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[bookmark: _Ref20839023]Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]It is a common understanding that the priority of the LCHs (potentially) included in a MAC PDU play a key role in determining the priority of the associated UL grant [1]. We have reached a conclusion on this issue. However, the exact determination of such MAC PDU priority considering MAC CE is still to be finalized, as captured in the current MAC running CR [2]. 
	Editor’s Note: Priority determination considering MAC CE and configuredGrantTimer is FFS.


In this contribution, we address the above leftover issue of priority determination considering MAC CE.
Discussion
Basic framework for priority determination considering MAC CE
Although the LCH priority should be the starting point of the priority determination, such rule ignores potential MAC CEs included in the MAC PDU, thus needs to be complemented to address (at least) the case where the MAC PDU only includes MAC CEs [3]. Some enhancements should be taken into account when determining the priority of a MAC PDU in the intra-UE prioritization rule. Hence we propose extending the simple method from the SI as follows: 
Proposal 1: The priority of a dynamic or configured grant is determined by the highest priority of:
· The LCH(s) it carries
· The MAC CE(s) multiplexed in the MAC PDU
Determination of the priority of a MAC CE
Two potential solutions on determinating the priority of a MAC CE are proposed:
Option 1: Reuse legacy hard-coded prioritization of MAC CE vs LCHs from LCP procedure.
Option 2: Introducing dynamic priority to MAC CE.
For option 1, in the current LCP procedure, MAC always allocates resources to specific MAC CEs first rather than data from any logical channel (except data from UL-CCCH). Given that the BSR MAC CE and PHR MAC CE in NR could be large and the IIoT traffic usually has very strict delay requirements, unnecessary delay and segmentation could be caused by the current LCP procedure. Similarly, if used for intra-UE prioritization, any uplink grant with a MAC PDU including a BSR or PHR MAC CE will always take priority over another uplink grant potentially carrying URLLC traffic. For option 2, we propose that the priorities of some MAC CEs are no longer hard-written in MAC specification but can be derived from the MAC CE content, or the MAC CE trigger. Considering these enhancements (e.g. introducing dynamic priority), it appears that option 2 is more efficient while enhancing the existing, hard-written, concept in MAC CE priorities. We therefore make the following proposal.
Proposal 2: The legacy MAC CE priorities hard-written in LCP procedure should be enhanced.
Next, we discuss below how to set the priorities of the various MAC CEs which priority is currently higher than UL-SCH in Rel-15 LCP priority ordering, for both intra-PDU (LCP) and intra-UE prioritization cases.
C-RNTI MAC CE
This MAC CE is used for contention resolution during the Random Access procedure and should obviously be included in the UL grant provided for Msg3, even if the UE has URLLC data to send. Hence the priority of the C-RNTI MAC CE should remain at highest priority.
Proposal 3: The C-RNTI MAC CE remains at highest priority in the LCP procedure, and is assigned accordingly the priority value 0 for intra-UE prioritization purpose.
CG confirmation MAC CE
This MAC CE is not necessarily linked with an LCH priority and is only one byte. Therefore it has little impact on the segmentation issue and, for simplicity, its priority can remain unchanged[footnoteRef:1]. [1:  We address specifically the priority of the new Multiple Entry Configured Grant Confirmation MAC CE in [4].] 

Proposal 4: The CG confirmation MAC CE remains at highest priority, below C-RNTI MAC CE in the LCP procedure, and is assigned accordingly the priority value 0 for intra-UE prioritization purpose.
PHR MAC CE
To fully exploit the benefits of 5G spectrum in high frequencies, a power control (PC) in the uplink should be well monitored. Uplink power control is intended to provide each user with an acceptable connection by eliminating unnecessary interference, especially for the IIoT case. In most scenarios, timely PHR MAC CE reporting can improve the overall performance of the system. Hence, differentiating the PHR trigger source is beneficial. For example, if PHR is triggered by the periodic timer, PHR MAC CE can take lower priority than a URLLC data transmission. For other trigger sources, PHR MAC CE should be prioritized over the URLLC data transmission.
