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1	Introduction
In RAN2 #109bis-e, we have discussed whether MAC-based and PHY-based prioritization have to be configured jointly, and reached the following agreements [1]:
	RAN2 #109bis-e Agreements:
R2 assumes that PHY-based prioritization and LCH-based prioritization are configured independently and one can be configured without the other (assumption may be modified when LS reply from R1 is received)
FFS how to address the scenario where PHY layer of a UE which is not configured to perform PHY-based prioritization, receives from MAC layer two MAC PDUs related to overlapping grants.




In RAN1 #101-e, the following agreements were reached regarding PHY-based prioritization:
	Agreement
Send an LS to RAN2 to indicate that RAN1 was not able to reach consensus to support the following cases:
· high priority DG cancel the transmission of low priority CG in the physical layer
· high priority CG cancel the transmission of low priority DG in the physical layer
· FFS: Other details such as how RAN2 should consider this aspect in their work
LS is endorsed in R1-2005078.

[bookmark: _Hlk47597726]Agreement
· [bookmark: _Hlk46483382]For collision handling between CG and CG with different priorities
· If MAC delivers two MAC PDUs, it is up to UE implementation to make sure that the low priority CG PUSCH transmission can be cancelled before the start of the high priority CG PUSCH.

Agreement
RAN2 changes MAC specification to accommodate current PHY behaviour. With this option, MAC will avoid providing second MAC PDU with the same L1 priority to PHY, meaning that PHY would transmit the packet with lower LCH priority data. 
· Send an LS to RAN2 to inform them of this agreement 
· LS is endorsed in R1-2004899




This paper aims to address the following remaining issues on intra-UE prioritization:
· The MAC behaviour for the cases where only LCH-based prioritization is configured while PHY-based prioritization is absent. In particular, it is not clear how the situation should be handled if two MAC PDUs corresponding to two configured grants are delivered to PHY based on LCH priority, while PHY does not know which of them has higher priority and should be transmitted as PHY-based prioritization is not configured. 
· The MAC behaviour for the cases where only PHY-based prioritization is configured while LCH-based prioritization is absent. 
· UE capability: whether single or separate capability should be adopted for the PHY-based and LCH-based prioritizations features.
2	Discussion on cases without PHY-based or LCH-based Prioritization
Cases without PHY-based prioritization
First, we note that based on the latest RAN1 agreements given in Section 1, prioritization/cancellation for uplink grants at PHY is only possible for the scenario configured grant (CG) vs. CG with different PHY priorities; prioritization/cancellation for the scenarios CG vs. DG is not supported at PHY. In this case, if MAC delivers two MAC PDUs (e.g. the later grant can carry data with higher LCH priority while the MAC PDU for the earlier grant is already delivered), it is up to UE implementation to make sure that the low-priority CG PUSCH transmission can be cancelled before starting transmission of high-priority CG PUSCH. 
PHY-based prioritization relies on L1-priority of a grant to determine which of the conflicting CGs should be prioritized and transmitted. When PHY-based prioritization is not configured, essentially the gNB does not provide to the UE any uplink grant that is associated to a L1-priority. Therefore, from PHY point of view, all grants have the same priority, and this is exactly the same as the situation wherein the conflicting grants have the same L1-priority.
Observation 1: When PHY-based prioritization is not configured, it is basically equivalent to cases where conflicting grants have the same L1 priority.
Note that when both MAC-based (i.e. LCH-based) and PHY-based prioritization mechanisms are configured, RAN1 concluded (see the related agreement in Section 1) that MAC will avoid providing a second MAC PDU with the same L1 priority to PHY, meaning that PHY would transmit the packet with lower LCH priority data. Such behavior has been taken into account in RAN2 and it was agreed in RAN2 #110e [2]: 
	· [bookmark: _Hlk47597624](When MAC determines to generate a PDU) MAC entity shall not generate a PDU that cannot be transmitted due to collision with transmission (at least due to equal L1 priority). 



Based on the previous observation, this MAC handling could be also used for the cases where PHY-based prioritization is not configured but LCH-based prioritization is configured. In this case, the MAC may e.g. interact with PHY before generating the second MAC PDU, to determine if cancellation of the first MAC PDU is feasible.
Proposal 1: The cases where PHY-based prioritization is not configured but LCH-based prioritization is configured can be handled at MAC in the same way as the cases where the overlapping grants have the same L1 priority when both PHY-based and LCH-based prioritizations are configured. MAC may e.g. first interact with PHY to determine if cancelation of the first MAC PDU is feasible, to determine if the second MAC PDU should be generated.
Cases without LCH-based prioritization
As PHY-based and LCH-based prioritization can be configured independently, apart from the situation discussed above (where PHY-based prioritization is not configured), prospectively we also have the scenarios where only PHY-based prioritization is configured but LCH-based prioritization is absent. The problem with this case is, the MAC does not know which grant should be chosen when two or more grants are overlapped.
Essentially, when LCH-based prioritization is not configured, the MAC behavior should fallback to Rel-15, where DG is always prioritized over CG, and PUSCH is always prioritized over SR. However, in Rel-16 we could concurrently have multiple active CGs and hence it is unclear how to handle CG v.s. CG collisions, because this is not defined in Rel-15. 
We see two options:
1. Up to UE implementation
2. Grant selection by MAC based on grant information such as L1-priority
For Option 1, it is noted that currently there is a Note in TS 38.321 for CG v.s. CG collision:
	[bookmark: _Hlk34410642]TS 38.321 V16.0.0
[bookmark: _GoBack]NOTE 6:	If there is overlapping PUSCH duration of at least two configured uplink grants whose priorities are equal, the prioritized uplink grant is determined by UE implementation.



