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1	Introduction
In this paper, we propose way forward for intra-UE prioritization accounting for previous discussion in RAN2 and recent RAN1 agreements.
2	RAN1 discussion on intra-UE prioritization
2.1	RAN1#98bis agreements
RAN1#98bis on intra-UE prioritization are copied below:
	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:
· Support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release) in R16. 
· Note: This does not preclude possibility of extending it in future releases.
· An explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release
· FFS whether/how or not to further indicate a mapping to corresponding HARQ-ACK codebook by DL SPS activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats

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 handling intra-UE collision in R16, 
· P/SP-CSI on PUCCH is treated with low priority.
· The priority of a SP-CSI on PUSCH depends on the 2-level PHY priority of the PUSCH conveying the SP-CSI. 
· The priority of a A-CSI depends on the 2-level PHY priority of the PUSCH (w/ or w/o UL-SCH) conveying the A-CSI. 

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.
Agreements:
· For handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism. 




2.2		Takeaways
Some key takeaways from the above agreements relevant to the discussion in this paper are the following:
· RAN1 introduced 2-level PHY priority for DG, CG and SR.
· RAN1 agreed that the PHY priority levels are used for prioritization in the event of collisions at PHY layer.
· Specifically, RAN1 agreed that “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)”.
Observation 1: RAN1 introduced 2-level PHY priority for DG, CG and SR. 
Observation 2: RAN1 agreed that the PHY priority levels are used for prioritization in the event of collisions at PHY layer. Specifically, RAN1 agreed that “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)”. 

3	RAN2 discussion on intra-UE prioritization
3.1	Previous RAN2 agreements on Intra-UE prioritization / multiplexing
This section lists previous RAN2 agreements on intra-UE prioritization. 
3.1.1	Agreements from RAN2#106 meeting (Reno, May 2019):
	· For de-prioritized PUSCH on dynamic grant, the UE should store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission using the same HARQ process. 
· For de-prioritized PUSCH on configured grants, a) the UE could store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission. b) FFS if the UE could transmit it using the subsequent radio resources e.g. associated with the same HARQ process
· The above agreements are at least applicable for cases when MAC has already generated the de-prioritized MAC PDU 




3.1.2	Agreements from RAN2#107 meeting (Prague, August 2019):
	· same prioritization solution for CG vs CG conflict and CG vs DG conflict
· Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations.
· LCP restriction enhancements for DG to take into account reliability is needed, details FFS. 
· no need to define UE processing time in MAC
· The same UE prioritization behaviour should be applied for resource conflicts between new transmissions or a new transmission and a retransmission.
· RAN2 assumes that MAC PDU recovery method in grant prioritization could be reused for PUSCH vs SR conflict.
· The case of highest priorities of two conflicting grants are equal is handled according to the following: for CG DG conflict, DG is prioritized, other cases FFS to what extent to specify.

· For The case when no PDU has been generated at all yet, and there is two grants where one will be de-prioritized (and there is data available for both grants).  One PDU is generated

· 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




3.1.3	Agreements from RAN2#107bis meeting (Chongqing, October 2019):
	Deprioritized MAC PDU handling:
· We don’t do the solution where the UE indicate explicitly to the network that there is data for a deprioritized PDU
· There is support to have “UE autonomous retransmission in a CG resource”. Allow checking of complexity to next meeting.




