explicit indication in activation DCI for SPS PDSCH
· Support to use explicit indication in deactivation DCI for SPS PDSCH release

4. UL intra-UE transmission prioritization/multiplexing
In RAN1 #98 meeting, following agreements were achieved [2]:
	Agreements:
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)
Agreements:
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, the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.
Email discussion on how to determine the priority of SR, A/N, and PUSCH in PHY till next meeting – Jia (OPPO)



How SR priority is known in PHY layer
A working assumption was made that SR priority is known at PHY layer. Three options for SR being known at PHY layer 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.
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Fig.3 Example for introducing a SR priority parameter in RRC configuration
· [bookmark: _Hlk20758255]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 details 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 simple method and provide full flexibility at gNB side. It avoids defining complex mapping between logical channels and SR configurations. 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. More specification effort is needed.  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. Based on the analysis, following is 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), e.g., SchedulingRequestResourceConfig or SchedulingRequestConfig.

How PUSCH priority is known in PHY layer
For specifying prioritization behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities [1], PUSCH priority should be known at PHY so that UE can handling the collision scenarios effectively.  Following alternatives can be considered to determine PUSCH priority at PHY layer:
· Alt.1: MAC delivers PUSCH priority to PHY layer, the PUSCH priority is defined based on logical channel priority.
· Alt.2: for DG, PUSCH priority is indicated by DCI; for CG, PUSCH priority is configured by RRC configuration .
For Alt.1, since PUSCH priority is derived based on the logical channel priority by UE, the PUSCH priority information would not be known in gNB side. When collision between two PUSCHs with different priority and UCI with low priority happens, gNB doesn’t know whether UCI is piggybacked on PUSCH or UCI is dropped. Alt.2 is simple and can avoid misunderstanding between gNB and UE. For dynamic PUSCH or Type-2 configured grant, explicit indication in scheduling DCI or activation DCI is sufficient, which also aligns with the HARQ-ACK codebook identification for dynamic PDSCH or SPS PDSCH. For Type-1 configured grant, similar with SR, one PUSCH priority parameter can be introduced in RRC configuration. Based on the above analysis, Alt.2 is preferred.
Proposal 7:
· The PUSCH priority is known at PHY layer by:
· Explicit indication in scheduling DCI for DG PUSCH and Type-2 CG PUSCH
· Explicit configured by RRC for Type-1 CG PUSCH
Whether and how CSI priority is known in PHY layer
For SP-CSI/P-CSI, it is not necessary to distinguish whether the CSI report is for URLLC or eMBB. While for A-CSI, it is not clear what the priority is for A-CSI report triggered by DCI scheduling URLLC PUSCH with and without UL-SCH. A simple and felxible way is to re-use the priority indication in UL grant for DG PUSCH to determine the priority for A-CSI report.
Proposal 8:
· For A-CSI report triggered by URLLC UL grant without UL-SCH, the priority indication for DG PUSCH is reused to determine the priority for A-CSI report.

UL Intra-UE multiplexing/prioritization
In RAN #85 meeting, for intra-UE collision case handling for data/control and control/control, it was agreed that UL intra-UE multiplexing for services with different priority is out of scope in both RAN1 and RAN2 in Rel-16 [1].  Regarding the UL intra-UE collision case handling, following two aspects need to be taken into account:
· Resource collision between channels with different priorities
In case of resource collision between channels with different priorities, since intra-UE multiplexing would not be considered in Rel.16, one natural way is UE directly drop the channel with low priority. More specifically,
· For resource collision between PUCCH for URLLC HARQ-ACK/SR and PUCCH for eMBB SR, drop the PUCCH for eMBB SR.
· For resource collision between PUCCH for URLLC HARQ-ACK/SR and PUCCH for eMBB HARQ-ACK, drop the PUCCH for eMBB HARQ-ACK.
· For resource collision between PUCCH for URLLC HARQ-ACK/SR and PUCCH for CSI, drop the PUCCH for CSI.
· For resource collision between PUSCH for URLLC and PUCCH for eMBB SR/HARQ-ACK, drop the PUCCH for eMBB SR/HARQ-ACK.
· For resource collision between PUCCH for URLLC HARQ-ACK/SR and PUSCH for eMBB, drop the eMBB PUSCH.
· Resource collision between channels with the same priority
In case of resource collision between channels with same priority, a general handling rule is to reuse Rel-15 multiplexing rule as baseline. While for collision case between URLLC SR and URLLC HARQ-ACK, whether to directly follow Rel.15 multiplexing rule is controversial [2]. In case HARQ with PF1 collides with SR with PF0, if SR is dropped, it may cause the delay for URLLC UL transmission. However, it is not necessary to optimize such case for a given UE, given the similar reliability/coverage requirement. 
Proposal 9:
· For UL intra-UE collision case handling,
· In case of resource collision between channels with different priorities, UE directly drops the channel with low priority. 
· In case of resource collision between channels with same priority, reuse Rel-15 multiplexing rule as baseline.

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, 4-symbol should be supported.
· Sub-slot pattern(s) e.g. {4/3/4/3} is/are specified for 4/3-symbol sub-slot PUCCH.  
Proposal 3:
· For sub-slot-based HARQ-ACK feedback procedure, support PUCCH cross sub-slot boundary.
Proposal 4:
· Both semi-static and dynamic HARQ-ACK codebook should be supported 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:
· For PHY identification for identifying a HARQ-ACK codebook for different services
· Support to use explicit indication in scheduling DCI for dynamic PDSCH
· Support to use explicit indication in activation DCI for SPS PDSCH
· Support to use explicit indication in deactivation DCI for SPS PDSCH release
Proposal 6:
· The SR priority is known in PHY layer by:
· Introducing a SR priority parameter in RRC configuration for SR PUCCH resource(s), e.g., SchedulingRequestResourceConfig or SchedulingRequestConfig.
Proposal 7:
· The PUSCH priority is known at PHY layer by:
· Explicit indication in scheduling DCI for DG PUSCH and Type-2 CG PUSCH
· Explicit configured by RRC for Type-1 CG PUSCH
Proposal 8:
· For A-CSI report triggered by URLLC UL grant without UL-SCH, the priority indication for DG PUSCH is reused to determine the priority for A-CSI report.
Proposal 9:
· For UL intra-UE collision case handling,
· In case of resource collision between channels with different priorities, UE directly drops the channel with low priority. 
· In case of resource collision between channels with same priority, reuse Rel-15 multiplexing rule as baseline.
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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




