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According to the SID [1] of the I-IOT, one main target is to achieve more intensive intra-UE prioritization “(for example dropping, delaying or puncturing lower priority service) between different categories of traffic in the UE, including both data and control channels”. According to the email discussion on the intra-UE prioritization [2], several scenarios for the intra-UE prioritization are identified. In this contribution, we focus on the interaction between the MAC and the PHY.
Discussion
Modelling of the intra-UE prioritization


Figure 1: Interaction between MAC and PHY for intra-UE prioritization
From our understanding, the UE internal procedure for the interaction between MAC and PHY for intra-UE prioritization would be as the figure illustrated above. In the following sections we provide more details on how the scenarios identified in the email discussion [2] are modelled in the specification. The scenarios to be discussed include the followings:
· Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grants
· Scenario 3: Intra-UE UL Prioritization - Resource Conflict between Dynamic Grants
· Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
· Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
· Scenario 6: Intra-UE UL Prioritization – Transmit Power Limitation in CA/DC scenarios
Scenario 2-5 will be analysed separately, and Scenario 6 will be discussed together with other scenarios.
Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grants
Step 1: The UE receives a dynamic grant. The PHY indicates the dynamic grant type/priority (e.g. URLLC or eMBB) to the MAC.
Step 2: The MAC has UL data for transmission, and then triggers an uplink data transmission for this dynamic uplink grant.
Step 3: The MAC justifies whether the dynamic uplink grant is collided with a configured grant.
Step 4: 
· Case 1: If the dynamic uplink grant is collided with configured grant, and if the configured grant has not been used yet (i.e. no MAC PDU is created for the configured grant), the MAC selects one grant based on the grant type/priority for the configured grant and dynamic grant. And then the MAC indicates the selected grant and MAC PDU to the PHY. 
· Case 2: If the dynamic uplink grant is collided with configured grant, and if the configured grant has been used (i.e. a MAC PDU has been created for the configured grant), the MAC selects one grant based on the grant type/priority of the configured grant and dynamic grant and the MAC PDU data priority of the configured grant. If the configured grant is selected, then the dynamic grant is dropped by the MAC. If the dynamic grant is selected, the MAC PDU created due to the configured grant is dropped by the MAC, and the MAC uses the dynamic grant to create an MAC PDU. And then the MAC indicates the selected final grant and MAC PDU to the PHY. 
Step 5: Additionally the MAC can provide the service type/priority information (e.g. URLLC or eMBB) for the data transmitted in the MAC PDU.
Step 6: The PHY justifies whether the UL transmission power is limited (e.g. due to CA/DC).
Step 7: If the uplink transmission power is limited, the PHY selects one UL transmission based on the service type/priority information provided by the MAC.
Scenario 3: Intra-UE UL Prioritization - Resource Conflict between Dynamic Grants
Step 1: The UE receives a dynamic grant. The PHY indicates the dynamic grant type/priority (e.g. URLLC or eMBB) to the MAC.
Step 2: The MAC has UL data for transmission, and then triggers an uplink data transmission for this dynamic uplink grant.
Step 3: The MAC justifies whether the dynamic uplink grant is collided with another old dynamic grant.
Step 4: If the new dynamic uplink grant is collided with the old dynamic grant, the MAC selects one grant based on the grant type/priority of the two dynamic grants and the MAC PDU data priority of the old dynamic grant. If the old dynamic grant is selected, then the new grant is dropped by the MAC. If the new dynamic grant is selected, the MAC PDU created due to the old dynamic grant is dropped by the MAC, and the MAC uses the new dynamic grant to create a MAC PDU. And then the MAC indicates the selected final grant and MAC PDU to the PHY.
Step 5: Additionally the MAC can provide the service type/priority information (e.g. URLLC or eMBB) for the data transmitted in the MAC PDU.
Step 6: The PHY justifies whether the UL transmission power is limited (e.g. due to CA/DC).
Step 7: If the uplink transmission power is limited, the PHY selects one UL transmission based on the service type/priority information provided by the MAC.
Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
As the CSI report is not visible to the MAC, we consider that there is no interaction between MAC and PHY for the intra-UE prioritization for the CSI-report. HARQ-feedback(s) are used for a specific PUSCH which could include different data with different service types or priorities. SR could also be triggered by different services (i.e. logical channel). The PRACH transmission could also be triggered by different triggered conditions. Thus we uses the HARQ feedback, the SR, and the PRACH as examples in this section. According to the MAC specification, the potential scenarios for the collided transmission of control channel could be as follows:
· Case 1: A HARQ-feedback triggered by a DL PDSCH (e.g. including eMBB data) is collided with a HARQ-feedback triggered by another DL PDSCH (e.g. including URLLC data).
· Case 2: A HARQ-feedback triggered by a DL PDSCH (e.g. including eMBB data) is collided with an SR triggered by the logical channel (e.g. URLLC logical channel).
· Case 3: A HARQ-feedback triggered by a DL PDSCH (e.g. including eMBB data) is collided with a PRACH (i.e. RA-SR) triggered by the logical channel (e.g. URLLC logical channel).
· Case 4: An SR triggered by the logical channel (e.g. URLLC logical channel) is collided with a PRACH triggered by a specific event (e.g. BFR).
· Case 5: A PRACH triggered by one event (e.g. BFR) could be collided by the PRACH triggered by another event (e.g. scheduling request). Given that the MAC can only support one RACH procedure.

