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[bookmark: _Ref40883587]Introduction
In RAN2#109bis-e meeting, the joint/independent configuration of intra-UE prioritization in PHY and MAC layers was discussed, resulting in the following agreement:
	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)


In this contribution, we analyse the impacts of this agreement, and suggest revisiting it.
Discussion
0. Capability considerations
First, it is important to recall that both RAN1 and RAN2 consider so far that the L1 and L2 capabilities related to intra-UE prioritization go jointly i.e. the support of L1 and L2 intra-UE prioritization features cannot be independent of each other:
38.306 CR [1]:
	4.2.6	MAC parameters
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	autonomousTransmission-r16
Indicates whether the UE supports autonomous transmission of the MAC PDU generated for a deprioritized configured uplink grant as specified in TS 38.321 [8]. A UE supporting this feature shall also support lch-priorityBasedPrioritization-r16.
	UE
	No
	No
	No

	lch-PriorityBasedPrioritization-r16
Indicates whether the UE supports prioritization between overlapping grants and between scheduling request and overlapping grants based on LCH priority as specified in TS 38.321 [8]. The UE supporting lch-PriorityBasedPrioritization-r16 shall also support [phy-LayerPrioritization-r16].
	UE
	No
	No
	No


[…]



[bookmark: _GoBack]RAN1 feature list [4]:
	Features
	Index
	Feature group
	Components
	Note

	12. NR_IIOT
	12-1
	UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
	Support intra-UE multiplexing/prioritization of UL overlapping channels/signals with two priority levels in physical layer (PHY)
1. Configuration of PHY priority level for CG PUSCH and SR, and dynamic indication of priority level for dynamic PUSCH
1. Multiplexing/prioritization between UL channels/signals with the same PHY priority level
1. Prioritization between UL channels/signals with different PHY priority levels
1. Additional number of symbols (d1) needed beyond the PUSCH preparation time for cancelling a low priority UL transmission.
1. Additional number of symbols (d2) needed beyond the PUSCH preparation time for scheduling a high priority UL transmission that cancels a low priority UL transmission 
	[A UE supporting this feature shall also support the LCP restriction based on DCI priority indication ([lch-ToGrantPriorityRestriction-r16]) and intra-UE prioritization in MAC ([lch-PriorityBasedPrioritization-r16]).] 
The relationship between this feature and the feature of up to two HARQ-ACK codebooks of 11-4x including merging these features should be further discussed.



Observation #1: From capability perspective, UE must jointly support/not support the MAC and PHY features:
· lch-PriorityBasedPrioritization-r16 and
· UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
Hence, the independent configuration of PHY-based UL prioritization and LCH-based UL prioritization is not motivated by independent capability support.
Observation #2: The independent configuration of PHY-based UL prioritization and LCH-based UL prioritization is not motivated by independent capability support.
0. What means PHY-based prioritization configuration?
In practice, there is no such parameter as “phy-BasedPrioritization” defined by RAN1 in their Rel-16 RRC parameters list [1]. So we need to identify which L1 RRC parameter(s) are representative of what RAN2 assumes with phy-BasedPrioritization. So far, RAN1 defined L1 parameters related to “PHY prioritization” for both DL and UL directions captured in the eURLLC and IIOT tabs of [1] respectively. The parameters related to intra-UE prioritization are captured in Table 1 and Table 2 respectively.
[bookmark: _Ref40860730]Table 1: L1 RRC parameters associated with “PHY prioritization” of DL transmissions
	Parameter name
	Description

	PriorityIndicator-ForDCIFormat1_1
	Configure the presence of "priority indicator" in DCI format 1_1. When the field "PriorityIndicator-ForDCIFormat1_1" is absent in the IE, then 0 bit for "Tpriority indicator" in DCI format 1_1.

	PriorityIndicator-ForDCIFormat1_2
	Configure the presence of "priority indicator" in DCI format 1_2. When the field "PriorityIndicator-ForDCIFormat1_2" is absent in the IE, then 0 bit for "Tpriority indicator" in DCI format 1_2.

	harq-CodebookID
	Configuration for a SPS configuration indicating the HARQ-ACK codebook index for the corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release

	pdsch-HARQ-ACK-Codebook-List
	A list of configuration for at least two simultaneously constructed HARQ-ACK codebooks, each configuration in the list is defined in the same way as in section 6.3.2 in 38.331 for pdsch-HARQ-ACK-Codebook



[bookmark: _Ref40860945]Table 2: L1 RRC parameters associated with “PHY prioritization” of UL transmissions
	Parameter name
	Description

	PriorityIndicator-ForDCIFormat0_1
	Configure the presence of "priority indicator" in DCI format 0_1. When the field "PriorityIndicator-ForDCIFormat0_1" is absent in the IE, then 0 bit for "Tpriority indicator" in DCI format 0_1.

