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Introduction
[bookmark: _Ref129681832]In the RAN2 #104 meeting, a few targeted Intra-UE prioritization/multiplexing scenarios were discussed and identified [1]. Among all these scenarios, scenario 1 is about intra-UE DL prioritization. 
· Scenario 1: Intra-UE DL Prioritization
This scenario considers a case where a UE has sequentially received two DL assignments with overlapping radio resources in time. RAN2 assumes that by the later DL assignment has priority over the earlier DL assignment, considering that in principle the gNB will only give an assignment that overlaps with previous assignment for higher priority traffic. Based on such assumption, RAN1 should study solutions for prioritizing later received DL assignments.
In the RAN #83 meeting, it has been agreed to support the handling of scenario 1 in NR_L1enh_URLLC [2].  
In the RAN1 #96bis meeting, following agreements about scenario1 were achieved [3].
Agreements:
In case two unicast PDSCHs for a UE are overlapping, the following scenarios are identified:
· Scenario 1-1: Overlapping in the time domain and not in the frequency domain
· Scenario 1-2: Overlapping both in the time and frequency domains
This contribution mainly provides our views on the RAN1 impacts coming from DL intra-UE prioritization and multiplexing.
DL Intra-UE prioritization
We have identified three different cases when the UE cannot process two PDSCHs simultaneously:
· Case 1: Two DL assignments with out-of-order HARQ-ACKs
In RAN1 #96 meeting, it is agreed to support out-of-order HARQ-ACK for a Rel. 16 eURLLC UE:
For a Rel. 16 eURLLC UE and dynamic downlink scheduling, on the active BWP of a given serving cell, the HARQ-ACK associated with the second PDSCH with HARQ process ID x received after the first PDSCH with HARQ process ID y (x != y) can be sent before the HARQ-ACK of the first PDSCH.
As shown in Figure1, PDSCH D2 is scheduled after PDSCH D1 while HARQ-ACK2 is required to be sent before HARQ-ACK2. This happens when PDSCH D2 is URLLC traffic and PDSCH D1 is eMBB traffic. In such case, the processing conflict happens. More details for this case can be found in our companion contribution [4].
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Figure 1. Processing Conflict in out-of-order HARQ-ACK case

· Case 2: Two DL assignments with overlapping radio resources in time
Another case of UE processing unit conflict is the scenario 1 in [1]. This scenario considers a case where a UE has sequentially received two DL assignments with overlapping time-domain resources.
As shown in Figure 2, the radio resources for PDSCH D1 and D2 are partially overlapping in time domain. And the PDSCH D1 to HARQ-ACK1 and the PDSCH D2 to HARQ-ACK2 satisfy the PDSCH-to-HARQ-ACK timeline respectively (section 5.3 in [5]). Then, the UE processing unit conflicts when the UE needs to feedback both HARQ-ACKs.
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Figure 2. Processing conflict when two DL assignments with overlapping time-domain resources

· Case 3: Two DL assignments with the scheduling restriction in Rel-15
In Rel-15, the scheduling restriction for PDSCH was agreed and captured in section 5.1 of [5].
“For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the ending symbol of the first PDSCH with a PDCCH that does not end earlier than symbol i.”
Even with the scheduling restriction in Rel-15, when two continuous PDSCHs are scheduled to a UE, there may be some scheduling scenarios that the UE cannot handle. For example, it is assumed that PDSCH mapping type A with additional DMRS is configured, the duration for PDSCH D1 is 12 symbols and the duration for the following PDSCH D2 is 4 symbols. In this case, there would be a processing conflict at the UE side because the ending of the processing for PDSCH D1 is later than the beginning of the processing for PDSCH D2. This is illustrated in Figure 3.  If the HARQ-ACK timing for D2 would be more relaxed, then the UE could delay its processing of PDSCH D2 and thereby avoid the need for a higher complexity in order to serve both channels. 
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Figure 3. Parallel DL reception in one UE. Demodulation and Decoding of two PDSCHs occur simultaneously at the UE  
However, if the latter PDSCH is URLLC traffic, the N1 timeline would be very tight and delaying the HARQ-ACK would not be possible. Thus, it needs to be studied how to handle URLLC data for the case of parallel DL reception processing without increasing the UE complexity.
Observation: For UEs attempting to process two PDSCHs simultaneously, a UE processing unit conflict happens in following cases.
· Case 1: Two DL assignments with out-of-order HARQ-ACKs
· Case 2: Two DL assignments with overlapping radio resources in time
· Case 3: Two DL assignments with the scheduling restriction in Rel-15

