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Introduction
Intra-UE prioritization in Rel-16 encompasses functionality in both RAN1 and RAN2. RAN1 specifications include the notion of two priority levels to allow prioritization of physical resources. RAN2 specifications include a new mechanism for prioritization of UL data based on LCH priority and LCP restrictions. As discussed in previous RAN2 meetings, no fundamental problem is foreseen if both prioritization mechanisms are configured jointly. On the other hand, if the two mechnisms remain fully independent, some level of coordination is required between L1 and higher layers. 
Per the RAN2 assumption from the RAN2#109bis-e the two features are considered independently configured.
	R2 assumes that PHY-based prioritization and LCH-based prioritization are configured independently and one can be configured without the other (assumption may be modified when LS reply from R1 is received)


The MAC behavior for the different combinations of PHY-based and LCH-based prioritization was discussed further in RAN2#111e. What is not yet concluded is whether additional configuration restrictions are required. Following is the outcome of the RAN2#111e meeting in this manner.
	Postpone the discussion on additional conditions for Phy Priority and L2 priority feature (assume this can be added later). 


The Rel-16 definition of intra-UE prioritization is mostly complete. This paper aims to address the remaining issues on intra-UE prioritization. We also continue the discussion of implicit/explicit configuration for PHY-based and LCH-based prioritization, taking into consideration the newly defined UE capability for ul-IntraUE-Mux. 
Analysis of leftover issues
Proposals to conclude on related parameter configurations for PHY-based and LCH-based prioritization 
Consideration of the newly defined UE capability for intra-UE prioritization
Potential for a LS to RAN1 about explicit RRC configuration-based enablement of PHY-based prioritization

Discussion of Configuration Parameters
This section provides a short analysis and discussion of RRC parameters, UE capabilities and prerequisites associated with the use of intra-UE prioritization in Rel-16.
Intra-UE Prioritization in Downlink
We first analyze the configuration parameters for intra-UE prioritization in downlink. As MAC does not handle intra-UE prioritization in DL the parameters in this section are related with RRC/L1 control of the physical layer. Table 1 provides a summary. 
For simplicity reasons, parameters for HARQ-ACK codebook indices such as harq-CodebookID associated with the support of two HARQ-ACK codebooks are not listed explicitly. These parameters are internal to RAN1 and there is no impact on the prioritization handling in RAN2. The possible number of HARQ-ACK codebooks directly links with the PHY-priority levels that are configurable for SPS PDSCH or dynamic PDSCH assignments. 
Table 1: Parameters for PHY prioritization in downlink
	RRC parameter / description
	Configuration type
	UE capability
	Prerequisites & dependencies
	Comment

	PDSCH-Config-> priorityIndicatorDCI-1-1-r16
Configures the presence of "priority indicator" in DCI format 1_1.
	explicit parameter but multiple implicit dependencies
	- twoHARQ-ACK-Codebook-type1-r16 (FG 11-4)
- twoHARQ-ACK-Codebook-type2-r16 (FG 11-4a)
- dci-DL-PriorityIndicator-r16 for mixed DCI formats (FG 11-4b)

	- Support of two priority levels in PHY downlink through RAN1 FG 11-4, FG 11-4a, FG 11-4b.
- Note: FG 11-4 is a prerequisite for 11-4a and 11-4b, so the main dependency is on FG 11-4.
	This parameter configuration is only valid if UE supports twoHARQ-ACK-Codebook-type1-r16.

	PDSCH-Config-> priorityIndicatorDCI-1-2-r16
Configures the presence of "priority indicator" in DCI format 1_2.

	explicit parameter but multiple implicit dependencies
	- twoHARQ-ACK-Codebook-type1-r16 (FG 11-4)
- twoHARQ-ACK-Codebook-type2-r16 (FG 11-4a)
- dci-DL-PriorityIndicator-r16 for mixed DCI formats (FG 11-4b)

	- Support of two priority levels in PHY downlink through RAN1 FG 11-4, FG 11-4a, or FG 11-4b.
- Note: FG 11-4 is a prerequisite for 11-4a and 11-4b, so the main dependency is on FG 11-4.
	This parameter configuration is only valid if UE supports twoHARQ-ACK-Codebook-type1-r16.


UE capability twoHARQ-ACK-Codebook-type1-r16 serves as the main indication for UE support of PHY-based prioritization in downlink. The RRC parameters for configuration of PHY-based prioritization in DL can be associated with UE capability twoHARQ-ACK-Codebook-type1-r16. It is assumed that the network enables these parameters based on UE capability only.
Proposal 1: RRC parameters for configuration of PHY-based prioritization in downlink are applicable based on UE capability and only configurable if the UE indicates support for twoHARQ-ACK-Codebook-type1-r16.

