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1. Introduction 

In RAN1 #95, a LS from RAN2 was agreed that the targeted intra-UE prioritization/multiplexing scenarios were identified. The main scenarios for UL intra-UE prioritization are listed as follows [1]. 
· Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant

· 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
UL intra-UE Tx prioritization/multiplexing is typical scenario, especially for UEs supporting multiple services with different latency and reliability requirements. In this contribution, we share our views on UL intra-UE prioritization. 
2. UL Intra-UE prioritization
2.1. Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant
In Rel-15, grant-based transmission has the higher priority than grant-free transmission, in which service priority does not be taken into account. In Rel.16, PUSCH prioritization for different service types should be specified for handling the potential resource conflict.
For scenario 2, three cases are included as following:  
· Case 1: grant-based PUSCH vs. grant free PUSCH with the same service type

· Case 2: eMBB grant-free PUSCH vs. URLLC grant based PUSCH
· Case 3: URLLC grant-free PUSCH vs. eMBB grant based PUSCH
For case 1 and case 2, the principle in Rel-15 can be reused that grant-based UL transmission has the higher priority than grant-free UL transmission when overlapping in time.

For case 3, Figure 1 shows an instance. In this case, an eMBB UL transmission scheduled by UL grant overlaps in time with a grant-free resource on which UE intend to transmit URLLC UL. Grant-free resources are configured for URLLC transmission which can satisfy the latency and reliability requirements. After eMBB UL is scheduled, a URLLC packet arrives. In this case, UE needs to transmit URLLC UL on grant-free resource because the grant-free resource has higher priority than the grant-based UL resource. eMBB PUSCH transmission should be dropped entirely or partially, The details can be FFS.  
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Figure 1: Example of intra-UE UL multiplexing between scheduling-based UL and grant-free UL
For these cases above mentioned, UE should be aware of priority of different service types. There are several possible methods to determine the priority of service type, e.g. by LCP in MAC layer, MCS table configured for PUSCH transmission, or DCI associated with PUSCH transmission. 

For priority determination by LCP, UE can map different services to different logical channels and configuring logical channels with different logical channel priority. An example of association between LCP in MAC layer is presented in Figure 2. In the Figure, LCP 1 is used for the LCH mapped to URLLC data with mini-slot based transmission, while LCP 2 is used for the LCH mapped to eMBB data with slot-based transmission. 
For PUSCH for configured grant overlapped with a PUSCH for dynamic grant, UE needs to determine which LCP is associated with the configured grant and dynamic grant. In this case, LCH mapping to URLLC is allowed to use the configured grant. While LCH mapping to eMBB is not allowed to use the configured grant and can use the dynamic grant. If there are URLLC data to be transmitted, the data should be prioritized and thus be transmitted on the PUSCH for configured grant to meet the latency requirement. Therefore, in this case, configured grant associated with higher logical channel priority should be prioritized for URLLC data transmission.
Although LCP in MAC layer can be used for priority determination, it may be difficult for MAC layer to determine which PHY resource to be used, when a LCP is associated with different types of PHY resources. In such case, current MAC mechanism cannot differentiate the different service type. 
Observation 1: Although LCP in MAC layer can be used for priority determination, it may be difficult for MAC layer to determine which PHY resource to be used.
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Figure 2: Example of association between LCPs in MAC 
Proposal 1: The following intra UE PUSCH prioritizations are suggested:

· Case 1: grant-based PUSCH vs. grant free PUSCH with the same service type

· Follow existing prioritization mechanism, i.e. dynamic grant PUSCH is prioritized over grant free PUSCH
· Case 2: eMBB grant-free PUSCH vs. URLLC grant based PUSCH

· Follow existing prioritization mechanism, i.e. dynamic grant PUSCH is prioritized over grant free PUSCH 

· Case 3: URLLC grant-free PUSCH vs. eMBB grant based PUSCH
· URLLC grant-free PUSCH is prioritized over eMBB grant based PUSCH, where eMBB PUSCH is dropped entirely or partially.
2.2. Scenario 3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants

For URLLC grant-based PUSCH vs. eMBB grant-based PUSCH case, Figure 1 shows an example. A URLLC UL transmission may be scheduled after UL grant for eMBB UL is received. After eMBB UL is scheduled, UE is scheduled with a URLLC UL by a later UL grant that is transmitted after the UL grant for eMBB. The URLLC UL is scheduled to be transmission on the time/frequency resources that are already allocated to eMBB transmission. In this case, to handling such collision of eMBB and URLLC transmissions, URLLC grant-based PUSCH needs to have higher priority than eMBB grant-based PUSCH. For example, UE can follow the later received UL grant to proceed the URLLC UL transmission and cancel eMBB UL transmission entirely or partially.
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Figure 3: Example of intra-UE UL multiplexing between grant-based eMBB UL and grant-based URLLC UL
Service type differentiation in physical layer can be adopted for priority determination, which can be used to determine the resource allocation for different latency and reliability requirements. For example, a new MCS table with lower MCS was introduced for 10-5 BLER target in Rel-15, which is used for URLLC transmission. In such case, if the new MCS table is used for URLLC PUSCH transmission while eMBB PUSCH is scheduled without using the new MCS table, UE can prioritize URLLC transmission on the corresponding resources. Another alternative is based on the dynamic grant, e.g. by DCI format, RNTI scrambling DCI, etc..
Proposal 2: When grant based PUSCH for URLLC is overlapping in time with grant based PUSCH for eMBB:
· Gant based PUSCH for URLLC is prioritized over grant based PUSCH for eMBB, where eMBB PUSCH is dropped entirely or partially.
Proposal 3: Service type differentiation should be supported in physical layer, such as by DCI format or RNTI.
2.3. Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel

