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Introduction
A work item on physical layer enhancements for URLLC is approved in [1]. One of the objectives of the WI is to specify enhancements to scheduling/HARQ, including handling of overlapping PUSCHs and non-overlapping PUSCHs in time-domain:
· [bookmark: OLE_LINK1]Specification of enhancements to scheduling/HARQ [RAN1]
· Out-of-order HARQ-ACK associated with PDSCHs with different HARQ process IDs
· Out-of-order PUSCH scheduling associated with different HARQ process IDs, including overlapping PUSCHs and non-overlapping PUSCHs in time-domain
· Methods to handle DL data/data resource conflicts for overlapping PDSCHs in time-domain, scheduled by dynamic DL assignments 
RAN1 has received an LS in [2] from RAN2 describing scenarios for intra-UE prioritization that are relevant for further study [1]. In RAN1#96, the following was agreed:
Agreements:
· If the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain, the UE drops the processing and the transmission of the first scheduled PUSCH.
· For dropping, the scheduling limitations do not apply. The UE always drops the first scheduled PUSCH.
· Other details of dropping are as those of the solution 4. 
Solution 4: 
· A UE drops (terminates) the processing of the first scheduled PUSCH.
· Alt1: The UE always drops the first scheduled PUSCH.
· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first scheduled PUSCH.
· FFS how to define the scheduling conditions, e.g., based on the number of RBs, TBS, number of layers, the gap between the first and the second PUSCHs, etc.
· The UE behavior, e.g., decision on dropping the first scheduled PUSCH and timing capability associated with the second scheduled PUSCH, is determined, and is fixed, after decoding the PDCCH associated with first and the second scheduled PUSCHs. 
· When the UE drops the processing of the first scheduled PUSCH, increasing the minimum PUSCH preparation procedure time (N2) of the second PUSCH by d symbols can be  considered.
· FFS the value of d. 

Agreements:
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.

Further, in RAN2#105bis, the following was agreed:
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.
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.

This contribution discusses L1/PHY impacts for intra-UE prioritization for uplink transmissions for resource conflicts between dynamic/dynamic, configured/dynamic, or configured/configured uplink grants.
Issues for Intra-UE UL Prioritization Involving only Data
L2/MAC can perform grant selection according to priority rules only when there is sufficient processing time available given the timing of the reception of the later grant. The processing time includes the time for decoding and processing the DCI, the time required to determine what data, if any, is applicable for each grant, and the time to select a grant and build a TB. 
Predictable UE behaviour to support URRLC
The aspect of UE processing time was discussed for the prioritization between different grants for all possible combinations of dynamic and configured grants for overlapping transmissions.
Whether the UE behavior should be expected to be different depending on whether the UE would have enough processing time available to determine whether a grant can be selected or not in time either by:
· The MAC layer, if MAC would support generating at most a single TB even in case of collisions and dropping the de-prioritized grant; or
· The PHY layer, if PHY would support dropping (or stopping, if ongoing) the transmission of a de-prioritized TB when multiple TBs are received in case of collisions.
Observation 1: 	Predictable UE prioritization for data-data and data-control collisions is required to properly support URLLC target requirements.
Observation 2: 	Predictable UE prioritization requires unambiguous handling of scheduling information irrespective of the timing of reception of the concerned DCIs.
Requirement on UE processing time for prioritization
There are different aspects needed to perform intra-UE prioritization when different transmissions collide for data-data and data-control, which may be specified in different layers:
· Configuration of priorities, resources and LCH mappings (e.g., by RRC);
· Determination of collision between multiple transmissions (e.g., by MAC or PHY);
· Determination / association with a priority for each transmission (e.g., by MAC or PHY);
· Prioritization between different transmissions (e.g., by MAC or PHY);
· If in MAC, whether to inform PHY to perform a transmission by delivery of a TB, SR or other UCI with applicable transmission resource. For example, unnecessary generation and delivery of a TB to the PHY layer may be avoided for a de-prioritized transmission if MAC performs the prioritization;
· If in PHY, whether to dropped, stop or apply pre-emption to the concerned transmissions. For example, the determination of whether to drop a transmission or to apply pre-emption may be supported if the PHY layer performs the prioritization.
Observation 3: 	UE requirements should include minimum processing time for the layer where prioritization is performed in case of collisions between data and data, data and control.
In absence of such requirement, different UE implementation may prioritize different collisions differently and fail to consistently prioritize transmissions associated to URLLC services for a given scheduler strategy.
UE processing time for aspects handled by L2/MAC
Given the assumption that the MAC layer will handle at least some aspects of the collisions in certain cases, e.g. for overlapping PUSCH resources involving at most one dynamically scheduled grant. For facilitating the discussions, it is proposed to define the UE MAC processing time tMACProc available for handling any possible collisions between two uplink transmissions as the time between:
· t2: the determination (e.g., from reception of a grant, or having UCI for transmission) that a transmission should be performed and that at least partly overlap in time with another transmission as already determined by the UE; and
· t3: the start of the earliest in time of the overlapping UL resources. 
