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1. Introduction
In the RAN#83 meeting, the WI on “Support of NR Industrial Internet of Things (IoT)” was approved [1]. Following objectives are related to intra-UE prioritization/multiplexing.
	2. 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].




This paper discusses the intra-UE prioritization and multiplexing, mainly focusing on the following:
· Collisions between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs
· Collisions between SR associating to high-priority traffic and uplink data of lower-priority traffic.

2. Discussion
2.1. Resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH
For resource conflicts between DG and CG, and between multiple CGs, following agreements were made in RAN1 and RAN2 [2], [3]. 
	Agreements in RAN1 #96:
For scenario 2 as listed in R1-1814342, in case the collision between configured grant and dynamic grant occurs in physical layer, options to determine the prioritization between configured grant and dynamic grant include at least – to be further investigated during the WI phase:
· Priority at PHY is determined by MAC layer for the purpose of PHY prioritization.
· Note: this may or may not have any RAN1 impact
· Priority at PHY is determined via using PHY channel(s)/signal(s)/parameters for the purpose of PHY prioritization.
· It is configurable as part of the configured grant configuration whether it should have higher priority than dynamic grant in case of conflict.
· Other options are not precluded.



	Agreements in RAN2 #105
· RAN2 shall study resource conflicts between multiple active configured grants, in addition to Scenarios 2 and 3, part of UL data-data prioritization.
· UE prioritization of a grant when there is at most one dynamic grant in the set of conflicting grants (scenario 2 and CG/CG collision) shall be addressed. MAC specifies currently the UE prioritization of such cases, and modifications to MAC would be required.
· RAN2 assumes that the later dynamic grant may always be prioritized over and earlier dynamic grant (scenario 3). One way to realize this is that MAC generate a PDU for each grant and let L1 handle conflicting transmissions. To be confirmed following progress in RAN1. Other solutions are not precluded
· For cases when MAC prioritizes a grant, MAC prioritizes the grant on which data of the highest priority can be transmitted according to LCP restrictions and priority configured for each LCH.



Firstly, we define following two cases as resource conflicts; 
· Case 1: the two resources conflict only in time domain but do not conflict in the frequency domain; 
· Case 2: the two resources conflict in both frequency and time domain. 
Whether these two cases are handled in different manners or in the same manner should be considered.
[image: ]
   (a) Case 1		 		                                              	(b) Case 2
Fig. 1	Resource overlapping.
At least for case 2, a UE needs to prioritize one PUSCH transmission for UL. For case 1, it is possible that a UE can simultaneously process both PUSCHs if the UE has high capability; for example, if the UE is capable of intra-band UL-CA, the UE has at least baseband processing capability of simultaneously transmitting multiple PUSCHs in the given band. From RF point of view, careful study is necessary as this is a kind of non-contiguous transmission. It is useful if it is feasible to enable simultaneous processing in this situation. However, if the UE cannot simultaneously handle multiple PUSCHs, then same handling as for case 2 can be applied. In the following, we will mainly discuss the case where one of two transmissions needs to be prioritized on the conflict resource. 
For resource conflicts between configured and dynamic grants, in Rel.15, MAC layer always priorities the resource associated with dynamic grant [4 TS 38.321] as long as the UE has time to process the dynamic grant. In order to avoid the case where the UE needs to handle the resource conflicts between configured and dynamic grants without sufficient processing time, physical layer further specifies that the UE does not expect to be scheduled with a PUSCH transmission by a PDCCH that ends less than N2 symbols before the beginning of a valid uplink configured grant transmission occasion if the PUSCH overlaps with the configured grant transmission [5 R1-1903783]. 
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Fig. 2	UE processing time requirement for dynamic grant overriding the configured grant PUSCH
 