Intra-UE Prioritization in Uplink
In this section we analyze configuration parameters for intra-UE prioritization in uplink. We start with a summary of parameters for PHY-based prioritization and conclude with a summary of parameters for LCH-based priorization.
The parameters in table 2 represent what is commonly referred to as PHY-based prioritization. There is also one additional parameter here and that is the use of UplinkCancellationPriority. Issues related with the latter parameter are described in a separate contribution in [10].
Table 2: Parameters for PHY-based prioritization in uplink
	RRC parameter / description
	Configuration type
	UE capability
	Prerequisites & dependencies
	Comment

	ConfiguredGrantConfig -> phy-PriorityIndex-r16
Indicates the PHY priority of CG PUSCH at least for PHY-layer collision handling.

	explicit

PUSCH/PUSCH cases are implicit
	- ul-IntraUE-Mux-r16 for PUCCH/PUSCH
- None for PUSCH/PUSCH since not fully supported in RAN1 for Rel-16
	Support of two priority levels in PHY uplink
(RAN1 FG 12-1).
	CG/CG and CG/DG scheduling can happen but cancellation and replacement is not supported in RAN1.

	SchedulingRequestResourceConfig-v1610 -> phy-PriorityIndex-r16
Indicates whether this scheduling request resource is high or low priority in PHY prioritization/multiplexing handling.
	explicit

	- ul-IntraUE-Mux-r16 for PUCCH/PUSCH
	Support of two priority levels in PHY uplink
(RAN1 FG 12-1).
	

	LogicalChannelConfig-> allowedPHY-PriorityIndex-r16
This restriction applies only when the UL grant is a dynamic grant.

	implicit based on UE capability indication
	- lch-ToGrantPriorityRestriction-r16 for LCP restriction
	Implicit dependency on support of two priority levels in PHY uplink
(RAN1 FG 12-1).
	Mapping restrictions have to be set properly. If the UE does not support FG 12-1 then the network should not add mapping restrictions adressed to the UE at  priority level 1.

	PUSCH-Config-> priorityIndicatorDCI-0-1-r16
Configures the presence of "priority indicator" in DCI format 0_1.

	explicit parameter but multiple implicit dependencies
	- ul-IntraUE-Mux-r16 for PUCCH/PUSCH (FG 12-1)
- dci-UL-PriorityIndicator-r16 for mixed DCI formats (FG 12-1a)
- None (no UE capability) for PUSCH/PUSCH
	- Support of two priority levels in PHY uplink
(RAN1 FG 12-1, 
12-1a). 
- As FG 12-1 is a prerequisite for FG 12-1a, the main dependency is on FG 12-1.
	This parameter configuration is only valid if UE supports ul-IntraUE-Mux-r16.

	PUSCH-Config-> priorityIndicatorDCI-0-2-r16
Configures the presence of "priority indicator" in DCI format 0_2.

	explicit parameter but multiple implicit dependencies
	- ul-IntraUE-Mux-r16 for PUCCH/PUSCH (FG 12-1)
- dci-UL-PriorityIndicator-r16 for mixed DCI formats (FG 12-1a)
- None (no UE capability) for PUSCH/PUSCH
	- Support of two priority levels in PHY uplink
(RAN1 FG 12-1, 
12-1a). 
- As FG 12-1 is a prerequisite for FG 12-1a, the main dependency is on FG 12-1.
	This parameter configuration is only valid if UE supports ul-IntraUE-Mux-r16.

	UplinkCancellation-> 
uplinkCancellationPriority-r16
Configures uplink cancellation behavior if both UL CI and intra-UE priority indicator are configured for a given UE.
	explicit parameter but implicit dependency
	- ul-IntraUE-Mux-r16 for PUCCH/PUSCH
- None (no UE capability) for PUSCH/PUSCH
- Support of UL CI (inter-UE prioritization)
	- An active configuration of intra-UE prioritization exists.
- An active configuration of UL CI exists.
	The term ‘intra-UE priority indicator’ is undefined. 