Proposal 5: RAN2 should consider differentiating the PHR MAC CE priority based on the PHR trigger: PHR triggered by the periodic timer should not be prioritized over URLLC data.
BSR MAC CE
The determination of the priority of a BSR MAC CE carrying a regular or periodic BSR should be straight forward: it is equal to the priority of the LCH that triggered the BSR (per Rel-15 definition). The usefulness of this determination can be shown in the below example.
It was agreed in RAN2#108 that in case of equal-priority between SR and PUSCH, the PUSCH is prioritized, and that the priority of a PUSCH transmission overlapping with an SR is determined with the same rule as for data/data prioritization. With above proposal 1, it would then mean involving also the priorities of the MAC CEs multiplexed in the PDU. This actually makes sense when the MAC CE is a BSR MAC CE in the SR/PUSCH prioritization scenario. Indeed, it could be a typical case that:
1. New data arrives for an LCH, which triggers an SR because the next UL-SCH does not meet the LCP mapping restriction of the LCH triggering the SR (e.g. a CG not allowed for that LCH via configuredGrantType1Allowed)
2. When the SR resource comes, it overlaps with the above-mentioned UL-SCH which cannot include any data from the triggering LCH but can include the triggered BSR.
It is obvious that, if the LCP restriction is not related to the latency or the reliability of the LCH, as for example a CG-restriction (configuredGrantType1Allowed) or Cell-restriction (allowedServingCells), then there is no reason to prioritize the SR since the BSR can directly and timely bring more information. But if BSR MAC CE priority (set to the priority of its triggering LCH) is accounted for in the priority determination of the UL-SCH, both SR and PUSCH will have the same priority and the above prioritization rule in case of equal priority will prioritize the PUSCH, which is indeed the good solution for that case.
Proposal 6: The priority of a BSR MAC CE carrying a regular or periodic BSR is equal to the priority of the LCH that triggered the BSR.
On the other hand, in the same example, if the LCP restriction of the triggering LCH is related to the latency of the LCH, the above rule will again prioritize the PUSCH although the SR, faster, would have been more appropriate for that LCH. Thus, the solution to distinguish both cases is to apply the latency (maxPUSCH-Duration) LCP mapping restrictions to the regular and periodic BSR MAC CEs. 
Proposal 7: The latency (maxPUSCH-Duration) LCP mapping restrictions is applicable to regular and periodic BSR MAC CEs.
Conclusion
This contribution discussed priority determination considering MAC CE, resulting in the following proposals and according TPs for 38.321 are provided in Section 5:
Proposal 1: The priority of a dynamic or configured grant is determined by the highest priority of:
· The LCH(s) it carries
· The MAC CE(s) multiplexed in the MAC PDU
Proposal 2: The legacy MAC CE priorities hard-written in LCP procedure should be enhanced.
Proposal 3: The C-RNTI MAC CE remains at highest priority in the LCP procedure, and is assigned accordingly the priority value 0 for intra-UE prioritization purpose.
Proposal 4: The CG confirmation MAC CE remains at highest priority, below C-RNTI MAC CE in the LCP procedure, and is assigned accordingly the priority value 0 for intra-UE prioritization purpose.
Proposal 5: RAN2 should consider differentiating the PHR MAC CE priority based on the PHR trigger: PHR triggered by the periodic timer should not be prioritized over URLLC data.
Proposal 6: The priority of a BSR MAC CE carrying a regular or periodic BSR is equal to the priority of the LCH that triggered the BSR.
Proposal 7: The latency (maxPUSCH-Duration) LCP mapping restrictions is applicable to regular and periodic BSR MAC CEs.
