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Introduction
Both RAN1 and RAN2 agreed some prioritization rules to be handled at MAC and PHY layers for both PUSCH/PUSCH and PUSCH/SR overlapping cases. This contribution discusses how they can work together, i.e. the general prioritization framework.
Discussion
RAN2 has been discussing PUSCH/PUSCH and PUSCH/SR prioritization at MAC level, based on what is visible at MAC, i.e. LCH priorities and LCP mapping restrictions, and without considering further prioritization in PHY with other UL transmissions such as UCI. The resulting agreements are as follows:
In RAN2#107, for PUSCH/PUSCH:
	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


 
In RAN2#107, for PUSCH/SR:
	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:
	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.



On their side, RAN1 have also been discussing prioritization of overlapping UL transmissions with primary focus on PUSCH and SR overlapping with other UCI, e.g. HARQ-ACK, resulting in the following agreements (RAN1#98bis):
	· 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 determined by an explicit indication (as a new RRC parameter) for each SR resource configuration.
· 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
2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.
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
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. 
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.
	
· For handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism. 


Based on the above, the current status can be summarized as follows:
· For PUSCH/PUSCH and PUSCH/SR collisions, a first prioritization occurs in MAC, based on involved LCH(s) priority(ies), that can result in MAC delivering to PHY:
· Only the prioritized PDU or SR; or
· Both conflicting PDUs, or PDU and SR, when the prioritization occurred after a first item has been delivered to PHY, before being de-prioritized.
· Upon receiving from MAC both PDUs or both PDU and SR associated with overlapping resources, PHY applies its 2-level prioritization scheme, also accounting for further potential overlap with other UCI transmissions.
We further discuss below the details of the above generic framework.
New LCH PHY priority mapping 
Regarding these two agreements:
RAN2:
	=> 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.


RAN1:
	=> 2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.


It is clear that the 2-level PHY priority indication/signaling for DG PUSCH agreed in RAN1 matches the DCI indication foreseen by RAN2 for LCP mapping restriction.
Proposal 1: RRC can configure an LCH to use:
· only dynamic grants that indicate/signal a high PHY priority; or
· only dynamic grants that indicate/signal a low PHY priority.
Obviously this configuration should be optional and, if not configured, an LCH should be allowed to use both dynamic grants that indicate/signal either a high or low PHY priority. 
Proposal 2: The LCH PHY priority mapping configuration is optional for an LCH and, when not configured, the LCH is allowed to use both dynamic grants that indicate/signal either a high or low PHY priority.
It could be further questioned whether this new 2-level PHY priority indication/signaling is used by MAC beyond the LCP mapping restriction, for example to determine the priority of a PUSCH and/or SR involved in a collision. In such case, the baseline agreements that MAC prioritization is driven by the priority(ies) of the LCHs involved in (or at the origin of, for SRs) the UL transmission would not hold anymore. In addition to the fact that it would revert long-time agreed RAN2 decisions, we think it should not be appropriate because MAC uses the actual content of the UL transmissions to determine their priorities while the network-controlled PHY prioritization is only based on a guess of what such UL transmissions will include. Hence, LCH-priority based RAN2 prioritization principles are more accurate than PHY prioritization from DCI and should be kept to handle MAC prioritization.
Proposal 3: MAC does not make further use of the new 2-level PHY priority indication/signaling, beyond the LCP mapping restriction. 
Two-level prioritization in MAC
RAN1 have only considered two levels of prioritization, primarily aiming at differentiating URLLC and eMBB service types. While RAN2 has not much discussed the granularity of priorities involved in MAC prioritization, it is a common understanding that LCH priority is a key component used to determine the priority of an UL transmission (PUSCH or SR) in MAC. Thus, 16-level prioritization is possible. However, since preempting an UL transmission is spectral inefficient, we have some sympathy with the RAN1 approach considering not optimizing the case where the overlapping transmissions both involve low priority traffic. Specifically, we think an already delivered PDU should not be de-prioritized and preempted by higher priority PDU or SR if the pre-empted and pre-empting UL transmissions both serve “low priority” traffic but with different priorities. In such case, the LCH-based prioritization rule should only run before any MAC PDU is generated. MAC determines whether an LCH priority is considered “low priority” (aka eMBB) or high priority (aka URLLC) based on an RRC-configured priority threshold. It is expected that NW consistently configures such threshold and assigns DCI priorities in dynamic grants.
Proposal 4: An RRC-configured priority threshold is used in MAC to map LCH priorities onto 2-level priority (“high”, “low”).
Proposal 5: An already delivered PDU should not be de-prioritized and preempted by higher priority PDU or SR if the pre-empted and pre-empting UL transmissions both serve “low priority” traffic.
PHY Prioritization of UL transmissions delivered by MAC 
PHY now have two options for handling prioritization of two MAC PDUs or a MAC PDU and an SR when both are delivered by MAC:
· Option 1: it follows MAC choice and prioritizes the last delivered item (SR or MAC PDU), irrespective of their PHY priorities
· Option 2: it prioritizes the UL transmission based on its PHY priority, irrespective of its delivery order by MAC  
We think Option 2 can make wrong decisions, for example in the following cases, as shown in Figure 1:
Case 1: A MAC PDU carried in a low PHY priority grant includes a high priority MAC CE, for example a PHR MAC CE triggered by pathloss change. While MAC will prioritize this UL transmission over other high priority transmissions [1][2], PHY will de-prioritize the low PHY priority grant.
Case 2: A high PHY priority dynamic grant is filled with padding because there is no URLLC data in the UE buffer. This can be due to misalignment between URLLC data and network grant, or BSR inaccuracy (which rough granularity is well known). The UL transmission fails and the UE gets a grant for a re-transmission, still with high priority. Such grant now collides with a low priority configured grant carrying data. While MAC will prioritize the CG (since the DG carries no data), PHY will de-prioritize the low PHY priority grant.