Naturally when LCH-based prioritization is not configured, the MAC should treat all conflicting grants as the same priority (rather than considering the LCH can be mapped to each of the grants). Thus, from this point of view, we can also extend this behavior to the cases without LCH-based prioritization as well, so it is up to UE implementation to determine which grant should be chosen for processing. However, one potential down side with this approach is it may lead to more detection hypothesis in some cases at the gNB side, which adds implementation complexity.
For Option 2, on the other hand, as PHY-based prioritization is configured, in fact MAC could utilize the L1-priority information relating to the grant to make the decision. For instance, when processing two grants with different L1-priority levels, the MAC could simply select the grant that has the higher L1-priority. It is worth noting that, in Rel-16 we have new LCH mapping restriction rules based on L1-priority and CG configuration indices:
	TS 38.321 V16.0.0
……
RRC additionally controls the LCP procedure by configuring mapping restrictions for each logical channel:
-	allowedSCS-List which sets the allowed Subcarrier Spacing(s) for transmission;
-	maxPUSCH-Duration which sets the maximum PUSCH duration allowed for transmission;
-	configuredGrantType1Allowed which sets whether a configured grant Type 1 can be used for transmission;
-	allowedServingCells which sets the allowed cell(s) for transmission;
-	allowedCG-List which sets the allowed configured grant(s) for transmission;
-	allowedPHY-PriorityIndex which sets the allowed PHY priority index(es) of a dynamic grant for transmission.



This implicitly states that the MAC is able to acquire such grant information from PHY (for purposes of LCP procedures), so theoretically the MAC could also utilize such information to carry out grant selection to handle collision cases. Nevertheless, there could be more specification complexity to introduce this behavior for cases without LCH-based prioritization. Moreover, as here we are mainly dealing with collision cases involving CG, the PHY prirority level of a CG is not necessarily available in MAC as allowedPHY-PriorityIndex is for dynamic grants only. It is unclear if the MAC can always have knowledge of L1-priority of Configured grants. Having said that, this option is more deterministic than Option 1 and hence more desirable in terms of number of detection hypothesis at the gNB.
Apparently there are pros and cons of both options, but RAN2 needs to make a decision to finalize the specifications.
Proposal 2: For the cases where LCH-based prioritization is not configured but PHY-based prioritization is configured, RAN2 should discuss and decide which of the following UE behavior should be adopted for grant selection by MAC:
1. Up to UE implementation
2. Grant selection by MAC based on grant’s L1-priority

3	UE capability for LCH priority-based and PHY-based prioritizations
Looking at the first agreement in Section 1, it is a common understanding that the PHY-based and LCH-based prioritizations features may work independently, although there are some inter-dependencies between them. For example, it is understood that when LCH-based prioritization is applied without PHY-based prioritization, PHY cannot handle two MAC PDUs associated with overlapping grants as per current specifications; this could still occur for the scenario CG vs. CG. On the other hand, in case PHY-based prioritization is applied without LCH-based prioritization on top, the overlapping grants and grants overlapping with scheduling requests will be handled as per Rel-15 behaviour, i.e. dynamic grants will always be prioritized over configured grants and any grant will always be prioritized over SR. Usefulness of PHY-based prioritization is in such a case limited as some types/scenarios of channels overlap would need to be avoided by MAC layer in a non-optimal Rel-15 way.
Observation 2: Full advantages of the intra-UE prioritization can be exploited in case PHY-based prioritization and LCH-based prioritization are applied together.
Therefore, we believe that intra-UE prioritization enhancements should be in practice treated as a single capability and we propose to agree on the following:
Proposal 3: The UE supporting LCH based prioritization shall also support PHY based prioritization and vice versa.
4	Conclusions
This paper first discusses how to handle the situations where either PHY-based prioritization or LCH-based configuration is not configured. We have the following observation and proposals:
Observation 1: When PHY-based prioritization is not configured, it is basically equivalent to cases where conflicting grants have the same L1 priority.
Proposal 1: The cases where PHY-based prioritization is not configured but LCH-based prioritization is configured can be handled at MAC in the same way as the cases where the overlapping grants have the same L1 priority when both PHY-based and LCH-based prioritizations are configured. MAC may e.g. first interact with PHY to determine if cancelation of the first MAC PDU is feasible, to determine if the second MAC PDU should be generated.
Proposal 2: For the cases where LCH-based prioritization is not configured but PHY-based prioritization is configured, RAN2 should discuss and decide which of the following UE behavior should be adopted for grant selection by MAC:
1. Up to UE implementation
2. Grant selection by MAC based on grant’s L1-priority


Moreover, the paper further examines UE capability relating to LCH-based and PHY-based prioritization features. The following observation and proposals are made in this regard:

Observation 2: Full advantages of the intra-UE prioritization can be exploited in case PHY-based prioritization and LCH-based prioritization are applied together.
Proposal 3: The UE supporting LCH based prioritization shall also support PHY based prioritization and vice versa.
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