Therefore, depending on whether or not there is sufficient processing time in physical layer, the prioritized grant selected in MAC layer may or may not be able to be transmitted. Therefore, there are two options for the collision handling between the CG and DG.
Option 1: For the case when MAC can prioritize a grant, MAC prioritizes the grant on which data of the highest priority can be transmitted according to LCP restrictions and priority configured for each LCH, and then MAC delivers the generated data to physical layer. For the case when MAC cannot prioritize a grant, MAC generates a PDU for each grant, implying that MAC may need to generate multiple PDUs if there are multiple grants. Physical layer makes the prioritization based on some explicit or side information related to the priority such as assisted information from MAC or parameters available in physical layer. 
Option 2:  MAC generates a PDU for each grant according to the LCP restrictions and priority configured for each LCH, implying that MAC needs to generate multiple PDUs if there are multiple grants. Physical layer makes the prioritization based on some explicit or side information related to the priority such as assisted information from MAC or parameters available in physical layer.  
Rel.15 procedure is part of option 1; MAC always knows data priority including CG vs DG since there is no case where the available processing time is less than the need. Two differences for Option 1: first, MAC needs to prioritize the configured grant when it associated with the URLLC traffic over the dynamic grant which is associated eMBB-like traffic. Second, Option 1 allows the case where the available processing time is less than the need, in which case, MAC cannot make the prioritization and deliver to physical layer the SDU with the higher priority. For example, MAC already generates and delivers the SDU associated with the earlier grant before knowing there will be a higher priority data comes. In this case, MAC layer needs to deliver the data with higher priority to the physical layer and provide the priority information to physical layer. Then physical layer can decide whether to it is feasible to transmit the prioritized data. 
Option 2 is similar as one way we discussed for collision handling between dynamic grants, in which MAC generates a PDU for each grant and let L1 handle the conflicting transmissions. 
Both option 1 and option 2 can work. Which one is better may depend on UE implementation. From specification perspective, Option 1 needs to explicitly define the cases when the MAC can and when the MAC cannot make the prioritization which requires specification efforts. Given that solutions are always needed to cover the case when MAC cannot make the prioritization, option 2 is preferred. 
Proposal 1:	down-select following two options for resource conflicts handling between DG and CG.
· Option 1: For the case when MAC can prioritize a grant, MAC prioritizes the grant on which data of the highest priority can be transmitted according to LCP restrictions and priority configured for each LCH. For the case when MAC cannot prioritize a grant, MAC generates a PDU for each grant, then physical layer makes the prioritization based on assisted information from MAC or parameters available in physical layer. 
· Define the cases when the MAC can and cannot prioritize a grant.
· Confirm with RAN1 for the case when physical layer needs to make the prioritization.
· Option 2:  MAC generates a PDU for each grant according to the LCP restrictions and priority configured for each LCH. Physical layer makes the prioritization based on assisted information from MAC or parameters available in physical layer.  
· Confirm with RAN1 for the case when physical layer needs to make the prioritization. 
Regardless option 1 or option 2, following enhancements are needed for MAC generating data and MAC providing necessary assistant information to physical layer for prioritization. 
· Enhancements on LCH priorities and LCP restrictions.
In Rel.15, following parameters are defined to control the mapping restrictions for each logical channel:
· allowedServingCells
· allowedSCS-List 
· maxPUSCH-Duration
· configuredGrantType1Allowed
It is important to ensure the URLLC traffic can be mapped to the suitable uplink grant resource. Besides above parameters, other parameters such as MCS table, configured grant Type 2 etc need to be included as well for mapping restrictions.  When multiple configured grant configurations are configured for a given BWP to serve different traffics, the configuration index may also need to be introduced as one mapping restriction parameter. 
· Assistant information from MAC to Physical layer 
As discussed, when physical layer needs to make the prioritization between the overlapped grants, MAC layer needs to provide some ‘priority’ related information to facilitate physical layer to make the decision. Such information can be defined explicitly as priority level or implicitly derived from other information such as timing when the data is delivered to physical layer and/or MCS table, PUSCH transmission duration and/or thereof. 
Proposal 2:	at least “configured grant Type 2 allowed” parameter is needed to control the mapping restrictions for each logical channel. 

2.2. Resource conflicts involving multiple configured grants (CGs)
RAN1 agreed that multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency.
Above underlined parts imply that the following two use cases motivate to support multiple configured grant configurations:
· Use case 1: Support different service/traffic types with different requirements on latency, reliability, packet size etc., running simultaneously at the UE side;
· Use case 2: To ensure K repetitions without sacrificing the latency for a given URLLC service, similar as multiple UL SPS configurations supported in LTE HRLLC. Figure 3 gives an example. The main features for use case 2 are following:  
· The multiple configured grant configurations have the same periodicity but can have different time offsets
· UE should start PUSCH transmission at the beginning of a first repetition of a transmission occasion of a configured grant configuration and continue K times repetition.
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Fig.3 multiple GC configurations for reducing the latency and ensuring K repetitions
For use case 1 in which multiple CG configurations are used to support different services, two options as discussed for resource conflicts handling between DG and CG still applies. However, for use case 2 in which multiple CG configurations are used to guarantee the number of repetitions for a given BWP of a serving cell, an ongoing UL configured grant repetition transmission should not be interrupted by another UL configured grant repetition configuration having new data arriving.
Proposal 3a: 	when multiple configured grant configurations are used to support different services/traffic types, same solution for handling the resource conflicts between DG and CG can be used for handling the resource conflicts involving multiple CGs. 
Proposal 3b: 	when multiple configured grant configurations are used to reduce latency and ensure reliability, an ongoing UL configured grant transmission including repetitions should not be interrupted by another UL configured grant configuration having new data arriving. 


