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1 Introduction

In the LS [1] sent by RAN 2, the following topics are to be studied in RAN 1 for intra-UE multiplexing:
· Scenario 1: Intra-UE DL Prioritization

· 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

· Scenario 6: Intra-UE UL Prioritization – CA-based Concurrent Transmission with Power Limitation

· Scenario 7: Intra-UE UL Prioritization – Power Control for Traffics with Different Priorities

In this contribution, we present our views on both DL and UL intra-UE prioritization. This contribution is revision of R1-1900499.
2 DL Intra-UE Prioritization
In this section, we discuss DL transmission prioritization, i.e., when a UE is assigned more than one PDSCH in overlapping resource or needs to process more than one PDSCH simultaneously, where HARQ timeline of more than one PDSCHs could possibly overlap. In Rel.15, it is not permitted that the HARQ-ACK feedback of a PDSCH is scheduled earlier than the HARQ-ACK feedback for another earlier scheduled PDSCH. However, in order to meet the latency budget of more urgent traffic, out of order HARQ-ACK transmission can be useful. For a UE supporting both eMBB and URLLC, URLLC packet may arrive during ongoing eMBB transmission, and transmission of URLLC packet may need to be completed before eMBB packet.
Depending on the timeline of the scheduled PDSCHs, we can identify three scenarios considering two PDSCHs, where grant for second PDSCH is received after the grant of first PDSCH and HARQ-ACK time of second PDSCH is scheduled before the HARQ-ACK time of first PDSCH

 .

a) Resources assigned for first and second PDSCHs overlap in time and frequency

b) Resources assigned for first and second PDSCHs overlap in time but not in frequency

c) Resources assigned for first and second PDSCHs do not overlap and second PDSCH starts after first PDSCH
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Figure 1: Out of order scheduling of two PDSCHs where HARQ-ACK time of later scheduled PDSCH can be before the earlier scheduled PDSCH.

Three cases are illustrated in Figure 1 and related UE behaviors are discussed below:
Case a) 
· First PDSCH is dropped, from where the overlap starts. Consequently, UE reports a NACK as HARQ-ACK feedback corresponding to the first PDSCH. 
Case b) 

· If UE is not capable of handling parallel processing, then first PDSCH is dropped, from where the overlap starts. Consequently, UE reports a NACK as HARQ-ACK feedback corresponding to the first PDSCH.

· If UE is capable of handling parallel PDSCH transmissions, then in Rel 16, it needs to be specified what is the maximum number of parallel unicast PDSCHs UE would expect, for example, at most two. Moreover, it needs to be studied whether relaxations to the PDSCH minimum processing times may be needed in this case to ensure HARQ-ACK timeline of both transmissions are met

· It needs further discussion how semi-static HARQ-ACK codebook can be configured if more than one PDSCH transmission is allowed in same PDSCH candidate position in a slot, which may be necessary to satisfy latency of some urgent traffic. 

Case c) 
· If UE is not capable of handling parallel processing, then processing of first PDSCH is dropped, i.e., UE may just send NACK.
· If UE is capable of handling parallel PDSCH processing (because HARQ-ACK timeline overlaps), then similarly, as above, maximum number of parallel unicast PDSCHs expected need to be specified and it needs to be studied whether relaxations to the PDSCH minimum processing times may be needed.

If the HARQ-ACK timeline overlaps, then HARQ feedbacks can be multiplexed in a codebook similar to current HARQ operations. 

Identification of Priority: UE identifies that second PDSCH is prioritized over first PDSCH based on timeline of occurrence, i.e., based on some rules satisfied. It is understood that network may only schedule two PDSCHs in an overlapping manner, if the later scheduled one is more urgent than the first one. Similarly, the HARQ-ACK feedback of the later scheduled PDSCH can be consequently prioritized if the resource collides with other UL transmission or if it cannot be reliably multiplexed within other UL channel. Hence, in our opinion, PHY differentiation by explicit L1 indication is not necessary for identification of priority for processing overlapping PDSCHs.

Proposal 1: If parallel PDSCHs, if not overlapping in frequency, processing is supported, RAN1 needs to specify what is the maximum number of parallel PDSCHs UE would expect.

Observation 1: PHY layer service differentiation is not necessary for DL intra-UE prioritization. 