The parameters in table 2 are related with PHY-based prioritization in uplink. The main UE capability for these features is defined by RAN1 through FG 12-1, this includes the notion of two priority levels in the physical layer. The September 2020 release of TS 38.306 adds a UE capability called ul-intraUE-Mux-r16 to indicate support of PHY-based prioritization in uplink. RRC parameters for configuration of PHY-based prioritization in UL can be associated with UE capability ul-intraUE-Mux-r16. It is assumed that the network enables these parameters based on UE capability only. 
Proposal 2: RRC parameters for configuration of PHY-based prioritization in uplink are applicable based on UE capability and only configurable if the UE indicates support of ul-intraUE-Mux-r16.
In addition, parameter uplinkCancellationPriority requires an active configuration of both UL CI and intra-UE prioritization in uplink. Our contribution in [10] provides further details on the configurability aspects of uplinkCancellationPriority including the possible definition of a global parameter for PHY-based prioritization in uplink.
Considering that Rel-16 mostly concentrates on intra-UE prioritization and L1 multiplexing is going to be addressed in Rel-17, the parameter name of ul-intraUE-Mux-r16 may be adjusted. 
Proposal 3: To better align with the main functionality in Rel-16, it can be discussed if the capability name of ul-intraUE-Mux-r16 can be adjusted (e.g., ul-IntraUE-Prioritization-r16).

Finally we list in table 3 the configuration parameters for LCH-based prioritization in uplink. The network enables LCH-based prioritization in the corresponding MAC entity through the global configuration parameter lch-basedPrioritization. Autonomous Transmission requires support of LCH-based prioritization.
Table 3: Parameters for LCH-based prioritization in uplink
	RRC parameter / description
	Configuration type
	UE capability
	Prerequisites & dependencies
	Comment

	MAC-CellGroupConfig-> 
lch-BasedPrioritization
Configures the MAC entity of the UE with prioritization between overlapping grants and between scheduling request and overlapping grants based on LCH priority.
	explicit
	- lch-PriorityBasedPrioritization-r16 for intra-UE prioritization in MAC
	Nothing other than support of lch-PriorityBasedPrioritization-r16.
	

	ConfiguredGrantConfig->  autonomousTx-r16
Configures the Configured Grant configuration with autonomous transmission.
	explicit
	- autonomousTransmission-r16 for autonomous transmission in MAC
	- A UE that supports  autonomousTransmission-r16 shall also support 
PriorityBasedPrioritization-r16.
- Enablement of LCH-BasedPrioritization is a precondition for this feature.
	


Following observation can be drawn from the analysis in table 3. 
Observation 1: The network explicitly enables LCH-based prioritization through a global configuration parameter.

Configuration Options for PHY/LCH-based Prioritization
In RAN2#111e the handling of overlapping grants was discussed for different combinations of PHY-based and LCH-based prioritization, assuming independent configuration of the two features. Table 4 has an summary. 
Table 4: Combination of PHY/LCH-based prioritization with respect to generation/delivery of MAC PDUs
	
	LCH-based prioritization not configured
	LCH-based prioritization configured

	PHY-based prioritization not active
	Agreement in RAN2#111e based on proposal 3 in [4]:
=> For the case where both LCH and PHY based prioritization are not configured, it is up to UE implementation on how overlapped configured grants are treated at MAC and delivered to PHY (UE should try to choose one)
	- Majority of companies commented in email discussion 044 [4] that this case “can be handled at MAC in the same way as the cases where the overlapping grants have the same L1 priority” [5].
- It was agreed in RAN2#111e email discussion 044 [4] that “the current MAC specification can handle this scenario and ensure that there is only one MAC PDU delivered to PHY”.

	PHY-based prioritization active
	According to P2 in RAN2#111e email discussion 044 [4]:
- For CG-CG overlaps, it is up to UE implementation to deliver one MAC PDU to PHY;
-  For CG-DG and SR-Data overlap, the MAC procedures will fall back to Rel-15 behaviour.
	The current MAC specification covers this configuration and needs no clarification.
According to P4 in RAN2#111e email discussion 044 [4]:
- For the case where both LCH and PHY prioritization are configured, RAN2 confirms for the CG - CG overlap case with equal priority L1 grants, MAC will generate and deliver only one PDU to PHY.


As a result, conditions for generation and delivery of MAC PDUs got clarified in the MAC spec. What is still open are the configurability aspects with respect to configuration restrictions or potential joint configuration of PHY-based and LCH-based prioritization. 