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[bookmark: _Ref32508386]TPs for 38.321
Capturing the MAC CE priorities
	[bookmark: _Toc20428289]5.4.1	UL Grant reception
[…]
For the MAC entity configured with lch-basedPrioritization, priority of an uplink grant is determined by the highest priority among priorities of the logical channels with data available and MAC CE(s) that are multiplexed or can be multiplexed in the MAC PDU, according to the mapping restrictions as described in clause 5.4.3.1.2. The priorities of the MAC CEs are determined as follows:

-     C-RNTI MAC CE, Configured Grant Confirmation MAC CE, and Multiple Entry Configured Grant Confirmation MAC CE: 0;
-     Single Entry PHR MAC CE and Multiple Entry PHR MAC CE, not triggered by phr-PeriodicTimer: 0;
-     Single Entry PHR MAC CE or Multiple Entry PHR MAC CE, triggered by phr-PeriodicTimer: priorityPeriodicPHR, if configured; 0 otherwise;
-     MAC CE for BSR, with exception of BSR included for padding: equal to the priority of the LCH that triggered the BSR;
-     MAC CE for Recommended bit rate query: 15;
-     MAC CE for BSR included for padding: 15.
[…]
[bookmark: _Toc20428297]5.4.3.1.3	Allocation of resources
The MAC entity shall, when a new transmission is performed:
1>  allocate resources to the logical channels as follows:
2>  logical channels selected in clause 5.4.3.1.2 for the UL grant with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to infinity, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s). If priorityPeriodicPHR is configured and the PHR was triggered by phr-PeriodicTimer, logical channels with priority value < priorityPeriodicPHR are allocated resources before the Single or Multiple Entry PHR MAC CE. If a regular or periodic BSR is triggered, logical channels with higher priority than the BSR MAC CE (see subclause 5.4.1) are allocated resources before the BSR MAC CE;
2>  decrement Bj by the total size of MAC SDUs served to logical channel j above;
2>  if any resources remain, all the logical channels selected in clause 5.4.3.1.2 are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
NOTE:      The value of Bj can be negative.
[…]
Logical channels shall be prioritised in accordance with the following order (highest priority listed first):
-     C-RNTI MAC CE or data from UL-CCCH;
-     Configured Grant Confirmation MAC CE or Multiple Entry Configured Grant Confirmation MAC CE;
-     MAC CE for BSR, with exception of BSR included for padding;
-     Single Entry PHR MAC CE or Multiple Entry PHR MAC CE, not triggered by phr-PeriodicTimer;
-     MAC CE for BSR, with exception of BSR included for padding, or Single Entry PHR MAC CE or Multiple Entry PHR MAC CE triggered by phr-PeriodicTimer if priorityPeriodicPHR is configured, or data from any Logical Channel, except data from UL-CCCH;
-     MAC CE for Recommended bit rate query;
-     MAC CE for BSR included for padding.



Capturing the LCP mapping restriction for BSR MAC CE
	[bookmark: _Toc20428296]5.4.3.1.2	Selection of logical channels and BSR MAC CE
The MAC entity shall, when a new transmission is performed:
1>	select the logical channels for each UL grant that satisfy all the following conditions:
2>	the set of allowed Subcarrier Spacing index values in allowedSCS-List, if configured, includes the Subcarrier Spacing index associated to the UL grant; and
2>	maxPUSCH-Duration, if configured, is larger than or equal to the PUSCH transmission duration associated to the UL grant; and
2>	configuredGrantType1Allowed, if configured, is set to true in case the UL grant is a Configured Grant Type 1; and
2>	allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity (i.e. CA duplication) for which PDCP duplication is deactivated; and
2>	allowedCG-List, if configured, includes the configured grant index associated to the UL grant.
2>	allowedPriorityLevels, if configured, includes the priority index (as specified in clause 9 of TS 38.213 [6]) associated to the dynamic UL grant.
1>	if a regular or periodic BSR is triggered, select the associated BSR MAC CE if it satisfies the following condition:
2> maxPUSCH-Duration, if configured, of the logical channel that triggered the BSR is larger than or equal to the PUSCH transmission duration associated to the UL grant.
NOTE:	The Subcarrier Spacing index, PUSCH transmission duration, Cell information and priority index are included in Uplink transmission information received from lower layers for the corresponding scheduled uplink transmission.
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