Proposal 2: Prioritization of a DL PDSCH can be identified based on relative timing of the scheduled PDSCHs.
3 UL Intra-UE Prioritization
In this section, we discuss several scenarios of collision handling between UL data channel(s) and/or UL control channel in PUCCH.
3.1 Resource conflict between configured grant and dynamic grant

In Rel 15, grant-based PUSCH is prioritized over grant-free PUSCH in a given transmission occasion. Hence, when gNB sends UL grant, it could skip looking for PUSCH based on configured grant in the slots where the resources overlap. However, traffic with lower latency requirements may be transmitted using configured grant-free resource and prioritizing grant-based transmission in case of overlap might delay latency-critical transmission. Hence, prioritizing grant-free PUSCH over grant-based PUSCH in some cases may be beneficial.
After the UE identifies LCP and which resources, i.e., grant-based or grant-free, satisfy the resource assignment constraints associated with the logical channels in consideration, UE needs to identify resource mapping for packets that are ready in the logical channels. 
In Rel 16, in order to prioritize grant-free PUSCH to facilitate low latency UL transmission, higher layer resource configuration for UL configured grant may include an explicit indication. If this indication is true and if there is overlap in resources involving the PUSCH transmission based on this configured resource with other PUSCH resource, then UL transmission is made using the configured resource, and dropping other PUSCH in overlapping resource.

Proposal 3: Rel 16 supports configuring a UE such that resource for configured grant can be prioritized for transmission if it overlaps with other grant-based PUSCH resource.
· This can be considered when LCP cannot resolve identification of resource
3.2 Resource conflict between dynamic grants

This scenario is similar to DL PDSCHs that overlap in resource. UE prioritizes the later scheduled PUSCH if it overlaps in resource, in time and/or frequency, with a previously scheduled PUSCH. Hence, prioritization rule can be adopted whether later received grant can override the previous grant, and priority level indication in DCI may not be needed. As long as the DCI for scheduling the later PDSCH arrives before N2 symbols and UE supports Cap 2, it is expected that UE can cancel the ongoing PUSCH and start new PUSCH based on later received grant.
Observation 2: PHY layer service differentiation is not necessary for UL intra-UE prioritization between two dynamically scheduled PUSCH. 

Proposal 4: NR supports a prioritization rule where later received UL grant can override an earlier UL grant if their scheduled resources for the PUSCH transmissions overlap in time.

3.3 Resource conflict between control channel and control channel

If a UE supports communication of multiple service types, UCI resource of one service type can overlap with UCI resource of the other type.  Below, we consider few scenarios that are of interest.
· If URLLC SR resource overlaps with eMBB HARQ-ACK or eMBB SR or CSI resource
· URLLC SR can be multiplexed with eMBB HARQ-ACK or CSI on a PUCCH, if timeline requirement is met
·  If the SR periodicity is shorter than the duration of the PUCCH when UCIs are multiplexed, then SR may be prioritized and other UCI is dropped. This can be configured as part of SR configuration. 
· From SR prioritization configuration, UE may be able to identify URLLC SR and prioritize its transmission over eMBB SR.
· In Rel 15, it is up to UE implementation to transmit which SR in case when multiple SRs overlap in time. 
· If URLLC HARQ-ACK overlaps with eMBB HARQ-ACK, eMBB SR, or CSI resource

· URLLC and eMBB HARQ-ACK can be multiplexed in HARQ codebook as usual operation. Note that in typical cases, it is expected that the corresponding HARQ-ACK feedback for the two PDSCHs may be transmitted using different PUCCHs that are TDM-ed.
· If dropping is needed, HARQ-ACK corresponding to the most recent grant is prioritized

· URLLC HARQ-ACK can be multiplexed with eMBB SR or CSI, if timeline requirement is met,
otherwise CSI feedback in PUCCH is dropped and eMBB SR may be delayed
· UE may be able to identify from SR configuration how urgent the SR is and whether it can be dropped

· Rel 15 already specifies that HARQ-ACK has higher priority than CSI.

· Dropping of CSI can be based on higher layer configuration

· If URLLC HARQ-ACK overlaps with URLLC SR, those can be multiplexed in a common PUCCH resource.

While we agree that reliability requirement of URLLC UCI may be higher than that of eMBB UCI, however it needs further study how much degradation is caused if URLLC UCI is multiplexed with other UCI type or CSI, or if it is a concern, gNB may not schedule UCI resources in overlapping manner, i.e., handle the conflict by implementation or ensure that the PUCCH resource configuration includes resources dimensioned for robust-low code rate UCI encoding.
Observation 3: Explicit L1 indication for prioritization of one UCI type over the other may not be necessary. 
Proposal 5: 
· SR configuration can be exploited to identify when to prioritize SR if its resource overlaps of eMBB HARQ-ACK and/or CSI.

