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1. Introduction

RAN WG2 has discussed and identified a few scenarios regarding intra-UE prioritization, and sent an LS to RAN WG1 in [1]. In this contribution, we discuss potential solutions/enhancement techniques to be considered for intra-UE prioritization. 
2. Intra-UE prioritization
2.1. Scenario 1: Intra-DL prioritization

Considering the UE with mixed type of traffics having various latency/reliability requirements (e.g., eMBB and URLLC), in this scenario, DL assignment corresponding to traffic with higher priority needs to be prioritized. Typically, URLLC traffic may have shorter processing time and thus DL assignment of URLLC traffic may arrive after arrival of DL assignment of eMBB traffic but URLLC PDSCH and eMBB PDSCH can be scheduled in overlapped resource in time domain or URLLC PDSCH even can be scheduled to be transmitted earlier than eMBB PDSCH (which is exactly out-of-order PDSCH scheduling scenario prevented in rel-15 NR). If a UE is capable of simultaneous reception for two PDSCHs, then the UE just would provide the corresponding HARQ-ACK for both PDSCHs at the designated time. Otherwise, one solution can be that later DL assignment of URLLC traffic overrides earlier DL assignment of eMBB traffic if resources of two PDSCH are overlapped (or even for out-of-order PDSCH scheduling scenario). It should be considered whether to require any restriction/condition to enable this intra-DL prioritization, for example, with taking timeline check between later DL assignment and earlier PDSCH starting symbol into account. Considering the UE complexity, completely termination of DL reception for earlier DL assignment would be preferred (no resuming/puncturing). 
Proposal 1: If a UE has sequentially received two DL assignments with overlapping PDSCH resources in time, 

· The UE shall decode/process both PDSCHs if the UE is capable of simultaneous reception for two PDSCHs.
· The later DL assignment has higher priority than the earlier DL assignment if the UE is not capable of simultaneous reception for two PDSCHs. In this case, the UE is not required to decode/process PDSCH scheduled by the earlier DL assignment. 
2.2. Scenario 2: Intra-UE UL prioritization – Resource conflict between configured and dynamic grant

Typically, configured grant PUSCH has lower priority than dynamic grant PUSCH. However, considering configured PUSCH can be used when transmitting URLLC traffic in order to reduce latency due to waiting time for getting UL grant, such prioritization is not necessarily desirable. This scenario needs to be handled in RAN2, but it would be necessary to discuss whether any RAN1 handling is needed. 
2.3. Scenario 3: Intra-UE UL prioritization – Resource conflict between dynamic grants
Similar to scenario 1, UL grant corresponding to traffic with higher priority needs to be prioritized. Typically, URLLC traffic may have shorter processing time and thus UL grant of URLLC traffic may arrive after arrival of UL grant of eMBB traffic but URLLC PUSCH and eMBB PUSCH can be scheduled in overlapped resource in time domain or URLLC PUSCH even can be scheduled to be transmitted earlier than eMBB PUSCH (which is exactly out-of-order PUSCH scheduling scenario prevented in rel-15 NR). One solution can be that later UL grant of URLLC traffic overrides earlier UL grant of eMBB traffic if resources of two PUSCH are overlapped (or even for out-of-order PUSCH scheduling scenario). It should be considered whether to require any restriction/condition to enable this intra-UL prioritization, for example, with taking timeline check between later UL grant and earlier PUSCH starting symbol into account. Considering the UE complexity and impact due to power transient, completely termination of UL transmission for earlier UL grant would be preferred (no resuming/puncturing). 
Proposal 2: If a UE has received two UL grants with overlapping PDSCH resources in time, the later UL grant has higher priority than the earlier UL grant. 

2.4. Scenario 4: Intra-UE UL prioritization – Resource conflict between control channel and control channel

This scenario considers a case where the resources of uplink control transmission overlaps in time with other uplink control transmission relating to another, higher priority traffic. Considering that separate codebooks between eMBB and URLLC would be constructed, service/traffic type differentiation in PHY layer would be necessary. The final solution would be different depending on whether or not to allow multiplexing of HARQ-ACK for eMBB and URLLC onto a single PUCCH. If the answer is yes, the maximum allowable coding rate can be independently configured for eMBB HARQ-ACK and URLLC HARQ-ACK, and the final payload can be adjusted by suppressing eMBB HARQ-ACK or enlarging URLLC HARQ-ACK. Moreover, the required processing time for multiplexing needs to be further investigated. If the answer is no, then eMBB HARQ-ACK can be just dropped.