	PriorityIndicator-ForDCIFormat0_2
	Configure the presence of "priority indicator" in DCI format 0_2. When the field "PriorityIndicator-ForDCIFormat0_2" is absent in the IE, then 0 bit for "Tpriority indicator" in DCI format 0_2.

	schedulingRequestPriority
	Configuration for a SR resource indicating whether it is high or low priority in PHY prioritization/multiplexing handling.

	priority
	Configuration for a configured grant configuration  indicating whether it is high or low priority in PHY prioritization/multiplexing handling



The L1 parameters from Table 1 are for the prioritization of HARQ-ACK feedback of SPS and dynamic DL assignments grants with different priorities, which is transparent to MAC. Therefore, from MAC perspective, the relevant L1 parameters associated with “phy-BasedPrioritization” are those from Table 2.
A first observation is that, unlike in RAN2 where Rel-16 intra-UE prioritization function is configured (enabled/disabled) via the single “umbrella” RRC parameter lch-BasedPrioritization-r16, no such “umbrella” parameter exists in RAN1 which RRC parameters controlling intra-UE prioritization function are configured independently for SR, CG and dynamic grants.
Observation #3: No “umbrella” parameter is defined so far in RAN1 for “phy-BasedPrioritization”.
Observation #4: “phy-BasedPrioritization” can be considered as configured when:
· at least one of the scheduling request configurations is configured with schedulingRequestPriority = 1; or
· at least one of the configured grant configurations is configured with priority = 1; or
· the priority indicator in dynamic grant (PriorityIndicator-ForDCIFormat0_1/2) is configured.
0. Timeline aspects
We first summarize Rel-16 MAC behavior when lch-BasedPrioritization is/is not configured:
· if lch-BasedPrioritization is configured, then MAC handles the prioritization between overlapping grants which may or may not lead to deliver two MAC PDUs (or both MAC PDU and SR) to PHY;
· if lch-BasedPrioritization is not configured, then:
· For overlapping CG and DG, MAC always prioritizes the DG, as in Rel-15 and only delivers the associated MAC PDU to PHY
· For overlapping CG and CG, MAC delivers both MAC PDUs to PHY.
· For overlapping PUSCH and SR, the Rel-15 behavior would apply where, only the MAC PDU will be delivered to PHY.
The above yellow text results from the below MAC specification ([2] Section 5.4.1) extract and assumes the Rel-15 time line as illustrated in Figure 1 where MAC is aware of the DG ahead of the CG resource.
	For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
1>	if the MAC entity is configured with lch-basedPrioritization; or
1>	if the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response for this Serving Cell or with a transmission of MSGA payload:
2>	set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;


However, it is unclear, when lch-BasedPrioritization is not configured and a CG configuration is configured with priority = 1 while a dynamic grant can indicate low priority transmission which of Rel-15 or Rel-16 timelines apply for the deadline for a DCI to schedule a dynamic grant overlapping with a configured grant, as shown in Figure 1.


[bookmark: _Ref40880257]Figure 1: Rel-15 and Rel-16 timelines for DG cancelling CG
Depending on the timeline, the current MAC specification has different behaviors:
· Rel-15 timeline: MAC only delivers the MAC PDU associated with the dynamic grant (as in Rel-15), PHY transmits the dynamic grant and does not transmit the configured grant, which is not aligned with UE expected behavior from PHY perspective.
· Rel-16 timeline: MAC delivers subsequently both MAC PDUs to PHY and PHY prioritizes the configured grant, which is aligned with UE expected behavior, from PHY perspective.

Observation #5: When lch-BasedPrioritization is not configured and “phy-BasedPrioritization” is configured, MAC applies the Rel-15 behavior, but it is unclear with which timeline: Rel-15 or Rel-16 timeline, resulting in different potential behaviors.
0. Analysis of scenarios with independent MAC/PHY prioritization configurations
In this analysis, we assume that:
· either PHY supports prioritizing the PUSCH associated with the latest delivered MAC PDU for same-priority overlapping PUSCHs;
· or PHY does not support prioritizing the PUSCH associated with the latest delivered MAC PDU for same-priority overlapping PUSCHs and the fallback MAC TP in [3] is used to cope with that.
In other words, we only identify the new issues resulting from the independent MAC/PHY prioritization configuration.
The below table lists the possible scenarios resulting from independent MAC/PHY prioritization configurations.
Table 3: Combinations of MAC/PHY prioritization configurations
	Case#
	lch-BasedPrioritization
	schedulingRequestPriority
	(CG) priority
	PriorityIndicator-ForDCIFormat0_1(2)
	UE behavior