Configuration of PHY-based prioritization in UL
Based on email discussion 044 in [4] (question 5b in particular), many companies commented that it would be beneficial if PHY-based prioritization can be explicitly configurable through a global RRC parameter. Currently no configuration parameter exists to enable the PHY-based prioritization. In order to limit the risk for unaligned parameter settings due to the two prioritization mechanisms being independent, LCH-based and PHY-based prioritization should at least follow the same configuration methodology. LCH-based prioritization is configurable based on UE capability. We propose to adopt the same methodology for PHY-based prioritization as well. 
Furthermore we refer to the companion paper in [10] which discusses another aspect related with the global parameter config with respect to parallel configuration of intra-UE prioritization and UL CI. The specifications can use the PHY-based prioritization parameter to treat additional cases that cannot be sufficiently handled by a) UE implementation or b) fallfack to Rel-15.
Proposal 4: Introduce a global configuration parameter for PHY-based prioritization in uplink. The aims is to follow the same methodology as for LCH-based configuration. 
As PHY-based prioritization is physical layer feature it would be up to RAN1 to identify the need for a new parameter. Such a parameter would help retain a consistent configuration of LCH-based and PHY-based prioritization, and it would also help in case the configuration will be bundled in the future. 
Proposal 5: RAN2 to discuss if a LS to RAN1 is required.

Configuration of PHY-based prioritization in DL
When only prioritization of two HARQ-ACK codebooks is needed for DL services, RAN2 may discuss whether PHY-based prioritization can be configured without LCH-based prioritization. Note that this would require a separate configuration parameter for PHY-based prioritization in DL. Likewise in UL, such configuration parameter should be defined by RAN1. 
Proposal 6: In cases when only intra-UE prioritization of two HARQ-ACK codebooks is needed for DL services, PHY-based DL prioritization can be configured without LCH-based prioritization.

Joint configuration of LCH-based and PHY-based prioritization
As discussed in previous RAN2 meetings, no fundamental problem is foreseen if both PHY-based and LCH-based prioritization are configured jointly. On the other hand, it is a little more complex if the two prioritization features are configured independently (in terms of possible scenarios to be taken care of in implementation). If the two mechnisms remain fully independent, some level of coordination is required between L1 and higher layers. With regards to the (combination of) values that can be independently configured for parameters in table 1 and 2, the network needs to ensure a consistent parameter configuration in a given intra-UE prioritization scenario. As pointed out in previous meetings and a number of other discussions [4][6], the independent configuration requires careful alignment of parameter configuration.
In order to utilize the benefits for uplink prioritization of URLLC over eMBB, it was identified in email discussion 044 [4] that performance is best if both PHY-based and LCH-based prioritization are configured together. The configuration parameters are assumed to be enabled based on UE capability. But it is up to the UE to support either one or both UL intra-UE prioritization features. If a UE indicates support for both UL intra-UE prioritization features then the network should enable them together in a consistent manner. 
Proposal 7: If the UE indicates support for intra-UE prioritization in uplink through both PHY-based and LCH-based meachnisms, network configuration ensures that both prioritization mechanisms are jointly configured.

Conclusions
This paper addresses remaining issues for intra-UE prioritization. We conclude the discussion of related parameters and configuration of PHY/LCH based prioritization taking into consideration the newly defined UE capability.
We have the following observation and proposals:
Proposal 1: RRC parameters for configuration of PHY-based prioritization in downlink are applicable based on UE capability and only configurable if the UE indicates support for twoHARQ-ACK-Codebook-type1-r16.
Proposal 2: RRC parameters for configuration of PHY-based prioritization in uplink are applicable based on UE capability and only configurable if the UE indicates support of ul-intraUE-Mux-r16.
Proposal 3: To better align with the main functionality in Rel-16, it can be discussed if the capability name of ul-intraUE-Mux-r16 can be adjusted (e.g., ul-IntraUE-Prioritization-r16).
Moreover, the paper further examines the configuration of LCH-based and PHY-based prioritization features. The following observation and proposals are made in this regard:

Observation 1: The network explicitly enables LCH-based prioritization through a global configuration parameter.
Proposal 4: Introduce a global configuration parameter for PHY-based prioritization in uplink. The aims is to follow the same methodology as for LCH-based configuration. 
Proposal 5: RAN2 to discuss if a LS to RAN1 is required.
Proposal 6: In cases when only intra-UE prioritization of two HARQ-ACK codebooks is needed for DL services, PHY-based DL prioritization can be configured without LCH-based prioritization.
Proposal 7: If the UE indicates support for intra-UE prioritization in uplink through both PHY-based and LCH-based meachnisms, network configuration ensures that both prioritization mechanisms are jointly configured.
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