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Introduction
MAC-based Intra-UE prioritization is aimed at providing some prioritization rules to prioritize one PUSCH for transmission when the following conflicting cases occur:
Case 1: Conflicting PUSCHs when at most one PUSCH is from a DG (e.g., CG/CG confliction and CG/DG confliction)
Case 2: Conflicting PUSCH and SR
The endorsed MAC running CR [1] has captured the MAC-based intra-UE prioritization rules. However, with the MAC-based intra-UE prioritization rule, there still exist 2 scenarios where more than one uplink grants overlap and none of them can be transmitted. Thus, based on the introduced scenarios, it is suggested that the MAC-based intra-UE UL prioritization could consider the status(es) of the configuredGrantTimer(s) for the HARQ process(es) of the overlapping uplink grants.
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]RAN2 has been discussing MAC-based intra-UE prioritization in order to solve conflicting case 1 and case 2: 
Case 1: Conflicting PUSCHs when at most one PUSCH is from a DG (e.g., CG/CG confliction and CG/DG confliction)
Case 2: Conflicting PUSCH and SR
The MAC-based intra-UE prioritization is done based on what is visible at MAC, i.e. LCH priorities, data availability, and LCP mapping restrictions. The endorsed MAC running CR [1] which describes the MAC-based intra-UE prioritization rule can be found below: 
	Section 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 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. 
[bookmark: _Hlk29823250]Editor’s Note: Priority determination considering MAC CE and configuredGrantTimer is FFS.
When the MAC entity is configured with lch-basedPrioritization for each uplink grant:
1>	if this uplink grant is addressed to C-RNTI or CS-RNTI:
2>	if there is no overlapping PUSCH duration of a configured uplink grant whose priority is higher than the priority of the uplink grant; and
2>	if there is no overlapping PUCCH resource with an SR transmission where the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant:
3>	this uplink grant is a prioritized uplink grant;
3>	the other overlapping uplink grant(s), if any, is a deprioritized uplink grant.
Editor’s Note: It is FFS whether an uplink grant addressed to CS-RNTI with NDI=1 (i.e. retransmission of a configured grant) is a configured grant or not. In this version of running CR, it is assumed that an uplink grant addressed to CS-RNTI with NDI=1 is considered as a dynamic grant.
Editor’s Note: It is FFS whether an uplink grant addressed to CS-RNTI with NDI=0 (i.e. (re-)activation of type 2 CG) is a configured grant or not. In this version of running CR, it is not clearly captured.
1>	else if this uplink grant is a configured uplink grant:
2>	if there is no overlapping PUSCH duration of another configured uplink grant whose priority is higher than the priority of the uplink grant; and
2>	if there is no overlapping PUSCH duration of an uplink grant addressed to C-RNTI or CS-RNTI whose priority is higher than or equal to the priority of the uplink grant; and
2>	if there is no overlapping PUCCH resource with an SR transmission where the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant:
3>	this uplink grant is a prioritized uplink grant;
3>	the other overlapping uplink grant(s), if any, is a deprioritized uplink grant.
NOTE:	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.
Editor’s Note: It is FFS how UE handles the case that at least two uplink grants with different MAC PDUs overlap with an SR transmission. 




	Section 5.4.2.1 HARQ Entity
For each uplink grant, the HARQ entity shall:
1>	identify the HARQ process associated with this grant, and for each identified HARQ process:
2>	if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or
2>	if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or
2>	if the uplink grant was received in a Random Access Response; or
2>	if the uplink grant was received on PDCCH for the C-RNTI in ra-ResponseWindow and this PDCCH successfully completed the Random Access procedure initiated for beam failure recovery; or
2>	if the uplink grant is part of a bundle of the configured uplink grant, and may be used for initial transmission according to clause 6.1.2.3 of TS 38.214 [7], and if no MAC PDU has been obtained for this bundle:
<some texts are omitted here>
3>	else if the MAC entity is not configured with lch-basedPrioritization; or
3>	if this uplink grant is a prioritized uplink grant:
4>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity, if any;
3>	if a MAC PDU to transmit has been obtained:
4>	deliver the MAC PDU and the uplink grant and the HARQ information of the TB to the identified HARQ process;
4>	instruct the identified HARQ process to trigger a new transmission;



	Section 5.4.2.1 HARQ Entity
For each uplink grant, the HARQ entity shall:
1>	identify the HARQ process associated with this grant, and for each identified HARQ process:
<some texts are omitted here>
2>	else (i.e. retransmission):
3>	if the uplink grant received on PDCCH was addressed to CS-RNTI and if the HARQ buffer of the identified process is empty; or
3>	if the uplink grant is part of a bundle and if no MAC PDU has been obtained for this bundle; or
3>	if the uplink grant is part of a bundle of the configured uplink grant, and the PUSCH duration of the uplink grant overlaps with a PUSCH duration of another uplink grant received on the PDCCH or in a Random Access Response for this Serving Cell; or
3>	if the MAC entity is configured with lch-basedPrioritization and this uplink grant is not a prioritized uplink grant:
4>	ignore the uplink grant.
3>	else:
4>	deliver the uplink grant and the HARQ information (redundancy version) of the TB to the identified HARQ process;
4>	instruct the identified HARQ process to trigger a retransmission;
4>	if the uplink grant is addressed to CS-RNTI; or
4>	if the uplink grant is addressed to C-RNTI, and the identified HARQ process is configured for a configured uplink grant:
5>	start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed.


