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Introduction
In this paper, we discuss the PHY and MAC interaction to support intra-UE prioritization in Data/Data cases. The two-grant prioritization is needed in the following two scenarios: 1) between a configured grant and a dynamic grant; 2) between two configured grants. In what follows, when we talk about two overlapping grants, we assume at least one of them is a configured grant.
Discussion
On Data-Data prioritization 
One question that has been discussed is whether gNB will assign overlapping grants to a single UE with same HARQ PID or not. 
In the event that a dynamic grant ‘A’ is overlapping with a configured grant ‘B’, gNB is aware of the configured grant, therefore a good gNB implementation will allocate a different HARQ PID for the dynamic grant to avoid HARQ overlapping. In the event that ‘A’ and ‘B’ are from different configured grant configurations, different HARQ processes will be obtained for each configuration (given that gNB made use of the configuration option to have different HARQ offsets and temporal characteristics) based on the endorsed CR:
	For configured uplink grants with harq-procID-offset, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-procID-offset.



It became clear that gNB can configure different HARQ processes for the overlapping grants in all cases. For simplicity we should therefore take this as an assumption when discussing those overlapping cases. 
[bookmark: _Toc4592785][bookmark: _Toc32522733]RAN2 assumes that the overlapping grants’ HARQ PIDs are different in the prioritization process.

To summarize MAC’s prioritization process, according to our understanding and as discussed so far, if the overlapping case is between a configured grant and another configured grant or another dynamic grant: in such a case, UE checks the priority of the LCH that can be or has been multiplexed on each grant and determines the prioritization between the two grants. The following cases might happen:
1. If a later processed grant has a higher priority LCH and the MAC PDU of an earlier grant cannot be cancelled, then two MAC PDUs for two grants are built. 
2. If a later processed grant has a higher priority LCH and the MAC PDU of an earlier grant has not been built, then the earlier grant is dropped and only a single MAC PDU for the later grant is built. 
3. If a later processed grant has a lower priority LCH, then the later grant is dropped and only a single MAC PDU is assembled.
Based on the first point above, it is clear that when MAC generates two consecutive MAC PDUs, the subsequent PDU, passed from MAC to PHY, always has a higher priority in PHY.
[bookmark: _Ref32311264][bookmark: _Toc32312556][bookmark: _Toc32514520][bookmark: _Toc32520529][bookmark: _Toc32520607][bookmark: _Toc32520625][bookmark: _Toc32521875][bookmark: _Toc32521978][bookmark: _Toc32522031][bookmark: _Toc32522736]In the case that MAC generates two consecutive MAC PDUs, the subsequent PDU, always has a higher priority in MAC, i.e., MAC will only generate a subsequent PDU if it has higher importance than the first one, based on LCH prioritization procedure. 

In relation to this discussion, PHY layer will have two options for handling the prioritization procedures [2]:
1. Option-1: Based on MAC latest delivery (i.e., PDU) 
2. Option-2: Based on the indicated PHY priority only [3]. 
Many companies (Ericsson, CATT [2], etc.) have identified several cases where wrong decisions (from MAC point of view) would be taken by PHY if it follows Option-2, as described in [2].
The main conflicting case is CG pre-empting DG, i.e., when CG starts later than DG, and both have the same PHY priority, as illustrated in [image: ]
Figure 1. MAC & PHY conflicting prioritization decision with the same PHY-Priority of both CG and DG.
. MAC maps LCHs with higher priority, on CG, than which were mapped into DG. In this case, based on the below text from 38.214, PHY will prioritize the DG transmission, which contradicts with the MAC decision. 
[bookmark: _Ref32430452][image: ]
Figure 1. MAC & PHY conflicting prioritization decision with the same PHY-Priority of both CG and DG.
The collision handling stage is conducted in R1 as described in 38.214:
	[If [a UE reports the capability of intra-UE prioritization], and if a PUSCH corresponding to a configured grant and a PUSCH scheduled by a PDCCH on a serving cell are partially or fully overlapping in time, 
· If the PUSCH corresponding to the configured grant has priority in configuredGrantConfig set to 1 (i.e., high priority), and the PUSCH scheduled by the PDCCH is indicated as low priority by having the [priority indicator] field in the scheduling DCI set to 0 or by not having the [priority indicator] field present in the scheduling DCI, the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the PUSCH transmission scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant. 
· Otherwise, the UE shall cancel the PUSCH transmission corresponding to the configured grant at latest starting M symbols after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, and transmit the PUSCH scheduled by the PDCCH, where


[bookmark: _Toc32312557]Note that the second part of 38.214 collision handling specification text (‘otherwise’) is a leftover from Rel15 and has not been updated to suit Rel.16 objective. 
[bookmark: _Ref32311089][bookmark: _Toc32312558][bookmark: _Toc32514521][bookmark: _Toc32520530][bookmark: _Toc32520608][bookmark: _Toc32520626][bookmark: _Toc32521876][bookmark: _Toc32521979][bookmark: _Toc32522032][bookmark: _Toc32522737]Leaving prioritization to be based on PHY-priority will result in conflicting decision between MAC and PHY. 