The UE internal procedures could be as follows:
Step 1+2: The UE triggers an HARQ-feedback for a specific PUSCH (or an SR for a specific logical channel; or a PRACH for a specific trigger condition).
Step 3: The MAC justifies whether the HARQ-feedback transmission (or SR/PRACH) is collided with another HARQ feedback transmission (or SR/PRACH).
Step 4: If the HARQ-feedback transmission (or SR/PRACH) is collided with another HARQ feedback transmission (or SR/PRACH). The MAC selects one uplink transmission based on the PUSCH data service type/priority of the HARQ-feedback (and/or the service type/priority of the logical channel triggering the SR; and/or the trigger condition of the PRACH). And then the MAC indicates the selected uplink transmission to the PHY.
Step 5: Additionally the MAC can provide the service type/priority information (e.g. URLLC or eMBB) for the selected uplink transmission (e.g. HARQ-feedback/SR/PRACH).
Step 6.1: The PHY justifies whether the uplink transmission indicated by the MAC is collided with other uplink transmission (e.g. CSI report) triggered by the PHY.
--------------------------------------------------------------------------------------------------
Case 1:
Step 6.2: If the UL transmission indicated by the MAC is not collided with other uplink transmission (e.g. CSI report) triggered by the PHY. The PHY justifies whether the UL transmission power is limited (e.g. due to CA/DC).
Step 7: If the uplink transmission power is limited, the PHY selects one UL transmission based on the service type/priority information provided by the MAC.
--------------------------------------------------------------------------------------------------
Case 2:
Step 6.2: If the UL transmission indicated by the MAC is collided with another uplink transmission (e.g. CSI report) triggered by the PHY. The PHY selects one uplink transmission based on the service type/priority provided by the MAC.
Step 6.3: The PHY justifies whether the UL transmission power is limited (e.g. due to CA/DC).
Step 7: If the uplink transmission power is limited, the PHY selects one UL transmission based on the service type/priority information provided by the MAC.

Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
As the HARQ-feedback can be multiplexed within the PUSCH channel, there is no need for the MAC to discuss the collision between the HARQ-feedback and the PUSCH. As the CSI report is not visible to MAC, there is also no need for RAN2 to discuss the collision between the CSI report and the PUSCH. 
According to the MAC specification, the potential scenarios for the collided transmission could be as follows:
· Case 1: An SR triggered by the logical channel (e.g. URLLC logical channel) is collided with an UL PUSCH (e.g. including eMBB data). Given that the current MAC does not allow the SR transmission if the SR is collided with a PUSCH.
· Case 2: A PRACH triggered by one event (e.g. BFR) could be collided with an UL PUSCH (e.g. including eMBB data).

The UE internal procedures could be as follows:
Step 1+2: The UE triggers an SR for a specific logical channel (or a PRACH for a specific trigger condition).
Step 3: The MAC justifies whether the SR (or PRACH) transmission is collided with a PUSCH transmission (i.e. an UL grant).
Step 4: 
· Case 1: If the SR (or PRACH) is collided with a PUSCH transmission, and if the grant has not been used yet (i.e. no MAC PDU is created for the grant). The MAC selects one uplink transmission based on the grant type/priority of the PUSCH; and/or the service type/priority of the logical channel triggering the SR; and/or the trigger condition of the PRACH). And then the MAC indicates the selected uplink transmission to the PHY.
· Case 2: If the SR (or PRACH) is collided with a PUSCH transmission, and if the grant has been used (i.e. a MAC PDU is created for the grant). The MAC selects one uplink transmission based on the MAC PDU data priority of the PUSCH; and/or the service type/priority of the logical channel triggering the SR; and/or the trigger condition of the PRACH). And then the MAC indicates the selected uplink transmission to the PHY.
Step 5: Additionally the MAC can provide the service type/priority information (e.g. URLLC or eMBB) for the selected uplink transmission (e.g. SR/PRACH/PUSCH).
Step 6.1: If the PUSCH/SR/PRACH is selected, the PHY justifies whether the uplink transmission indicated by the MAC is collided with other uplink transmission (e.g. CSI report) triggered by the PHY.
Step 6.2: If the PUSCH/SR/PRACH selected by the MAC is collided with another uplink transmission (e.g. CSI report) triggered by the PHY, the PHY selects one UL transmission based on the service type/priority information provided by the MAC.
Step 6.3: The PHY justifies whether the UL transmission power is limited (e.g. due to CA/DC).
Step 7: If the uplink transmission power is limited, the PHY selects one UL transmission based on the service type/priority information provided by the MAC.
More than two collided transmission
According to the analysis given above, the UE could have more than two collided uplink transmission. From the MAC, the MAC could receive two uplink grants and also have a HARQ feedback at the same time. From the PHY, the PHY may have more than two uplink transmission on more than two cells at the same time. As such, we consider that the intra-UE prioritization solution defined should be able to cope with more than two collided uplink transmissions.
[bookmark: _GoBack]Proposal 1: The selected solution(s) for intra-UE prioritization should be able to handle more than two collided uplink transmissions.

Conclusions
Based on the analysis given above, we have the following proposal:
Proposal 1: The selected solution(s) for intra-UE prioritization should be able to handle more than two collided uplink transmissions.
And we summarizes the key functions of the intra-UE prioritization as follows:
Proposal 2: The PHY needs to indicate the UL grant service type/priority (e.g. URLLC or eMBB) to the MAC.
Proposal 3: For the collided uplink transmission amongst PUSCH/PUCCH/PRACH, the MAC can select one UL transmission based on the service type/priority of the UL grant (PUSCH), the data service type/priority of the MAC PDU (PUSCH), the SR trigger condition (PUCCH), the PRACH trigger condition (PRACH), and the data service type/priority associated to the HARQ-feedback (PUCCH).
Proposal 4: The MAC needs to indicate the service types/priorities of the selected PUCCH/PUSCH/PRACH to the PHY.
Proposal 5: The PHY can take further prioritization amongst the PUCCH/PUSCH/PRACH by considering the service assistance information provided by the MAC.
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