· URLLC HARQ-ACK and eMBB HARQ-ACK can be multiplexed in case of resource overlap. 
· If reliability of the multiplexed HARQ-ACK is of concern, HARQ-ACK corresponding to the last DL grant is prioritized

Now, in the context of multiple HARQ-ACK transmission possibility in a slot, it needs further study how to identify PUCCH resource, whether to multiplex with first or second occasion in the slot, if both occasions are scheduled to carry HARQ-ACK feedback.
3.4 Resource conflict between control channel and data channel
 

Similarly as above, if a UE supports multiple service types, resource of UCI of one type may overlap with PUSCH resource with a different type. Below, we discuss few cases in this context:

· If URLLC HARQ-ACK resource overlaps with eMBB PUSCH 
· URLLC HARQ-ACK can be multiplexed in the PUSCH, e.g., can be mapped at the beginning of the PUSCH after DMRS so that latency does not increase much

· If URLLC SR resource overlaps with eMBB PUSCH 
· eMBB PUSCH is dropped, by exploiting LCP information

· If URLLC SR resource overlaps with PUSCH without scheduled data
· PUSCH is dropped, according to Rel 15
· If URLLC PUSCH overlaps with eMBB SR
· eMBB SR is delayed, by exploiting LCP information 
· If URLLC PUSCH overlaps with eMBB HARQ-ACK feedback
· HARQ-ACK can be multiplexed onto PUSCH, based on beta offset and DAI information in UL grant. 
· If the URLLC PUSCH is based on configured grant (CG), higher layer configuration of configured grant can be used to prioritize PUSCH and drop eMBB HARQ-ACK. If not configured or not prioritized, then eMBB HARQ-ACK can be multiplexed according configured beta offset value as DAI may not be available for CG PUSCH.

· If CSI feedback resource overlaps with eMBB or URLLC PUSCH

·  CSI report can be multiplexed onto PUSCH according to beta offset values
·   If PUSCH is based on CG, higher layer configuration can be used to prioritize PUSCH and drop CSI reporting.

Observation 4: Existing multiplexing and prioritization rules may be sufficient for control and data channel overlaps in time domain for most cases. 


Proposal 7: 

· In case of conflict between URLLC SR and PUSCH, SR configuration can be exploited for prioritization.

· Higher layer configuration of configured grant transmission can be used to prioritize PUSCH and drop overlapping HARQ-ACK or CSI report.
3.5 CA-based Concurrent Transmission with Power Limitation
In our view, CA can be configured for a UE when there is sufficient power available. If a UE is supporting critical urgent communications such as URLLC, gNB may not configure UL CA for the UE in the first place if the UE could be power limited. This scenario can be handled by gNB implementation, i.e., based on PHR information reported by the UE, it may not schedule transmission in multiple carriers.
3.6 Power Control for Traffics with Different Priorities

RAN1 is investigating the feasibility and benefits of enhancements related to possible support of dynamic power boosting for higher priority traffic. In our opinion, there is a very limited use cases where dynamic power boosting may be beneficial beyond the already available mechanisms for power control in Rel 15. Moreover, issues such as power limitation and increased inter-cell interference make the usefulness of such solutions questionable. 

4 Conclusions

In this contribution, we presented our views on intra-UE multiplexing enhancements for Rel-16 eURLLC/IIoT, and based on the presented discussion, we have the following observations and proposals:

Proposal 1: If parallel PDSCHs, if not overlapping in frequency, processing is supported, RAN1 needs to specify what is the maximum number of parallel PDSCHs UE would expect.

Observation 1: PHY layer service differentiation is not necessary for DL intra-UE prioritization. 

Proposal 2: Prioritization of a DL PDSCH can be identified based on relative timing of the scheduled PDSCHs.
Proposal 3: Rel 16 supports configuring a UE such that resource for configured grant can be prioritized for transmission if it overlaps with other grant-based PUSCH resource.
· This can be considered when LCP cannot resolve identification of resource
Observation 2: PHY layer service differentiation is not necessary for UL intra-UE prioritization between two dynamically scheduled PUSCH. 

Proposal 4: NR supports a prioritization rule where later received UL grant can override an earlier UL grant if their scheduled resources for the PUSCH transmissions overlap in time.

Observation 3: Explicit L1 indication for prioritization of one UCI type over the other may not be necessary. 
Proposal 5: 
· SR configuration can be exploited to identify when to prioritize SR if its resource overlaps of eMBB HARQ-ACK and/or CSI.

· URLLC HARQ-ACK and eMBB HARQ-ACK can be multiplexed in case of resource overlap. 

· If reliability of the multiplexed HARQ-ACK is of concern, HARQ-ACK corresponding to the last DL grant is prioritized

Observation 4: Existing multiplexing and prioritization rules may be sufficient for control and data channel overlaps in time domain for most cases. 


Proposal 7: 

· In case of conflict between URLLC SR and PUSCH, SR configuration can be exploited for prioritization.

· Higher layer configuration of configured grant transmission can be used to prioritize PUSCH and drop overlapping HARQ-ACK or CSI report.
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