2.3. resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic
For UL data/control and control/control resource collision, following agreements were made during RAN2 #105: 
	Agreements made in RAN2 #105:
Capture into TR 38.825 the issue that the SR triggered by URLLC cannot be sent if there is a UL-SCH resource for eMBB;
Agree and capture into TR 38.825 the solution to address the issue of collision between URLLC SR and eMBB UL-SCH may include: A prioritization rule can be defined to determine whether to transmit SR or PUSCH, e.g. based on the priority of the LCH which triggers the SR and priorities of the data to be transmitted on the PUSCH resource. 
Leave to RAN1 to discuss the potential issue related to collision between eMBB PUSCH and HARQ feedback or CSI report for URLLC.



For the resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic, it was agreed to define a prioritization rule to determine whether to transmit SR or PUSCH, e.g. based on the priority of the LCH which triggers the SR and priorities of the data to be transmitted on the PUSCH resource. Similar as collision handling between PUSCHs, two options can be considered:
Option 1: For the case when MAC can prioritize the transmission of SR associating to high-priority traffic, MAC does not generate the PUSCH of lower priority data. For the case that MAC cannot prioritize the transmission of SR associating to high-priority traffic, MAC triggers a SR and delivers the priority level of the triggered SR to physical layer, so that physical layer can decide whether or not it can transmit the SR; possible ways of transmitting the SR includes, the SR punctures/drops the PUSCH, or the SR is multiplexed on the PUSCH. For example, this is the case when PUSCH for eMBB is already delivered to physical layer or the PUSCH for eMBB already starts transmission. 
Option 2: MAC generates a PDU for the grant according to the LCP restrictions and priority configured for each LCH, without taking into account whether or not the SR associating to high-priority traffic is triggered. Physical layer makes the prioritization between SR and PUSCH based on some explicit or side information related to the priority level from MAC or parameters available in physical layer.  
Whatever options are selected, MAC need to provide priority levels to the Physical layer for overlapping SR and PUSCH transmissions. In case of SR transmission, the triggers and transmissions are defined in MAC. Therefore, MAC can define appropriate association between the SR priority level, i.e., scheduling request ID and logical channel priority. In case of PUSCH, it can be based on configured grant or dynamic grant. Based on the discussion in section 2.1 and 2.2, MAC needs to provide some assistant information related to traffic priority to help physical layer make the prioritization. For configured grant PUSCH, the priority related information can be configured by RRC. For dynamic grant PUSCH, how to obtain such ‘priority level’ information needs to be confirmed by RAN1.   
About the handling for the deprioritized PUSCH, for example the PUSCH is dropped, suspended, or punctured etc. depends on RAN1’s decision. 
Proposal 4:	MAC provides assistance information related to priority levels to the PHY layer for overlapping SR and PUSCH transmissions.
2. Summary and proposal
In summary, we present our views on intra-UE prioritization/multiplexing including:
· Collisions between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs
· Collisions between SR associating to high-priority traffic and uplink data of lower-priority traffic.
Based on the discussion, followings were proposed:
Proposal 1:	down-select following two options for resource conflicts handling between DG and CG.
· Option 1: For the case when MAC can prioritize a grant, MAC prioritizes the grant on which data of the highest priority can be transmitted according to LCP restrictions and priority configured for each LCH. For the case when MAC cannot prioritize a grant, MAC generates a PDU for each grant, then physical layer makes the prioritization based on assisted information from MAC or parameters available in physical layer. 
· Define the cases when the MAC can and cannot prioritize a grant.
· Confirm with RAN1 for the case when physical layer needs to make the prioritization.
· Option 2:  MAC generates a PDU for each grant according to the LCP restrictions and priority configured for each LCH. Physical layer makes the prioritization based on assisted information from MAC or parameters available in physical layer.  
· Confirm with RAN1 for the case when physical layer needs to make the prioritization. 
Proposal 2:	at least “configured grant Type 2 allowed” parameter is needed to control the mapping restrictions for each logical channel. 
Proposal 3a: 	when multiple configured grant configurations are used to support different services/traffic types, same solution for handling the resource conflicts between DG and CG can be used for handling the resource conflicts involving multiple CGs. 
Proposal 3b: 	when multiple configured grant configurations are used to reduce latency and ensure reliability, an ongoing UL configured grant transmission including repetitions should not be interrupted by another UL configured grant configuration having new data arriving. 
Proposal 4:	MAC provides assistance information related to priority levels to the PHY layer for overlapping SR and PUSCH transmissions.
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