One might argue that MAC already consider similar priority as PHY in case of both grants has the same priority, as described in a previous agreement:
	RAN2#107 agreement:
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.


This RAN2 agreement addresses the MAC prioritization case where the highest priorities of LCHs that are mapped to the conflicting grant are equal, NOT PHY-priority of conflicting grants are equal. Hence, even if PHY-priorities of the grants are equal, while the mapped LCHs (to each grant) have different priority, then MAC would prioritize the grant with higher LCH priority mapped to it.
As concluded in the NR-IIoT WI objective [1] and the below agreements, the prioritization between any two overlapping grants should be based on which LCH the data is to be multiplexed from, and the associated priority of the LCH. It is rather obvious that the MAC should prioritize the grant which carries more important data, typically corresponding to a higher priority LCH. In line with this, the following agreements have been made in previous meetings:
	NR-IIoT WI Objective:
· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].
· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].
RAN2#107 Agreement:
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
RAN2#108 Agreement:
For CGCG conflicts, and CGDG conflicts, the priority value of an uplink grant (UL-SCH resource) is the highest priority of the LCHs that is multiplexed or can be multiplexed in MAC PDU, taking into account LCH restrictions and data availability. 



[bookmark: _Ref32312860][bookmark: _Toc32514522][bookmark: _Toc32520531][bookmark: _Toc32520609][bookmark: _Toc32520627][bookmark: _Toc32521877][bookmark: _Toc32521980][bookmark: _Toc32522033][bookmark: _Toc32522738]RAN2 has agreed that collision prioritization process is handled based on LCH priority and other factors taken into account in MAC. 

Based on Observation 1 up to Observation 3, it is clear that RAN1 needs to update the grant collision handling specification text and avoid the conflicting decisions with RAN2. Hence, we propose the following:
[bookmark: _Toc32514557][bookmark: _Toc32522734]For overlapping grants, when MAC generates two MAC PDUs, the second PDU has a higher priority from MAC point of view (LCH-based-priority), and thus shall be transmitted by PHY.

To solve the conflicting behaviour of MAC and PHY, as in Proposal 2, coordination is required with RAN1, therefore we should:
[bookmark: _Toc32522735]Approve LS to RAN1 [draft in R2-2000796] indicating solution from P2 resulting in inconsistency in intra-UE prioritization decision for data/data between MAC and PHY.

Conclusion
The following observations have been made:
Observation 1	In the case that MAC generates two consecutive MAC PDUs, the subsequent PDU, always has a higher priority in MAC, i.e., MAC will only generate a subsequent PDU if it has higher importance than the first one, based on LCH prioritization procedure.
Observation 2	Leaving prioritization to be based on PHY-priority will result in conflicting decision between MAC and PHY.
Observation 3	RAN2 has agreed that collision prioritization process is handled based on LCH priority and other factors taken into account in MAC.
[bookmark: _GoBack]
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 assumes that the overlapping grants’ HARQ PIDs are different in the prioritization process.
Proposal 2	For overlapping grants, when MAC generates two MAC PDUs, the second PDU has a higher priority from MAC point of view (LCH-based-priority), and thus shall be transmitted by PHY.
Proposal 3	Approve LS to RAN1 [draft in R2-2000796] indicating solution from P2 resulting in inconsistency in intra-UE prioritization decision for data/data between MAC and PHY.
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1 Agreements
RAN2#106
· 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
RAN2#107
· R2 will de-prioritize work on intra-UE prioritization until R1 has made more progress. 
· 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 are 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
RAN2#107bis
· 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.
RAN2#108
· The TPs can work, as baseline (maybe some details to fix)
· UE autonomously transmits the de-prioritized PDU as a new transmission in a CG resource from the same CG configuration (FFS different CG configuration)
· The new CG uses the same HARQ process as the deprioritized CG.
· The Aut (re-) transmission feature is optional
· The case when the next CG resource cannot be used for a retransmission because of UE processing time limitation can occur (no consensus on whether this is a corner case or a mainstream case). Leave the timeline restriction to UE implementation (we don’t specify a new number, can specify something). 
· UE shall not perform autonomous transmission of the PDU if network has scheduled a retransmission grant for the PDU. FFS whether we specify some time restriction. 
· RRC configures a LCH with one or more allowed L1-priority level values (e.g. in a allowedPriorityLevels list) in LogicalChannelConfig (as in the current LCH restrictions), applied at least for mapping to DG, FFS for CG 
· For CGCG conflicts, and CGDG conflicts, the priority value of an uplink grant (UL-SCH resource) is the highest priority of the LCHs that is multiplexed or can be multiplexed in MAC PDU, taking into account LCH restrictions and data availability. 
· If PUCCH resource for an SR’s transmission occasion overlaps a UL-SCH resource, SR’s transmission is allowed (prioritized) based on a comparison of priority of the LCH that triggered the SR and a priority value for the UL-SCH resource (where the priority value is determined as in previous agreement), if the priority of the LCH that triggered the SR is higher.
· For CG-CG conflict with equal priority, prioritization is up to UE implementation.
· For SR-Data conflict with equal priority, UL-SCH (i.e. data) is prioritized.
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