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1 [bookmark: _Hlk505938201]Introduction
In RAN2 #104 meeting, RAN2 sends a LS to RAN1 on intra-UE prioritization/multiplexing which identified a few targeted intra-UE prioritization/multiplexing scenarios that RAN1 should be involved in the study. The five prioritized scenarios include the following [1]:
· Scenario 1: Intra-UE DL Prioritization
· [bookmark: _Hlk536806962]Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant
· [bookmark: _Hlk536807070]Scenario 3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants
· [bookmark: _Hlk536807085]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
In RAN1 AdHoc 1901[2], it reached the conclusion that companies are encouraged to perform additional analysis for the 7 scenarios in RAN2 LS w.r.t. intra-UE multiplexing, particularly w.r.t. whether or not some or all scenarios are necessary to be done from RAN1 perspective (including potential prioritization among the 7 scenarios), and if so, potential solutions.
[bookmark: _Hlk793413][bookmark: _Hlk534201490]Therefore, in this contribution, we will focus on the prioritized five scenarios for intra-UE UL prioritization/multiplexing listed above and provide some potential solutions. 
2 Discussion on intra-UE prioritization/multiplexing
Scenario 1: Intra-UE DL Prioritization
[bookmark: _Hlk775077]This scenario considers a case where a UE has sequentially received two DL assignments with overlapping radio resources in time. Generally speaking, the UE should skip decoding the PDSCH bearing traffic with lower priority if the UE is unable to decode the two PDSCHs simultaneously within the processing timeline. In this case, it is supposed that the UE should skip decoding the earlier scheduled PDSCH and start processing the PDSCH which is scheduled by a later DL grant since that gNB would not deliver the later DL grant to UE if its corresponding traffic priority is not higher than the prior PDSCH. Whether the UE is required to resume decoding of the earlier scheduled PDSCH should depend on UE capability and timeline of the two PDSCH. 
In addition, according to the generation rule of the current HARQ codebook, only one ACK/NACK would be fed back for overlapped PDSCHs, which seems not so reasonable since if only very few symbols are overlapped, the UE may decode both the two PDSCHs successfully. We think this can be achieved by two HARQ-ACK codebooks which is agreed in last RAN1 meeting. 
Proposal 1: Later DL grant can override earlier DL grant if the UE is unable to decode the two PDSCHs simultaneously within the processing timeline.
Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant
This scenario considers a case where the UL radio resource associated to a configured grant overlaps with a dynamic grant in time. In order to meet the URLLC latency requirement, uplink transmission without grant is supported in NR for uplink latency reduction. In addition, the resources for configured grant transmission need to be pre-assigned to UE and should be dense enough to guarantee the latency whenever the URLLC packet arrives. However, some URLLC traffics are infrequent and their arriving time is unpredictable, it is thriftless to leave the pre-assigned resource unused. Therefore, grant based transmission for eMBB or URLLC packet may be dynamically scheduled on the grant free resources. On the other hand, the configured grant can be also used for SPS services, like VoLTE/VoNR which is latency insensitive, in this case, latency sensitive traffic would be expected to be dynamically scheduled on the pre-assigned grant free resources for timely transmission. Hence scenario 2 would occur easily.
Since the traffic priorities of the PUSCH transmission corresponding to the configured grant and the dynamic grant are known to UE, so it is simple for the UE to determine the grant selection, that is, the UE should prioritize the grant on which data of higher priority can be transmitted with consideration of LCP restrictions and the required processing timeline. Whether the grant selection is done by MAC layer or by PHY layer depends on the arrival time of data corresponding to configured grant and thus inter-layer coordination should be involved. Moreover, it depends on UE capability whether the UE is required to resume transmission with lower priority on non-overlapped resources. 
Proposal 2: UE should prioritize the grant on which data of higher priority can be transmitted with consideration of LCP restrictions and required processing timeline.
Scenario 3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants
This scenario considers a case where the UL radio resource associated to a dynamic grant overlaps with another dynamic grant in time. Similar to Scenario 1, the UE should stop PUSCH transmission bearing traffic with lower priority if the UE is unable to transmit two PUSCHs simultaneously within the processing timeline. In this case, it is supposed the UE should skip PUSCH transmission corresponding to the earlier UL grant and start transmitting the later scheduled PUSCH if the processing timeline is allowed since that gNB would not deliver the later UL grant to UE if its corresponding traffic priority is not higher than the prior PUSCH. It depends on UE capability and timeline of the two PUSCH whether the UE is required to resume transmission of the earlier PUSCH on non-overlapped resources. 
Proposal 3: Later UL grant can override earlier UL grant if the UE is unable to transmit two PUSCHs simultaneously within processing timeline.
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. In NR Release 15, UCIs on overlapping PUCCHs would be multiplexed and transmitted on one PUCCH if the processing timeline is satisfied. However, this would occur extra latency for URLLC UCI. For example, URLLC SR can be carried on short PUCCH with only one or two symbols, and when it overlaps with eMBB CSI which is carried by a long PUCCH, multiplexing URLLC SR and eMBB CSI would certainly cause extra latency for URLLC traffic scheduling. Similar problems are seen when multiplexing of URLLC ACK/NACK transmitted on short PUCCH and eMBB CSI transmitted on long PUCCH. Therefore, enhancements for collisions between UCIs need to be further studied.