According to section 5.4.1 of the MAC running CR (i.e., as highlighted in yellow above), if a UE that supports MAC-based intra-UE prioritization (i.e., the MAC entity is configured with lch-basedPrioritization) receives a dynamic uplink grant (i.e., an uplink grant addressed to C-RNTI or CS-RNTI), the UE considers this dynamic uplink grant as a prioritized uplink grant if it neither overlaps with a PUSCH duration of a configured grant whose priority is higher than the priority of this dynamic grant nor overlaps with a PUCCH resource for transmission of a SR triggered by a LCH with higher priority than the priority of this dynamic uplink grant. Moreover, if overlapping occurs, the other overlapping uplink grant(s) is a deprioritized uplink grant. Here, the priority of an (configured or dynamic) 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 (i.e., as highlighted in grey above). 
On the other hand, according to section 5.4.1 of the MAC running CR (i.e., as highlighted in light blue above), if a UE that supports MAC-based intra-UE prioritization (i.e., the MAC entity is configured with lch-basedPrioritization) receives a configured uplink grant, the UE considers this configured uplink grant as a prioritized uplink grant if it neither overlaps with PUSCH of another configured uplink grant/dynamic uplink grant whose priority is higher than the priority of this configured uplink grant nor overlaps with a PUCCH resource for transmission of a SR triggered by a LCH with higher priority than the priority of this configured uplink grant. Moreover, if overlapping occurs, the other overlapping uplink grant(s) is a deprioritized uplink grant. Again, the 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 (i.e., as highlighted in grey above). 
Subsequently, based on the description in section 5.4.2.1 of the running CR, only a prioritized uplink grant is allowed for transmission. In the case where the prioritized uplink grant is for initial transmission, a MAC PDU is obtained by the HARQ entity for new transmission (i.e., as highlighted in green above). On the other hand, in the case where the prioritized uplink grant is for retransmission, the HARQ entity instructs the HARQ process to trigger a retransmission (i.e., as highlighted in purple above).
Scenario 1
Considering the scenario in which a UE receives a configured uplink grant that overlaps with a PUSCH of a dynamic uplink grant (i.e., addressed to C-RNTI or CS-RNTI). Based on the MAC-based intra-UE prioritization, the UE considers this configured uplink as a prioritized uplink grant if the highest priority LCH that are multiplexed or can be multiplexed to the configured uplink grant is higher than the highest priority LCH that are multiplexed or can be multiplexed to the dynamic uplink grant. Moerover, the corresponding dynamic uplink grant is considered as a deprioritized uplink grant. However, the MAC-based intra-UE prioritization does not consider the status of the configuredGrantTimer for HARQ process of the overlapping configured uplink grant. In fact, if this configuredGrantTimer is running, the overlapping configured uplink grant cannot be transmitted even if it is considered as a prioritized uplink grant. Moreover, the dynamic uplink grant also cannot be transmitted because it is considered as a deprioritized uplink grant. An illustration of scenario 1 can be found in Fig. 1.
Observation 1: For a received configured uplink grant overlaps with the PUSCH of a dynamic uplink grant, it is possible that the configured uplink grant cannot be transmitted even if it is a prioritized uplink grant, i.e., if the configuredGrantTimer that corresponds to the HARQ process of the configured uplink grant is running. Moreover, the dynamic uplink grant also cannot be transmitted because it is a deprioritized uplink grant.
[image: ]
Figure 1 - An illustration of scenario 1

Scenario 2
Considering another scenario in which a UE receives a configured uplink grant, CG1, that overlaps with the PUSCH of another configured grant 2, CG2. The UE considers CG1 as a prioritized uplink grant if the highest priority LCH that are multiplexed or can be multiplexed to CG1 is higher than the highest priority LCH that are multiplexed or can be multiplexed to CG2. Moerover, CG2 is considered as a deprioritized uplink grant. However, the MAC-based intra-UE prioritization rule does not consider the statuses of the configuredGrantTimers for the HARQ processes of the overlapping configured uplink grants, i.e., CG1 and CG2. For example, if the configuredGrantTimer that corresponds to CG1 is running, CG1 cannot be transmitted even if it is considered as a prioritized uplink grant. Moreover, CG2 also cannot be transmitted because it is considered as a deprioritized uplink grant. An illustration of scenario 2 can be found in Fig. 2.
Observation 2: For a received CG1 that overlaps with the PUSCH of CG2, it is possible that CG1 cannot be transmitted even if it is a prioritized uplink grant, i.e., if the configuredGrantTimer that corresponds to the HARQ process of CG1 is running. Moreover, CG2 also cannot be transmitted because it is considered as a deprioritized uplink grant.
[image: ]
Figure 2 - An illustration of scenario 2

