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1 Introduction
The work item on NR Industrial IoT agreed in [1] includes intra-UE prioritization as one objective:
· 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].


Relevant past RAN1 and RAN2 agreements are in Appendix A. 
MAC compares the priority of the LCH that triggered a SR with the priority of an overlapping UL-SCH resource to determine whether or not SR should be indicated to the PHY layer. PHY then determines how to handle a collision between a transmission on PUCCH for the SR and a PUSCH transmission.
This contribution further discusses details of the prioritization between a SR transmission on PUCCH and PUSCH transmissions.
2 Discussion
In R15, TS 38.321 specifies that the transmission of SR on a PUCCH resource can only take place if the resource for PUCCH does not overlap with a UL-SCH resource (i.e. PUSCH).
For R16, it is agreed that SR can be transmitted even if it would overlap with PUSCH for certain cases. One motivation is that the network should be aware as early as possible of the need to schedule resources suitable for URLLC data transmission. In RAN2#107, it was agreed that MAC can instruct transmission of an SR that overlaps with PUSCH if the priority of the LCH that triggered SR is higher than the priority of the PUSCH, where the PUSCH priority is FFS.

A first aspect to prioritization is the identification of the priority level of each of the potentially conflicting transmissions. For SR, MAC determines when to trigger SR and what resource to use for the transmission. For instance, MAC can determine the priority level of an SR transmission according to the priority of the LCH that triggered the SR. 
In the case of PUSCH, the priority level should be tied to the data it is carrying. The priority level could be determined from the data included in the corresponding transport block.
Proposal 1: 
MAC determines the priority level of a PUSCH transmission as the priority of the highest priority LCH mapped on the TB.
A second aspect of prioritization is the determination of whether SR is allowed to be transmitted on a resource that would overlap with an UL-SCH resource. In R15, MAC specifies that SR is only transmitted if the resource does not overlap with PUSCH. For R16, this behavior is still applicable for when the SR priority is lower than the PUSCH priority, as per the agreement in RAN2#107. 
In case MAC determines that a prioritized SR is transmitted on a resource that would overlap with a PUSCH transmission for which a PDU is delivered to the physical layer, PHY determines how to handle both transmissions based on their priority levels. The physical layer can determine the appropriate handling depending on the transmission priorities determined in the physical layer; there is no additional risk of data loss, since the network always has the possibility to request a retransmission of the de-prioritized data at a later time. Handling such overlapping transmissions is currently being studied in RAN1. If the PHY decides not to drop the PUSCH transmission, MAC signals the SR to PHY at the next applicable PUCCH occasion, as already specified in TS 38.321. 
Proposal 2: 
PHY determines whether to drop a PUSCH overlapping with a signaled SR according to priorities determined in the physical layer. 
One concern voiced in RAN2#107 was whether comparing LCH priorities in MAC would result in unnecessary or too-frequent dropping of PUSCH, e.g. when an eMBB SR has been triggered by a LCH of a slightly higher priority than an overlapping eMBB PUSCH. Hence, it is FFS to determine whether the LCH that triggered SR is “high” priority, i.e. would result in dropping the PUSCH transmission. 
However, it is agreed in RAN1#98 that the SR priority at PHY is configured per SR configuration by RRC, and the physical layer may use this priority to make the final decision whether such SR results in dropping the eMBB PUSCH. For example, MAC instructs PHY to transmit SR if the priority of the LCH that triggered it is higher than the highest priority LCH mapped to an overlapping PUSCH; PHY can then determine whether to drop the SR or not, based on comparing the priority of the associated SR configuration to a priority of an overlapping PUSCH or priority of other overlapping UCI. This is sufficient to handle the “too frequent dropping of PUSCH”, e.g. when an eMBB SR has been triggered by a LCH of a slightly higher priority than an overlapping eMBB PUSCH.
Observation 1: 
RRC configures a priority level per SR configuration, which is used in PHY to determine whether to drop a colliding SR. This is sufficient to avoid an overlapping eMBB SR from preempting a PUSCH eMBB.
One postponed issue is SR cancellation; when a high priority SR is triggered but cancelled before the applicable PUCCH occasion due to BSR inclusion in high latency grant (e.g. an eMBB PUSCH). A number of solutions were discussed in RAN2#107 without consensus. This issue seems to be centered around the interpretation of the following SR cancellation clause in TS 38.321:
When an SR is triggered, it shall be considered as pending until it is cancelled. All pending SR(s) triggered prior to the MAC PDU assembly shall be cancelled and each respective sr-ProhibitTimer shall be stopped when the MAC PDU is transmitted and this PDU includes a Long or Short BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5) prior to the MAC PDU assembly.
To eliminate the issue, it can just be clarified that cancellation happens upon the completion of the transmission, i.e. “when the MAC PDU is transmissiontted is completed”
Proposal 3: 
An SR cancelled upon the completion of a transmission of a PUSCH that includes BSR information that triggered the SR
3 Conclusion

RAN2 should discuss the above and agree to the following:

Proposal 1: 
MAC determines the priority level of a PUSCH transmission as the priority of the highest priority LCH mapped on the TB.
Proposal 2: 
PHY determines whether to drop a PUSCH overlapping with a signaled SR according to priorities determined in the physical layer. 
Observation 1: 
RRC configures a priority level per SR configuration, which is used in PHY to determine whether to drop a colliding SR. This is sufficient to avoid an overlapping eMBB SR from preempting a PUSCH eMBB.
Proposal 3: 
An SR cancelled upon the completion of a transmission of a PUSCH that includes BSR information that triggered the SR
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5 Appendix A: Relevant past agreements
In RAN2#107, the following was agreed on SR-PUSCH intra-UE prioritization:

· If PUCCH resource for an SR’s transmission occasion overlaps a UL-SCH resource, SR’s transmission is allowed based on a comparison of priority of the LCH that triggered the SR and a priority value for the UL-SCH resource, if the priority of the LCH that triggered the SR is “high” (FFS).  Priority value of the UL-SCH resource is FFS

· If an SR was triggered before MAC PDU assembly and PUCCH resource for the SR’s transmission occasion conflicts with UL-SCH resource of the MAC PDU, and the UL-SCH transmission is deprioritized, a MAC PDU will not be generated. (conflict = they cannot both be transmitted)

· When a PUSCH transmission is deprioritized, desired PHY behaviour is for RAN1 to decide

In RAN2#107bis, the following was further agreed:

· R2 think it would be useful to introduce a new LCP restriction in the following way: The DCI that is scheduling PUSCH may include a specific indication. LCH configuration in RRC contains information on whether the LCH can utilize grant with this indication or not. R2 intends that this mechanism can be used to differentiate grants for traffic that requires high reliability.

In RAN1#98bis, the following was agreed on priority determination in PHY:

Agreements:

Confirm the following WA with update:
Original working assumption

· Support that SR priority (e.g. high or low priority) is known at PHY layer. 
· FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions. 
· FFS how the SR priority is known

Updated to:

· Support two-level SR priority (high or low) intended for two different service types known at PHY layer in R16.
· The PHY-layer SR priority is determinined by an explicit indication (as a new RRC parameter) for each SR resource configuration.
Agreements:

2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.
Agreements:

2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.
· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
Agreements:

For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).
· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.
· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.

· FFS details of dropping behaviours.
· FFS details of processing timeline issues, e.g.
· How to handle the case where the timeline condition is not satisfied.
· Necessity of a new timeline.
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