Proposal 4: Enhancements should be further studied for UCIs multiplexing/prioritization on PUCCH to guarantee the latency of URLLC UCI. 
Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
This scenario mainly considers a case where the resources of uplink control transmission overlaps in time with uplink data transmission relating to another traffic with either higher or lower priority. In NR Release 15, UCI piggyback on PUSCH is supported no matter what traffic type the PUSCH carries and the UCI related to. If a UE has a PUSCH transmission that overlaps with a PUCCH transmission that includes HARQ-ACK information and/or semi-persistent/periodic CSI and the conditions for multiplexing the UCI in the PUSCH are satisfied, the UE multiplexes the HARQ-ACK information and/or the semi-persistent/periodic CSI in the PUSCH. Offset values and scaling factors are defined to determine the code rate and maximum number of resources for the corresponding UCI transmission.
[bookmark: _Hlk521082676]However, different reliabilities are required for PUSCH and UCI bearing different types of service, so the same UCI piggyback parameter and rule for all of PUSCH and UCI transmissions seems not so reasonable. Therefore, it is expected that different parameters related to UCI-OnPUSCH could be configured for different type of PUSCH and/or UCI (i.e. URLLC UCI on eMBB PUSCH, URLLC UCI on URLLC PUSCH, eMBB UCI on URLLC PUSCH, eMBB UCI on eMBB PUSCH). Specifically, 
· UCI-OnPUSCH can be enabled or disabled for different type of PUSCH and/or UCI：i.e. URLLC UCI is allowed to multiplex with eMBB PUSCH but eMBB UCI piggyback on URLLC PUSCH is not supported, thus the reliability of URLLC could be guaranteed.
· Different scaling factors are configured for different type of PUSCH and/or UCI to limit the number of resource elements assigned to UCI on PUSCH: i.e. when URLLC UCI multiplexes with eMBB PUSCH, the scaling factor can be set to 0.8, but when eMBB UCI piggybacks on URLLC PUSCH, the scaling factor can be reduced to 0.5. In that case, enough resources can be reserved for URLLC PUSCH and UCI.
· Different beta offsets including both semi-static beta offsets and dynamic beta offsets are used for different type of PUSCH and/or UCI to adjust the code rate of UCI: i.e. in order to achieve higher reliability for URLLC PUSCH and UCI, the beta offset for URLLC UCI should be higher than eMBB UCI.
· [bookmark: _Hlk534834404]Different kinds of UCI (e.g. ACK/NACK, CSI part 1, CSI part 2) or different UCI payload size are allowed for UCI piggyback for different type of PUSCH and/or UCI, that is, if some kinds of UCI are not allowed to piggyback on some kinds of PUSCH, they will be dropped. For example, all kinds of UCI can be multiplexed with eMBB PUSCH but only ACK/NACK can be piggybacked on URLLC PUSCH.
In order to maximize the reuse of existing mechanisms, UE could distinguish type of PUSCH and UCI based on the RNTI used to scramble the DCI scheduling PUSCH and PDSCH, respectively. Alternatively, different DCI formats can be used to distinguish traffic types if new DCI format (i.e. compact DCI) is supported for URLLC.
However, there are some additional issues for UCI piggyback should be also considered, such as the latency of URLLC ACK/NACK can not be fulfilled when it is multiplexed with eMBB PUSCH, and SR is dropped when it collides with PUSCH transmission in Rel-15. Further enhancements should be studied towards this scenario.
Proposal 5: Multiple sets of parameters related to UCI-OnPUSCH (e.g. UCI-OnPUSCH enabled or not, scaling, beta offsets and so on) are configured by RRC signaling and UE can select one parameter set according to the type of PUSCH and/or UCI.
Proposal 6: UE can distinguish type of PUSCH and UCI based on the RNTI used to scramble the DCI scheduling PUSCH and PDSCH. Alternatively, different DCI formats can also be an option.
3 Conclusion
In this contribution, we further analysed the prioritized five Scenarios for intra-UE UL prioritization/multiplexing and the following proposals are made:
Proposal 1: Later DL grant can override earlier DL grant if the UE is unable to decode the two PDSCHs simultaneously within the processing timeline.
Proposal 2: UE should prioritize the grant on which data of higher priority can be transmitted with consideration of LCP restrictions and required processing timeline.
Proposal 3: Later UL grant can override earlier UL grant if the UE is unable to decode the two PDSCHs simultaneously within the processing timeline.
Proposal 4: Enhancements should be further studied for UCIs multiplexing on PUCCH to guarantee the latency of URLLC UCI. 
Proposal 5: Multiple sets of parameters related to UCI-OnPUSCH (e.g. UCI-OnPUSCH enabled or not, scaling, beta offsets and so on) are configured by RRC signaling and UE can select one parameter set according to the type of PUSCH and/or UCI.
Proposal 6: UE can distinguish type of PUSCH and UCI based on the RNTI used to scramble the DCI scheduling PUSCH and PDSCH. Alternatively, different DCI formats can also be an option.
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