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1. Introduction
Intra-UE prioritization has been discussed in previous meetings and progress has been made. But there are still some issues left in the agreed MAC running CR [1]:
	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 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. 

Editor’s Note: Priority determination considering MAC CE and configuredGrantTimer is FFS.


In this contribution, we will mainly discuss the following two issues relate to MAC CE: 
· Prioritization between MAC CEs and URLLC data during multiplexing and assembly
· Priority definition of PUSCH in consideration of MAC CE during intra-UE prioritization
2. Discussion
2.1 Prioritization between MAC CEs and URLLC data 
During the SI phase, the issue of prioritization between MAC CEs (i.e. L2 control) and URLLC data was discussed and some potential solutions were proposed [2]. Most companies consider this issue necessary to be solved in the email discussion. Thus we think it is worthwhile to be further studied in the WI phase in order to formulate a comprehensive solution of intra-UE prioritization from RAN2 point of view. 
In the current running CR for TS38.321, most MAC CEs have higher priority than data from logical channels except for CCCH. Specifically the priority order is shown as follows:
	Logical channels shall be prioritized 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;
-
data from any Logical Channel, except data from UL-CCCH;

-
MAC CE for Recommended bit rate query;

-
MAC CE for BSR included for padding.


Generally, MAC CEs can be classified into two categories: 
Category 1: MAC CEs with relatively lower priority than any type of service data. 
Category 2: MAC CEs with relatively higher priority than data from any LCH except for UL-CCCH. 
Obviously, for Category 1, regardless of URLLC or eMBB data encapsulated in the MAC PDU, the data will be always prioritized for allocating resource during multiplexing and therefore the performance of URLLC data will not be affected by those lower priority MAC CEs. 
However, for Category 2, given the presence of URLLC data and higher priority MAC CEs, how to prioritize between them during multiplexing will result in different MAC PDU assembly. In the following discussion, we will investigate the prioritization between category 2 MAC CEs and data.
2.1.1 Priority of MAC CE for BSR 

Provided that BSR is triggered by arrival of the new data, it is normally the case that BSR MAC CE and data are always multiplexed into one MAC PDU. In this case, there will be an issue when both eMBB and URLLC service are involved. For instance, if there are URLLC data available and pending BSR for eMBB service simultaneously, which one should be transmitted first when there is an uplink grant? According to the current procedure, resource will be allocated to BSR before being allocated to URLLC data, which may cause lack of resource for URLLC data transmission and result in delay of the URLLC service. This is not desirable as BSR for eMBB are not as time-sensitive as URLLC data. 
Observation: In current specs, BSR for eMBB services are prioritized over URLLC data during multiplexing, which may lead to delay of URLLC traffic.
To solve this issue, two solutions can be considered based on the previous discussion:

Solution 1: Apply the LCP restriction to MAC CE as well.
Solution 2: Prioritize URLLC data over BSR triggered by eMBB data. 

For Solution 1, if one UL grant is for URLLC data, then BSR triggered by LCHs with eMBB data cannot be transmitted on the UL grant. With this LCP restriction, BSR for URLLC service and URLLC data can be prioritized and BSR for eMBB service on URLLC grant. However the problem is that, the logic of LCP restriction on MAC CE is different from that on data: for MAC CE, eMBB MAC CE cannot be transmitted on URLLC grant; but for data, URLLC data cannot be transmitted on eMBB grant. In this case, new configuration is needed for LCP restriction on MAC CE.
For Solution 2, the LCP priority order needs to be changed by differentiating BSR MAC CE triggered by different kinds of data. To be more specific, for certain logical channels, e.g. URLLC LCHs, the data and the triggered BSR should be prioritized over the BSR triggered by other LCHs. 
In summary, both solutions can address the critical issue for URLLC transmission and due to specs efforts and the complexity, solution 2 is preferred. 

Specifically, following the logic of intra-UE prioritization, prioritization between BSR and data during multiplexing can be determined by the priority of BSR and data. And the priority of BSR can be defined as the by the priority of data reported in the BSR. Thus we have the following proposals:
Proposal 1: Prioritization between BSR and data during multiplexing is determined by the priority of BSR and data. 
Proposal 2: Priority of BSR is determined by the priority of data reported in the BSR.

2.1.2 Priority of category 2 MAC CEs other than BSR
Other than BSR MAC CE discussed above, some other MAC CEs are also of higher priority than data in multiplexing, including:
-
C-RNTI MAC CE;

-
Configured Grant Confirmation MAC CE or Multiple Entry Configured Grant Confirmation MAC CE;

-
Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;

For C-RNTI MAC CE, normally it is used in CB-BFR and SR failure/out-of-sync triggered RA for RRC_CONNECTED. In such cases, scheduling cannot be done and this will affect transmission of all types of traffic regardless of URLLC or MBB. Therefore, we think it is reasonable to prioritize the C-RNTI MAC CE over URLLC data. 

For CG confirmation MAC CE, it is associated with the CG resource that are mostly intended for URLLC traffic. As a result, the MAC CE is expected to transmit over the corresponding CG resource and hence the configured grant confirmation MAC CE should also be prioritized over URLLC data.

PHR MAC CE is used to do power control which is for scheduling of all kinds of traffic regardless of URLLC or MBB, and therefore it should also be prioritized over any type of data.
Proposal 3: C-RNTI MAC CE, Configured Grant Confirmation MAC CE or Multiple Entry Configured Grant Confirmation MAC CE and PHR MAC CEs are of higher priority than any kind of data.
2.2 Priority definition of PUSCH considering MAC CE
Based on discussion in above Section 2.1, prioritization between MAC CEs and data during intra-PDU multiplexing can be well addressed. Then, it comes to the issue for inter-PDU prioritization during PUSCH transmission and prioritization between PUSCH and PUCCH, especially when MAC CE is involved. For this issue, the basic logic is to compare the priorities of different PUSCHs and PUCCH if related. The priority definitions of PUSCH and PUCCH are given as below:
	PUSCH priority: determined by the highest priority among priorities of the logical channels with data available that are multiplexed or can be multiplexed in the MAC PDU. 

PUCCH priority: determined by the priority of the logical channel that triggered the SR.


However, as we all know, PUSCH is also used to transmit MAC CEs, which makes it unreasonable to not consider MAC CE when determining the PUSCH priority. Because when high priority MAC CEs such as Configured Grant Confirmation MAC CEs are include in a MAC PDU, it should be prioritized over SR transmission. More importantly, in some cases, a MAC PDU may only include MAC CEs and no data. The priority of MAC CEs are determined as proposed in Section 2.1.
Proposal 4: Determination of the priority of an uplink grant should take into account the priority of MAC CEs that are multiplexed or can be multiplexed in the MAC PDU.
3. Conclusion
In this contribution, we discussed two issue of intra-UE prioritization related to MAC CE and have the following proposals:
Observation: In current specs, BSR for eMBB services are prioritized over URLLC data during multiplexing, which may lead to delay of URLLC traffic.
Proposal 1: Prioritization between BSR and data during multiplexing is determined by the priority of BSR and data. 
Proposal 2: Priority of BSR is determined by the priority of data reported in the BSR.

Proposal 3: C-RNTI MAC CE, Configured Grant Confirmation MAC CE or Multiple Entry Configured Grant Confirmation MAC CE and PHR MAC CEs are of higher priority than any kind of data.
Proposal 4: Determination of the priority of an uplink grant should take into account the priority of MAC CEs that are multiplexed or can be multiplexed in the MAC PDU.
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