	1
	Configured
	= 1 in any of SR configs
	= 0 in all CG configs
	Not configured
	The high-priority SR is always prioritized over all other UL transmissions. And all PUSCHs have same PHY priority. Not sure if there is any relevant scenario for this configuration. When MAC intra-UE prioritization of overlapping PUSCHs would result in delivering subsequently 2 MAC PDUs to PHY:
Case 1): PHY supports prioritizing the PUSCH associated with the latest delivered MAC PDU for same-priority overlapping PUSCHs and there is no problem.
Case 2): PHY does not support prioritizing the PUSCH associated with the latest delivered MAC PDU for same-priority overlapping PUSCHs. In such case the fallback MAC TP [3] should apply where MAC prioritization only applies once for overlapping UL grants with same PHY-priority which starting times are not time-aligned, and MAC always delivers only one MAC PDU.
One consequence is that a late arrival of higher priority data for the 2nd PUSCH will be delayed.

	2
	Configured
	= 0 in all SR configs
	= 1 in any of CG configs
	Not configured
	This could be a relevant scenario where the configured grant serves only one deterministic periodic traffic. However, logical channels in MAC will still have different priorities which will be mapped to associated triggered SR priorities. Hence there will be cases when an SR is prioritized in MAC but de-prioritized in PHY (following the R15 rule with equal-prio SR/PUSCH) if overlapping with any PUSCH. Since this is not the expected behavior, it would be better to configure at least one SR configuration with high PHY priority to address the higher range of logical channels priorities.

	3
	Configured
	= 0 in all SR configs
	= 0 in all CG configs
	Configured
	This could be a scenario where the network serves non-deterministic TSN traffic via dynamic grant and configured grants are only used for lower priority traffic. It would look strange though that all SR PHY priorities are equal since SR procedure is key for dynamic grants. Indeed, this high priority channel will trigger high priority SR in MAC which, similar to above, will always be de-prioritized in PHY. So here again, it would be better to configure at least one SR configuration with high PHY priority to address the high priority traffic served by the high priority dynamic grants.

	4
	Configured
	= 0 in all SR configs
	= 0 in all CG configs
	Not configured
	This is the case where MAC is configured to support intra-UE prioritization with no support at all in PHY. We have all the issues described above.

	5
	Not configured
	= 1 in any of SR configs
	= 0 in all CG configs
	Not configured
	This configuration makes no sense because MAC will apply the rel-15 behavior to SR/PUSCH collisions, i.e. always de-prioritize SR. Hence, although an SR configuration is configured with higher priority than a PUSCH transmission in PHY, it would not be delivered by MAC. Or we need to change MAC to cope with this specific configuration. 

	6
	Not configured
	= 0 in all SR configs
	= 1 in any of CG configs
	Not configured
	- CG/DG:
- MAC will always prioritize a DG meeting the R15 timeline and only deliver the associated PDU hence the higher PHY priority of the CG is violated by MAC, resulting in inconsistent MAC/PHY behaviors.
- If Rel-16 timeline applies, MAC may deliver the MAC PDUs for both CG and (late) DG considering DG should be prioritized (Rel-15) but PHY will prioritize the CG instead, resulting in inconsistent MAC/PHY behaviors.
- CG/CG: MAC always delivers two PDUs to PHY and let PHY prioritize them. In this specific configuration, it is the high-prio CG that would be prioritized by PHY and the low-prio CG that would be de-prioritized. But the handling of the de-prioritized PDU can only be done by network re-transmission requests, not by autonomous transmissions (part of MAC intra-UE prioritization configuration). However this will lead to a large amount of wasted resources since the CG might not have had any data, which network cannot know and is why we designed the autonomous transmission.

	7
	Not configured
	= 0 in all SR configs
	= 0 in all CG configs
	Configured
	- CG/DG: PHY prioritizes the DG irrespective of whether MAC delivers one or two PDUs, which is consistent behavior.
- CG/CG: same as above, in this specific configuration, it is the low-prio CG that would be prioritized by PHY and the high-prio CG that would be de-prioritized. But the handling of the de-prioritized PDU can only be done by network re-transmission requests, not by autonomous transmissions (part of MAC intra-UE prioritization configuration). However this will lead to a large amount of wasted resources since the CG might not have had any data, which network cannot know and is why we designed the autonomous transmission.

	8
	Not configured
	= 1 in any of SR configs
	= 1 in any of CG configs
	Configured
	The concatenation of all issues in above three rows.