It is observed that if at least one of the conflicting grants is a CG, the current MAC-based intra-UE prioritization does not consider the status of the configuredGrantTimer. This could lead to a situation where both conflicting grants cannot be transmitted. This contradicts with the original intention of MAC-based intra-UE prioritization, i.e., to prioritize one uplink grant for transmission. Hence, MAC-based intra-UE prioritization could consider the status of the configuredGrantTimer for HARQ process of the conflicting uplink grant. 
Proposal 1: MAC-based intra-UE prioritization could consider the status of the configuredGrantTimer for HARQ process of the conflicting uplink grant
[bookmark: _GoBack]One approach is that if the MAC entity receives a dynamic uplink grant (i.e., addressed to C-RNTI or CS-RNTI) that overlaps with the PUSCH of another configured uplink grant. The MAC entity should consider the dynamic uplink grant as a prioritized uplink grant if the configuredGrantTimer for the HARQ processes of the configured uplink grant is running. On the other hand, if the MAC entity receives a configured uplink grant that overlaps with the PUSCH of another configured uplink grant, the MAC entity should check the configuredGrantTimer for the HARQ processes of both overlapping grants. If the configuredGrantTimer for the HARQ process of either one of the overlapping grants is running, the MAC entity should consider the configured uplink grant, in which the corresponding configuredGrantTimer is not running, as a prioritized uplink grant. A TP is provided in the appendix section with modifications in red.
Proposal 2: The priority of an uplink grant could be determined based the configuredGrantTimer for HARQ process of the conflicting uplink grant

Conclusion
In this contribution, we have the following observations.
Observation 1: For a received configured uplink grant overlaps with the PUSCH of a dynamic uplink grant, it is possible that the configured uplink grant cannot be transmitted even if it is a prioritized uplink grant, i.e., if the configuredGrantTimer that corresponds to the HARQ process of the configured uplink grant is running. Moreover, the dynamic uplink grant also cannot be transmitted because it is a deprioritized uplink grant.
Observation 2: For a received CG1 that overlaps with the PUSCH of CG2, it is possible that CG1 cannot be transmitted even if it is a prioritized uplink grant, i.e., if the configuredGrantTimer that corresponds to the HARQ process of CG1 is running. Moreover, CG2 also cannot be transmitted because it is considered as a deprioritized uplink grant.
Based on the observations, we propose: 
Proposal 1: MAC-based intra-UE prioritization could consider the status of the configuredGrantTimer for HARQ process of the conflicting uplink grant.
Proposal 2: The priority of an uplink grant could be determined based the configuredGrantTimer for HARQ process of the conflicting uplink grant
Reference
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Appendix

	Section 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 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.
When the MAC entity is configured with lch-basedPrioritization for each uplink grant:
1>	if this uplink grant is addressed to C-RNTI or CS-RNTI:
2> if this uplink grant overlaps with the PUSCH duration of a configured uplink grant and the configuredGrantTimer for the HARQ process of the configured uplink grant is running; or
2>	if there is no overlapping PUSCH duration of a configured uplink grant whose priority is higher than the priority of the uplink grant; and
32>	if there is no overlapping PUCCH resource with an SR transmission where the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant:
43> this uplink grant is a prioritized uplink grant;
43> the other overlapping uplink grant(s), if any, is a deprioritized uplink grant.

Editor’s Note: It is FFS whether an uplink grant addressed to CS-RNTI with NDI=1 (i.e. retransmission of a configured grant) is a configured grant or not. In this version of running CR, it is assumed that an uplink grant addressed to CS-RNTI with NDI=1 is considered as a dynamic grant.
Editor’s Note: It is FFS whether an uplink grant addressed to CS-RNTI with NDI=0 (i.e. (re-)activation of type 2 CG) is a configured grant or not. In this version of running CR, it is not clearly captured.
1>	else if this uplink grant is a configured uplink grant:
2>	if the configuredGrantTimer for the HARQ process of this uplink grant is not running
3> if there is an overlapping PUSCH duration of another configured uplink grant whose configuredGrantTimer is running; or

32>	if there is no overlapping PUSCH duration of another configured uplink grant whose priority is higher than the priority of the uplink grant; and
42>	if there is no overlapping PUSCH duration of an uplink grant addressed to C-RNTI or CS-RNTI whose priority is higher than or equal to the priority of the uplink grant; and
42>	if there is no overlapping PUCCH resource with an SR transmission where the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant:
53> this uplink grant is a prioritized uplink grant;
53> the other overlapping uplink grant(s), if any, is a deprioritized uplink grant.
2>	else (i.e., the configuredGrantTimer for the HARQ process of this uplink grant is running)
3> this uplink grant is a deprioritized uplink grant;
3> if there is an overlapping PUSCH duration of another configured uplink grant whose configuredGrantTimer is not running; or
3>	if there is an overlapping PUSCH duration of an uplink grant addressed to C-RNTI or CS-RNTI; or
3>	if there is overlapping PUCCH resource with an SR transmission:
4> the other overlapping uplink grant is a prioritized uplink grant.
NOTE:	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.
Editor’s Note: It is FFS how UE handles the case that at least two uplink grants with different MAC PDUs overlap with an SR transmission. 
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