3.2	Takeaways
Some key takeaways from the above agreements relevant to the discussion in this paper are the following:
· RAN2 decided to support a form of MAC prioritization in the form of suppression of lower priority PDU on detecting DG vs CG collision or SR vs PUSCH collision when possible (based on timelines).  
Observation 3a: RAN2 decided to support a MAC prioritization action of suppression of lower priority PDU for DG vs CG collision or SR vs PUSCH collision when possible (based on timelines).  
A key open item for RAN2 is to decide the details of MAC prioritization and the next section proposes a way forward for it.
Observation 3b: A key open item for RAN2 is to decide the details of MAC prioritization.
4	Proposed way forward for MAC prioritization
4.1	Benefits of reusing PHY priority
Reusing 2-level PHY priority for DG, CG and SR introduced by RAN1 has benefits explained below.
4.1.1 Improved predictability for RAN
PHY priority is fully under the control of gNB and using it for prioritization improves predictability of outcome of prioritization. 
This improved predictability is beneficial to reception operation at RAN. Without such a priority indication (e.g., if priority is determined based on priority of data in UE which is less predictable), gNB will encounter more unpredictability when determining which PUSCH is transmitted before decoding it and thus does not know where UCI is sent. This impact of uncertainty is even more with carrier aggregation and this is illustrated in example shown in figure below where, from the gNB’s perspective, there are 2N (N is the number of CCs) possible channel prioritizations, with various possible dropping/multiplexing outcomes unknown at the gNB.
[image: ]
The improved predictability generally simplifies scheduling also since it is easier to predict resource availability/consumption.
4.1.2 Avoids unnecessary de-prioritizations
Using a very granular priority metric (e.g., a LCH priority associated with MAC PDUs) can result in undesirable de-prioritization of channel associated with one eMBB LCH over another associated with eMBB LCH with slightly lower priority.  For instance, assuming LCH priorities are used for determining priorities, this could even lead to SR triggered by one LCH for MBB traffic (e.g., with LCH priority n+1) impacting another PUSCH carrying MBB traffic (e.g., with LCH priority n) with slightly lower priority.  
To avoid such undesirable outcomes, prioritization using granular priority metrics will require additional enhancements (e.g., introducing hysteresis) effectively reduce the granularity. It will be more straightforward to avoid this by using fewer priority levels and 2-level PHY priority defined by RAN1 are clearly well suited for this.
4.1.3 Avoids mismatch between MAC prioritization and PHY prioritization
Using same metric for PHY and MAC prioritization also avoids “mismatch scenarios” between the prioritizations of the two layers. As pointed out in Section 2.1 (in second-to-last RAN1 agreement), UCI vs PUSCH prioritization decisions will be based on PHY priority. If MAC uses a different prioritization metric, MAC may prioritize a grant which either
· results in de-prioritization of another PUSCH (CG-PUSCH in the example below) which may even be carrying high priority UCI (as shown in figure below), or
· in de-prioritization by PHY of grant prioritized by MAC.
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4.1.4 Summary
Following observation summarizes the above discussion.
Observation 4: MAC prioritization using PHY priority levels has following benefits: 
· It improves predictability of outcome of prioritization which is beneficial to reception and scheduling at RAN, 
· Avoids unnecessary MAC de-prioritizations such as prioritization of channel associated with one eMBB LCH over another associated with eMBB LCH with slightly lower priority,
· Avoids mismatch between MAC prioritization and PHY prioritization.
4.2	Proposals
Based on the discussion above, we propose the following essentially saying that MAC prioritization is based on PHY priority values:
Proposal 1: SR vs PUSCH MAC prioritization is based on comparison of associated PHY priority values. In case of equal priority, SR is not sent (ie, Rel-15 behaviour). 
Proposal 2: DG vs CG MAC prioritization is based on comparison of associated PHY priority values considering CG’s data availability. In case of equal priority, DG is prioritized (like in Rel-15). 
Proposal 3: CG vs CG MAC prioritization is based on comparison of associated PHY priority values considering data availability of the CGs.  
4	Conclusions
[bookmark: _Hlk6406644]Observations and proposals from above discussion are copied below.
 Observation 1: RAN1 introduced 2-level PHY priority for DG, CG and SR. 
Observation 2: RAN1 agreed that the PHY priority levels are used for prioritization in the event of collisions at PHY layer. Specifically, RAN1 agreed that “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)”.
Observation 3a: RAN2 decided to support a MAC prioritization action of suppression of lower priority PDU for DG vs CG collision or SR vs PUSCH collision when possible (based on timelines).  
Observation 3b: A key open item for RAN2 is to decide the details of MAC prioritization.
Observation 4: MAC prioritization using PHY priority levels has following benefits: 
· It improves predictability of outcome of prioritization which is beneficial to reception and scheduling at RAN, 
· Avoids unnecessary MAC de-prioritizations such as prioritization of channel associated with one eMBB LCH over another associated with eMBB LCH with slightly lower priority,
· Avoids mismatch between MAC prioritization and PHY prioritization.

Proposal 1: SR vs PUSCH MAC prioritization is based on comparison of associated PHY priority values. In case of equal priority, SR is not sent (ie, Rel-15 behaviour). 
Proposal 2: DG vs CG MAC prioritization is based on comparison of associated PHY priority values considering CG’s data availability. In case of equal priority, DG is prioritized (like in Rel-15). 
Proposal 3: CG vs CG MAC prioritization is based on comparison of associated PHY priority values considering data availability of the CGs.  
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