For example, this could represent the processing time necessary for MAC selection of the most suitable grant for a PUSCH transmission from a set of conflicting PUSCH resources. The UE processing time tMACProc must be sufficient for the UE to perform any processing required for selecting the grant, including performing LCP and assembling the TB on time for the transmission according to the selected grant.
	[image: ]


Figure 1: Timing relationships between layers related to UE handling of overlapping PUSCHs
The values for each of t1, t2, t2bis, t3 and t4 are determined depending on the type of transmission for each of the different resource conflict scenarios.
Observation 4: 	UE processing time requirement is not required in MAC, if MAC always generates a TB for each grant in case of a collision involving at least one dynamically scheduled grant.
Observation 5: 	A minimum UE processing time requirement is necessary in MAC, if MAC shall generate at most one TB in case of a collision involving at least one dynamically scheduled grant.
Proposal 1: 	For cases when MAC prioritizes a grant, UE selection between conflicting resources is only applicable if the available processing time is at least equal to a minimum processing time for Intra-UE prioritization in MAC.
UE PHY processing time
The PHY layer may also handle some aspects of the collisions in scenarios involving only data, including if (or when) those aspects are not handled by L2/MAC either because:
1) PHY only would handle the collisions for a specific scenario, by design e.g., if MAC would generate and deliver a TB for all grants for a new transmission to the PHY layer. The PHY layer could in turn for example apply some form of pre-emption, or another handling;
2) PHY sometimes handle such collision, by configuration e.g., if different handling of different scenarios may be applied as a function of UE capabilities, network decision, etc.
3) PHY sometimes handle such collision, caused by insufficient processing time at L2/MAC e.g., if MAC generates and delivers a TB also for the second overlapping transmission due to having insufficient L2/MAC processing time to perform the selection of the most suitable grant. The PHY layer could in turn for example apply some form of pre-emption, or another handling;
Given the above, it is then further proposed for facilitating the discussions to define the UE PHY processing time tPHYProc for handling any possible collisions between overlapping PUSCHs as the time between:
· t2bis: the indication by MAC to the PHY layer to perform a transmission that at least partly overlap in time with another transmission as already determined by the UE. This could correspond to the time of the DCI reception plus the minimum required UE preparation time to process the DCI; and
· t4: the start of the latter in time of the overlapping UL resources.
This could represent the processing time necessary for PHY to have means to apply some form of handling of the collision of resources e.g., uplink transmission pre-emption (if supported and configured) to a PUSCH transmission. The relationship between the different timing, layers and the UE ability to handle a collision for overlapping PUSCHs is shown in figure 1 above.
No additional UE processing time requirement is needed in PHY for prioritization, if PHY receives at most one TB for collisions involving at least one dynamically scheduled grant. However, an additional minimum UE processing time requirement is needed in PHY, if PHY can receive one TB for each grant for collisions involving at least one dynamically scheduled grant. Therefore, the UE behaviour should be studied depending on whether the UE has enough processing time to handle the collisions. For example, the UE could support applying intra-UE uplink pre-emption if given enough PHY processing time.
Proposal 2: 	For transmissions on overlapping PUSCHs, the UE drops the transmission and processing of the first scheduled PUSCH only if the available processing time at least equal to a minimum processing time in PHY for handling the conflicting transmissions. 
Intra-UE UL Prioritization for PUSCH transmissions
UE selection of the most suitable grant with overlapping grants
For resource conflicts involving at most one dynamically scheduled grant, the UE selects one of the available grants for the transmission of a Transport Block (TB). The UE can select the most suitable grant only if the UE has sufficient processing time before the start of the transmission that is earliest in time. The UE’s selection of a grant impacts which LCH(s) are served by the LCP procedure for the corresponding TB as a function of the configured mapping restrictions and of the priority of the applicable LCHs. The UE’s selection of the grant may also affect how much data will be served when the TB size for each grant differ. 
In this case, the most suitable grant would ideally be the grant that serves specific LCH(s) e.g., based on mapping restrictions and configured priorities. Only LCHs with data available for transmission should be considered when selecting the most suitable grant. Nevertheless, from the perspective of a scheduler implementation, it may be beneficial to have a clear, unambiguous and specified UE selection behavior.
Scenario 2: Resource Conflict between Configured and Dynamic Grant
The RAN2 LS [2] states that RAN1 should study the details of related mechanisms for prioritizing configured grant PUSCH over dynamic grant PUSCH for scenario 2.
Configuration of a grant was first introduced in LTE R8 with SPS for the only purpose of reducing PDCCH signaling overhead, in support of services that would exhibit a traffic pattern that is relatively predictable with a fixed period such as a VoIP service. Scheduler override of a configured grant using dynamic signaling was introduced to enable adaptation of the UE’s resource allocation for more flexible RRM with the same performance as for dynamic signaling.