[bookmark: _Ref23677685]Figure 1: Two examples where PHY would make wrong decisions vs MAC
Moreover, RAN1 has not decided yet how to handle overlapped UL transmissions among high PHY priority channel/signals. While MAC can leverage a fine LCH priority granularity to prioritize UL transmissions among high priority services, PHY has no clue based on its two-level priority only. Similar to the case of overlapped UL transmissions among low PHY priority channel/signals, PHY could use Rel-15 rule. However, here again, we think PHY could make wrong decisions in some cases, as shown in the below two examples (Figure 2):
Case 3: Prioritization between VoIP and URLLC. Clearly VoIP is real-time traffic and should be considered as high priority since it should be prioritized over eMBB. However, URLLC traffic should take priority over VoIP, but only MAC can determine this.
Case 4: Similar to Case 2, a high priority dynamic grant is filled with padding since no URLLC data is available at the PUSCH transmission time. The data comes late which triggers an SR which MAC prioritizes over the PUSCH. Using Rel-15 behavior as default, PHY would wrongly prioritize the PUSCH.


[bookmark: _Ref23688311]Figure 2: Two examples of same PHY priority collisions where PHY would make wrong decisions vs MAC
The above cases show that PHY should not use the 2-level PHY priority indication/signaling to prioritize two concurrent MAC PDUs or a MAC PDU and an SR received from MAC for overlapping resources. Instead, it should prioritize the last item (SR or MAC PDU) received from MAC, and use the 2-level PHY indication/signaling for UCI prioritization only. 
Proposal 6: In case PHY receives from MAC two concurrent MAC PDUs or a MAC PDU and an SR for overlapping resources, it prioritize the UL transmission associated with the last item (SR or MAC PDU) received from MAC.
Conclusion
In this contribution, we discussed the impacts of intra-UE prioritization agreements in both RAN1 and RAN2, trying to assess how they can work together in a comprehensive framework. Our observations and proposals are as follows:
Proposal 1: RRC can configure an LCH to use:
· only dynamic grants that indicate/signal a high PHY priority; or
· only dynamic grants that indicate/signal a low PHY priority.
Obviously this configuration should be optional and, if not configured, an LCH should be allowed to use both dynamic grants that indicate/signal either a high or low PHY priority. 
Proposal 2: The LCH PHY priority mapping configuration is optional for an LCH and, when not configured, the LCH is allowed to use both dynamic grants that indicate/signal either a high or low PHY priority.
Proposal 3: MAC does not make further use of the new 2-level PHY priority indication/signaling, beyond the LCP mapping restriction. 
Proposal 4: An RRC-configured priority threshold is used in MAC to map LCH priorities onto 2-level priority (“high”, “low”).
Proposal 5: An already delivered PDU should not be de-prioritized and preempted by higher priority PDU or SR if the pre-empted and pre-empting UL transmissions both serve “low priority” traffic.
[bookmark: _GoBack]Proposal 6: In case PHY receives from MAC two concurrent MAC PDUs or a MAC PDU and an SR for overlapping resources, it prioritize the UL transmission associated with the last item (SR or MAC PDU) received from MAC.
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