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Introduction
A Study Item on NR Industrial IoT [1] was approved at RAN#81 and discussion started in RAN2#103bis. Based on email discussion input prior to RAN2#104 [2], several Intra-UE prioritization/ multiplexing scenarios were identified, and the scope of the NR I-IoT SI and division of work between RAN1 and RAN2 discussed. For UL data-data prioritization, RAN2 has agreed to study scenarios 2 and 3 jointly with RAN1. An LS was sent to RAN1 [3]. RAN2 has further agreed to identify issues and solutions relating to Intra-UE UL Data-Data prioritization in an email discussion, without delving into stage-3 details [4]:
	[104#38][NR/IIOT] Intra UE prioritization UL Data Data (Interdigital)
	Intended outcome: Report, Identify issues, identify solutions (try to avoid stage-3 details to the extent possible)
	Deadline:  Thursday 2019-02-07


R2-1901458 [5] summarizes the email discussion on Intra-UE UL Data-Data prioritization. 
This contribution further discusses the impact of the UE’s processing time on the discussions related prioritization in MAC and in PHY with respect to defining a predictable UE behavior. 
Intra-UE UL Prioritization and Processing Time
Predictable UE behaviour to support URRLC
R2-1901458 [5] summarizes the email discussion on Intra-UE UL Data-Data prioritization. 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.
The purpose of Question 8 was to probe companies in RAN2 regarding 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.
As conclusions, several companies (8) indicated that it should be up to RAN1 to define a minimum UE processing time as a requirement, while other (5) indicated that further study is necessary in RAN1. However, several companies (12) indicated that there is no need to specify a requirement for processing time, and whether the UE applies prioritization in MAC is up to UE implementation.
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
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. 
Given the assumption that the MAC layer will handle at least some aspects of collisions in scenarios involving only-data, 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 first symbol of 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. The UE processing time tMACProc must be sufficient for the UE to perform any processing required for selecting the grant, for performing LCP, and for assembling the TB on time for the transmission according to the selected grant.
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Figure 1: Timing relationships between layers for handling collisions between two grants
The values for each of t1, t2, t2bis, t3 and t4 are determined depending on whether the conflict is between configured/configured, dynamic/configured, or dynamic/dynamic grants.
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.
UE PHY processing time
The PHY layer may also handle some aspects of resource collisions, 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 two uplink transmissions 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 first symbol of the latter in time of the overlapping UL resources.
For example, 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 is shown in figure 1 above.
Observation 6: 	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.
Observation 7: 	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.
Different UE behaviour should be studied depending on if the UE has enough processing time to handle the collisions. For example, the UE could support applying intra-UE uplink pre-emption given enough PHY processing time in case the UE has insufficient UE MAC processing time to otherwise select the most suitable grant. One example includes the case where the UE receives a PDCCH for a second transmission (e.g., for a URLLC transmission) that collides with an already ongoing transmission (e.g. an eMBB transmission) while MAC is configured to select the most suitable grant when UE MAC processing time permits it.
Conclusion
RAN2 should discuss the above and agree to the following:
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.
Observation 6: 	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.
[bookmark: _GoBack]Observation 7: 	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.
Proposal 1: 	Include the text proposal of section 4 to TR 38.825.
Text Proposal to TR 38.825 v 0.0.1
1. [bookmark: _Toc528838249][bookmark: _Toc528239050]Intra-UE prioritization/multiplexing
/// Unmodified text not included
/// Start of proposed changes
The UE applies intra-UE prioritization/multiplexing in case of resource conflicts between multiple uplink data transmissions only if the time available to process the dynamically received scheduling information is at least equal to a minimum UE processing time. The processing time requirement includes any additional processing required to apply the prioritization and is only applicable to the layer performing the determination of what transmission(s) to de-prioritize. (Editor’s note: FFS whether it is in the MAC layer or in the PHY layer) 
/// End of proposed changes
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