There is no strong argument to consider some form of prioritization to handle collisions for scenario 2 based on the type of grant. Prioritization of a grant based on PUSCH duration assumes that low-priority traffic should not be transmitted using short PUSCH duration in a mixed traffic scenario, which may be unnecessarily restrictive for a scheduler implementation.
Rather, prioritization when performed by the MAC layer should be based on the QoS requirement of the data that is available for transmission and that can be carried by the respective grant when LCP is performed while when performed by the PHY layer it should be matched with the scheduler’s commitment of resources for the transmission in terms of latency and reliability targets.
More specifically, at the MAC layer the UE should consider the priority of all LCH that have data available for transmission for each grant based on LCH mapping restrictions, select the grant that can carry data of the highest priority given sufficient UE MAC processing time. Otherwise given insufficient UE MAC processing time, at the PHY layer the UE should have means to always perform the transmission that correspond to some specific criteria, which should correspond to different type of services e.g. transmissions targeted for URLLC vs eMBB traffic.
Thus, given the assumption that MAC may either not support handling for a collision according to scenario 2, or otherwise may not always have sufficient processing time to avoid delivering a TB for the colliding transmission, the following is proposed:
Proposal 3: 	The PHY layer should support means to determine whether a grant (configured or dynamic) corresponds to transmissions of different reliability and/or priority characteristics when MAC delivers a new TB to the PHY layer in case of a collision according to scenario 2.
Proposal 4: 	The PHY layer should support handling of a collision according to scenarios 2 by performing the transmission that corresponds to the highest reliability and/or priority characteristics when MAC delivers a new TB to the PHY layer in case of a collision according to scenario 2.
Scenario 3: Resource Conflict between Dynamic Grants
The RAN2 LS states that “it is RAN2 understanding that traffics with different priorities could be distinguished by for example explicit L1 signaling of priority level per grant, or by other prioritization rule”.
From the MAC perspective, this scenario can be handled similarly as for scenario 2 given sufficient processing time i.e., MAC should have means to select the most suitable grant as a function of the data available for transmission for each grant.
From the perspective of the PHY layer, one simple approach would be to use the grant that was received latest. However, this may not necessarily lead to a useful transmission if one of the grants is not visible to MAC and if there is no consideration for what LCH has data available for transmission.
In R15, LCP mapping restrictions are semi-statically configured. It may be beneficial from the perspective of reducing the requirement related to the UE processing time and/or for more flexibility in scheduling UEs supporting traffic of different reliability requirements to consider means to indicate a priority for each grant dynamically.
Proposal 5: 	The PHY layer should support an indication in a configured grant and in a DCI, that indicates a level of reliability and/or priority for the corresponding transmission.
Explicit signalling would be relevant to both collisions for scenarios 2 and 3, as well as for other scenarios such as scenario 6-7.
[bookmark: _GoBack]For example, each grant can be associated with a priority level that is either indicated by L1 for dynamic grants or semi-statically configured for configured grants. RRC can configure each LCH with a priority level, such that the UE MAC LCP can match data from different LCHs with the most suitable UL grant using their respective priority. The priority level could be indicated as a priority for a dynamic grant explicitly by DCI signaling or implicitly (e.g., from search space or RNTI).
Conclusion
RAN1 should discuss the above and agree to the following observations and proposals:
Observation 1: 	Predictable UE prioritization for data-data and data-control collisions is required to properly support URLLC target requirements.
Observation 2: 	Predictable UE prioritization requires unambiguous handling of scheduling information irrespective of the timing of reception of the concerned DCIs.
Observation 3: 	UE requirements should include minimum processing time for the layer where prioritization is performed in case of collisions between data and data, data and control.
Observation 4: 	UE processing time requirement is not required in MAC, if MAC always generates a TB for each grant in case of a collision involving at least one dynamically scheduled grant.
Observation 5: 	A minimum UE processing time requirement is necessary in MAC, if MAC shall generate at most one TB in case of a collision involving at least one dynamically scheduled grant.
Proposal 1: 	For cases when MAC prioritizes a grant, UE selection between conflicting resources is only applicable if the available processing time is at least equal to a minimum processing time for Intra-UE prioritization in MAC.
Proposal 2: 	For transmissions on overlapping PUSCHs, the UE drops the transmission and processing of the first scheduled PUSCH only if the available processing time at least equal to a minimum processing time in PHY for handling the conflicting transmissions. 
Proposal 3: 	The PHY layer should support means to determine whether a grant (configured or dynamic) corresponds to transmissions of different reliability and/or priority characteristics when MAC delivers a new TB to the PHY layer in case of a collision according to scenario 2.
Proposal 4: 	The PHY layer should support handling of a collision according to scenarios 2 by performing the transmission that corresponds to the highest reliability and/or priority characteristics when MAC delivers a new TB to the PHY layer in case of a collision according to scenario 2.
Proposal 5: 	The PHY layer should support an indication in a configured grant and in a DCI, that indicates a level of reliability and/or priority for the corresponding transmission.
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