	9
	Not configured
	= 0 in all SR configs
	= 0 in all CG configs
	Not configured
	Rel-15



We draw the conclusions of the above analysis as follows:
Observation #6: If lch-BasedPrioritization is configured and neither (CG) priority nor PriorityIndicator-ForDCIFormat0_1(2) is configured, all PUSCHs have same PHY priority resulting in sub-optimal treatment of all overlapping PUSCHs which starting times are not time-aligned.
Observation #7: If lch-BasedPrioritization is configured, it does not make sense to configure the priority indicator in dynamic grant without configuring an associated SR configuration with high PHY priority.
Observation #8: If lch-BasedPrioritization is not configured, it does not make sense to configure an SR configuration with high PHY priority, or a new MAC change would be required (on top of [3]) to cope with it.
Observation #9: If lch-BasedPrioritization is not configured, a CG configuration with high PHY priority will always be de-prioritized by an overlapping DG meeting Rel-15 timeline, resulting in inconsistent MAC/PHY behaviors (and so configurations).
Observation #10: If lch-BasedPrioritization is not configured, the MAC PDU of a CG configuration with high PHY priority may be delivered along with the PDU of a late DG (under Rel-16 timeline) prioritized by MAC (per Rel-15) but PHY will prioritize the CG instead, resulting in inconsistent MAC/PHY behaviors (and so configurations).
Observation #11: If lch-BasedPrioritization is not configured, for overlapping CGs, MAC always delivers both PDUs irrespective of their PHY priority, and the handling of the de-prioritized PDU can only be done by network re-transmission requests, not by autonomous transmissions, which will lead to a large amount of wasted resources.
From all above observations, it results that the agreement in Section 1 from RAN2#109bis-e meeting on independent configuration of intra-UE prioritization in PHY and MAC layers finds no real motivation but results in a large number of MAC/PHY inconsistent behaviours and inefficiencies, and raises new timeline issues.
Therefore it is proposed that:
Proposal: lch-basedPrioritization shall be configured in any of the following cases:
· at least one of the scheduling request configurations is configured with schedulingRequestPriority = 1; or
· at least one of the configured grant configurations is configured with priority = 1; or
· the priority indicator in dynamic grant (PriorityIndicator-ForDCIFormat0_1/2) is configured
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60]This contribution assessed in detail the impact of the independent configurations of MAC and PHY layers regarding the intra-UE prioritization function, resulting in the following observations and proposal:
Observation #1: From capability perspective, UE must jointly support/not support the MAC and PHY features:
· lch-PriorityBasedPrioritization-r16 and
· UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
Observation #2: The independent configuration of PHY-based UL prioritization and LCH-based UL prioritization is not motivated by independent capability support.
Observation #3: No “umbrella” parameter is defined so far in RAN1 for “phy-BasedPrioritization”.
Observation #4: “phy-BasedPrioritization” can be considered as configured when:
· at least one of the scheduling request configurations is configured with schedulingRequestPriority = 1; or
· at least one of the configured grant configurations is configured with priority = 1; or
· the priority indicator in dynamic grant (PriorityIndicator-ForDCIFormat0_1/2) is configured.
Observation #5: When lch-BasedPrioritization is not configured and “phy-BasedPrioritization” is configured, MAC applies the Rel-15 behavior, but it is unclear with which timeline: Rel-15 or Rel-16 timeline, resulting in different potential behaviors.
Observation #6: If lch-BasedPrioritization is configured and neither (CG) priority nor PriorityIndicator-ForDCIFormat0_1(2) is configured, all PUSCHs have same PHY priority resulting in sub-optimal treatment of all overlapping PUSCHs which starting times are not time-aligned.
Observation #7: If lch-BasedPrioritization is configured, it does not make sense to configure the priority indicator in dynamic grant without configuring an associated SR configuration with high PHY priority.
Observation #8: If lch-BasedPrioritization is not configured, it does not make sense to configure an SR configuration with high PHY priority, or a new MAC change would be required (on top of [3]) to cope with it.
Observation #9: If lch-BasedPrioritization is not configured, a CG configuration with high PHY priority will always be de-prioritized by an overlapping DG meeting Rel-15 timeline, resulting in inconsistent MAC/PHY behaviors (and so configurations).
Observation #10: If lch-BasedPrioritization is not configured, the MAC PDU of a CG configuration with high PHY priority may be delivered along with the PDU of a late DG (under Rel-16 timeline) prioritized by MAC (per Rel-15) but PHY will prioritize the CG instead, resulting in inconsistent MAC/PHY behaviors (and so configurations).
Observation #11: If lch-BasedPrioritization is not configured, for overlapping CGs, MAC always delivers both PDUs irrespective of their PHY priority, and the handling of the de-prioritized PDU can only be done by network re-transmission requests, not by autonomous transmissions which will lead to a large amount of wasted resources.

Proposal: lch-basedPrioritization shall be configured in any of the following cases:
· at least one of the scheduling request configurations is configured with schedulingRequestPriority = 1; or
· at least one of the configured grant configurations is configured with priority = 1; or
· the priority indicator in dynamic grant (PriorityIndicator-ForDCIFormat0_1/2) is configured
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