As concluded in the above discussion, the URLLC traffic cannot be delayed in the case of parallel DL reception processing. Thus, the UE needs to choose one traffic type to decode first. Considering that URLLC traffic requires higher reliability and lower latency than eMBB traffic, the UE should always firstly decode the URLLC traffic when parallel DL reception processing of URLLC and eMBB traffic occurs. In Rel-16, if URLLC/eMBB identification is introduced in the physical layer, L1 identification can be used to indicate the priority of different PDSCHs. 
Proposal 1: For Rel-16, URLLC traffic shall have higher priority than other traffic in the event of UE processing unit conflict.
As for the handling of the PDSCH D1, different solutions for the out-of-order HARQ-ACK case are discussed in our companion contribution [4]. Similar operations can be used for case 2 and case 3.
Proposal 2: For Rel-16, when reception processing of URLLC and eMBB data occurs simultaneously at the UE side, the scheduled channel of eMBB traffic can be dropped.
· FFS, if the scheduled channel of eMBB traffic should always be dropped or if under some (TBD) conditions both channels of different traffics shall be processed.
PI enhancement
In 38.213, the UE behavior upon reception of PI is specified: “If a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no transmission to the UE is present in PRBs and in symbols, from a set of PRBs and a set of symbols of the last monitoring period, that are indicated by the DCI format.” Thus, a UE may disregard the whole indicated region. A problem that has been discussed already during Rel15 is the potential “self-flushing” of URLLC traffic. If the UE monitors DL PI, it may flush the resources indicated by the DCI with INT-RNTI, even if these flushed resources that is allocated to the URLLC traffic of this UE.
This PI flushing issue is left to the implementation in Rel-15. As a consequence, the gNB would not configure a UE to monitor DL PI if this UE is simultaneously running eMBB and URLLC service. If the scheduled eMBB PDSCH of this UE is punctured by other UE’s URLLC PDSCH, gNB cannot inform this situation to the UE. As a result, the performance of eMBB traffic would degrade seriously.
In Rel-16, if URLLC/eMBB identification is introduced in the physical layer, the DL PI enhancement should be considered since it is essential that DL PI can be configured to the UE who supporting multiple services. If the UE receives the scheduled URLLC traffic, it can skip monitoring PI or not flush its buffer related to URLLC traffic. And if the UE receives the scheduled eMBB traffic, it can monitor PI and follow the PI indication as Rel-15. Different mechanisms can be used to the differentiation of eMBB and URLLC services, and the details are discussed in our companion contribution [6].
In RAN1 #96bis meeting, two scenarios of two unicast PDSCHs for a UE overlapping are identified. For scenario 1-2, the two PDSCHs are overlapping both in the time and frequency domains. To guarantee the reliability of URLLC PDSCH, the eMBB PDSCH should be punctured at least in the overlapping resources. In such scenario, the UE can always receive URLLC PDSCH regardless of PI. As for eMBB PDSCH, the UE can drop it and always feedback NACK for it. If it is agreed to process both PDSCHs under some conditions, than the UE can keep on monitoring PI and follow the PI indication to do eMBB PDSCH processing.
Furthermore, if priority indication [7] is transmitted in URLLC DCI, PI can be extended to solve resource puncturing among more than two traffics.
Proposal 3: For Rel-16 URLLC UE, if URLLC/eMBB identification is introduced in physical layer, the URLLC traffic transmission of the UE which is monitoring DL PI should be excluded from the data flushing that is triggered by the DL PI.
Conclusion
In this contribution, we provide our views on the design of the DL intra-UE prioritization and multiplexing of eMBB and URLLC. We have the following observations and proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation: For UEs attempting to process two PDSCHs simultaneously, a UE processing unit conflict happens in following cases.
· Case 1: Two DL assignments with out-of-order HARQ-ACKs
· Case 2: Two DL assignments with overlapping radio resources in time
· Case 3: Two DL assignments with the scheduling restriction in Rel-15

Proposal 1: For Rel-16, URLLC traffic shall have higher priority than other traffic in the event of UE processing unit conflict.
Proposal 2: For Rel-16, when reception processing of URLLC and eMBB data occurs simultaneously at the UE side, the scheduled channel of eMBB traffic can be dropped.
· FFS, if the scheduled channel of eMBB traffic should always be dropped or if under some (TBD) conditions both channels of different traffics shall be processed.
[bookmark: _GoBack]Proposal 3: For Rel-16 URLLC UE, if URLLC/eMBB identification is introduced in physical layer, the URLLC traffic transmission of the UE which is monitoring DL PI should be excluded from the data flushing that is triggered by the DL PI.
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