For control channel with different service type, the priority should also be defined. The PUCCH carrying the same UCI type with different service type can be as the starting point. Taken HARQ-ACK/SR as an example, PUCCH with HARQ-ACK/SR for URLLC should have the higher priority than one for eMBB. It means if URLLC PUCCH with HARQ-ACK/SR is overlapping in time with eMBB PUCCH with HARQ-ACK/SR, UE should transmit URLLC PUCCH and cancel eMBB PUCCH in the case of no multiplexing. Dropping eMBB PUCCH has impact on eMBB transmission performance, which may result in unnecessary DL retransmissions. From this perspective, multiplexing of different HARQ-ACK should be studied, at least for the partial HARQ-ACK/SR for eMBB. 
The prioritization of the different UCI type for different service type can be further discussed. For example, the CQI table with the different SE can be configured for a UE in Rel-15. For a UE supporting both eMBB and URLLC service simultaneously, the prioritization between URLLC specific CSI and eMBB UCI can be further investigated. 
For SR transmission, URLLC SR should have the higher priority than eMBB SR. In this case, UE can determine a SR from different service by SR configuration. For example, the configured number of symbols for a SR or SR periodicity can be used for differentiation of SR for different service types. 

Proposal 4: The following priority determination can be as starting point.
When PUCCH with URLLC HARQ-ACK/SR is overlapping in time with eMBB PUCCH, 
· In the case of no multiplexing, URLLC PUCCH with HARQ-ACK/SR is transmitted and eMBB PUCCH is dropped. 
· FFS: multiplexing between eMBB HARQ-ACK/SR and URLLC HARQ-ACK/SR
· FFS: the prioritization between URLLC specific CSI and eMBB UCI
Proposal 5: The priority determination based on the configuration of SR is suggested, for example, by the number of symbols or periodicity of control channel.
2.4. Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel

Generally, for a certain service type, UCI has the higher priority than PUSCH. For intra UE multiplexing, the overlapping may occur between eMBB PUCCH and URLLC PUSCH. For example, a UE may be scheduled with a URLLC UL transmission after eMBB DL transmission is scheduled. The URLLC PUSCH can overlap PUCCH carrying HARQ-ACK of eMBB DL transmission in time. In this case, URLLC PUSCH needs to be prioritized, e.g. UE may follow the later received UL grant or the configured grant to transmit the URLLC PUSCH and dropp eMBB PUCCH transmission entirely or partially. As above mentioned, the drooping HARQ-ACK on eMBB PUCCH can lead to the resource waste. If eMBB service with the less HARQ-ACK bits and timeline allowed, HARQ-ACK bits for eMBB piggybacked on URLLC PUSCH can be considered. 
On the other hand, when URLLC PUCCH is overlapping in time with eMBB PUSCH, URLLC PUCCH can be transmitted and eMBB PUSCH can be dropped entirely or partially.
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Figure 4: Example of intra-UE UL multiplexing between scheduling-based eMBB HARQ-ACK and scheduling-based URLLC UL transmissions
Proposal 6: When URLLC PUSCH is overlapping in time with eMBB PUCCH, 
· URLLC PUSCH is transmitted and eMBB PUCCH is dropped entirely or partially.

· FFS :eMBB UCI piggyback on URLLC PUSCH 
When URLLC PUCCH is overlapping in time with eMBB PUSCH,
· URLLC PUCCH is transmitted and eMBB PUSCH is dropped entirely or partially.
3. Conclusion

In this contribution, we provide our views on intra UE prioritization. The proposals are summarized below.
Observation 1: Although LCP in MAC layer can be used for priority determination, it may be difficult for MAC layer to determine which PHY resource to be used
Proposal 1: The following intra UE PUSCH prioritizations are suggested:

· Case 1: grant-based PUSCH vs. grant free PUSCH with the same service type

· Follow existing prioritization mechanism, i.e. dynamic grant PUSCH is prioritized over grant free PUSCH

· Case 2: eMBB grant-free PUSCH vs. URLLC grant based PUSCH

· Follow existing prioritization mechanism, i.e. dynamic grant PUSCH is prioritized over grant free PUSCH 

· Case 3: URLLC grant-free PUSCH vs. eMBB grant based PUSCH
· URLLC grant-free PUSCH is prioritized over eMBB grant based PUSCH, where eMBB PUSCH is dropped entirely or partially.
Proposal 2: When grant based PUSCH for URLLC is overlapping in time with grant based PUSCH for eMBB:

· Gant based PUSCH for URLLC is prioritized over grant based PUSCH for eMBB, where eMBB PUSCH is dropped entirely or partially.

Proposal 3: Service type differentiation should be supported in physical layer, such as by DCI format or RNTI.
Proposal 4: The following priority determination can be as starting point.
When PUCCH with URLLC HARQ-ACK/SR is overlapping in time with eMBB PUCCH, 
· In the case of no multiplexing, URLLC PUCCH with HARQ-ACK/SR is transmitted and eMBB PUCCH is dropped. 

· FFS: multiplexing between eMBB HARQ-ACK/SR and URLLC HARQ-ACK/SR

· FFS: the prioritization between URLLC specific CSI and eMBB UCI

Proposal 5: The priority determination based on the configuration of SR is suggested, for example, by the number of symbols or periodicity of control channel.

Proposal 6: When URLLC PUSCH is overlapping in time with eMBB PUCCH, 
· URLLC PUSCH is transmitted and eMBB PUCCH is dropped entirely or partially.

· FFS :eMBB UCI piggyback on URLLC PUSCH 

When URLLC PUCCH is overlapping in time with eMBB PUSCH,
· URLLC PUCCH is transmitted and eMBB PUSCH is dropped entirely or partially.
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