Proposal 3: Service/traffic type differentiation in PHY layer can be supported for PUCCH/PUCCH collision with different service/traffic types, and further investigation on whether/how to multiplex PUCCHs with different service/traffic types is needed.
If urgent SR collides with another PUCCH (for eMBB) and there is no sufficient time to multiplex together since the SR arrives too late, the SR is dropped according to the current specification. However, if this SR is to request UL grant for scheduling latency-critical URLLC traffic, this behavior is not desirable, which thus needs to be addressed by e.g., puncturing PUCCH (for eMBB) to send the SR. 
Proposal 4: Collision handling of URLLC SR and eMBB PUCCH needs to be further investigated.
2.5. Scenario 5: Intra-UE UL prioritization – Resource conflict between control channel and data channel

This scenarios can consider the following cases:
· eMBB UCI onto URLLC PUSCH: In this case, beta offset and/or alpha adjustment can be considered. Especially, beta offset smaller than 1.0 needs to be defined to protect URLLC UL-SCH. Alternatively, dropping/bundling of eMBB UCI can be taken into consideration. 

· URLLC UCI onto eMBB PUSCH: Similarly, beta offset and/or alpha adjustment can be considered. If the effective coding rate of UL-SCH becomes too high due to high beta offset for UCI, then dropping of eMBB UCI (i.e., lower priority UCI) can be also considered. Alternatively, dropping/puncturing of eMBB PUSCH can be taken into account for guaranteeing the reliability of URLLC UCI. If there is no sufficient time for multiplexing of HARQ-ACK and UL data, rather than dropping HARQ-ACK, it would be beneficial to give another chance to piggyback onto the earliest “possible” PUSCH in terms of UE processing time.
Proposal 5: Service/traffic type differentiation in PHY layer can be supported for PUCCH/PUSCH collision with different service/traffic types, and further investigation on whether/how to multiplex PUCCH and PUSCH with different service/traffic types is needed.
2.6. Scenario 6: Intra-UE UL prioritization – CA based concurrent transmission with power limitation

This scenario also relates to how priority/requirement of traffic is distinguished in PHY layer. If such differentiation is considered, further prioritization can be considered such that a UE allocates power to channel/signal with higher priority in advance of channel/signal with lower priority (e.g., URLLC > eMBB) until the total transmit power does not exceed 
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Proposal 6: Priority of service/traffic type can be taken into account for power allocation of CA based concurrent transmission with power limitation. 
2.7. Scenario 7: Intra-UE UL prioritization – Power control for traffics with different priorities

The current NR supports dynamic change of PUSCH power control loop by L1 signaling, specifically by ‘SRI field’ in DCI format 0_1 if the field is enabled by higher layer signaling. However, this is only applicable when PUSCH is scheduled by non-fallback DCI. If such dynamic change of PUSCH power control loop is to be supported without restriction, some modification/re-interpretation of fallback DCI needs to be addressed. Otherwise, such dynamic change of PUSCH power control loop can be possible only by non-fallback DCI. 
In case of PUCCH, MAC CE can change power control loop, which induce latency compared with L1 signaling based approach. Thus, whether/how to adapt PUCCH power control loop dynamically also needs to be addressed. 
Proposal 7: Further investigation on whether/how to support power control per service/traffic type is needed.
3. Conclusions

In this contribution, we discussed several aspects on intra-UE prioritization for NR URLLC. Based on the above discussion, our proposals are given as follows:
Proposal 1: If a UE has sequentially received two DL assignments with overlapping PDSCH resources in time, 

· The UE shall decode/process both PDSCHs if the UE is capable of simultaneous reception for two PDSCHs.

· The later DL assignment has higher priority than the earlier DL assignment if the UE is not capable of simultaneous reception for two PDSCHs. In this case, the UE is not required to decode/process PDSCH scheduled by the earlier DL assignment. 
Proposal 2: If a UE has received two UL grants with overlapping PDSCH resources in time, the later UL grant has higher priority than the earlier UL grant. 

Proposal 3: Service/traffic type differentiation in PHY layer can be supported for PUCCH/PUCCH collision with different service/traffic types, and further investigation on whether/how to multiplex PUCCHs with different service/traffic types is needed.
Proposal 4: Collision handling of URLLC SR and eMBB PUCCH needs to be further investigated.
Proposal 5: Service/traffic type differentiation in PHY layer can be supported for PUCCH/PUSCH collision with different service/traffic types, and further investigation on whether/how to multiplex PUCCH and PUSCH with different service/traffic types is needed.
Proposal 6: Priority of service/traffic type can be taken into account for power allocation of CA based concurrent transmission with power limitation. 
Proposal 7: Further investigation on whether/how to support power control per service/traffic type is needed.
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