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1	Introduction
One of the objectives of the study on NR Industrial IoT [1] is:
	a) [bookmark: _Hlk523733459][bookmark: _Hlk524612594]UL/DL intra-UE prioritization/multiplexing, i.e. prioritization (for example dropping, delaying or puncturing lower priority service) between different categories of traffic in the UE, including both data and control channels and considering (RAN2/RAN1):
i) different latency and reliability requirements
ii) Different types of resource allocation for example grant-free and grant-based allocations
Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.



UL/DL intra-UE traffic multiplexing/prioritization was discussed at RAN2 #103bis meeting, first about use cases, scenarios and potential involvement of RAN1. The discussion outcome related to RAN1 is summarized in R1-1814342 (R2-1818795) [2] and the requested actions for RAN1 are listed as follows:
ACTION: 	RAN2 respectfully asks RAN1 to take the above information into account and study solutions for intra-UE traffic prioritization for the following five scenarios:
· 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

In addition, RAN1 may also consider studying the following scenarios:
· 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
As concluded from RAN2 discussions, RAN1 should be involved in all these scenarios and the first five scenarios are with high priority. In this contribution, we will focus our discussion on the high priority scenarios [2], their related issues and potential impacts on RAN1 work. Scenario 6 could be supported with proper configuration and UE just drops the transmission over low priority carrier and hence not necessary to be included in RAN1 study. Scenario 7 is closely linked with inter-UE multiplexing which is under discussion in a separate agenda item 7.2.6.2. The generalization of the outcome from the inter-UE multiplexing discussion can be quite straightforward to cover intra-UE multiplexing. Therefore, we do not see the need to discuss or separately discuss Scenarios 6 and 7 in RAN1, and we focus on Scenarios 1-5 in this contribution.
 
2	Discussion on intra-UE DL prioritization (Scenario 1)
[bookmark: _Toc415085486][bookmark: _Toc503902285]One scenario related to intra-UE DL prioritization is included in [2] and this scenario considers a case where a UE has sequentially received two DL assignments with overlapping radio resources in time. As clearly indicated in the LS, RAN2 has already taken the assumption that the later DL assignment has priority over the earlier DL assignment. This is a reasonable assumption for gNB implementation, because the gNB would not send the later DL assignment if it does not have a higher priority. As the first step, RAN1 should agree this assumption and hence we propose:
Proposal 1: If configured for the Rel-16 UE, the later DL assignment has higher priority than the earlier DL assignment in case a UE receives two DL assignments that indicate PDSCH resource allocations overlapping in time.
As a follow-up step, RAN1 should study solutions for prioritizing later received DL assignments. Before moving to the solution discussion, we need to separately investigate two different cases in terms of UE capability of simultaneous reception of multiple PDSCHs:
· Case 1: UE is capable of simultaneously receiving multiple PDSCHs and the resources for different PDSCHs are not overlapping in frequency;
· Case 2: UE is not able to simultaneously receive multiple PDSCHs and/or the resources for different PDSCHs are overlapping in frequency.
For Case 1, UE can decode multiple PDSCHs simultaneously in a similar way as with a single PDSCH. Such capability information should be known by gNB for proper resource allocation. 
Case 2 is more complicated, and this case was discussed during Rel-15 timeframe as well. In this case, only one PDSCH can be handled at one time.  Hence, UE is monitoring PDCCH for high priority traffic like URLLC while receiving PDSCH for low priority traffic like eMBB, the later DL assignment could be used as an indication for this UE to stop receiving the ongoing PDSCH transmission and start to receive according to the new(er) DL assignment instead. The overall principle is presented in Figure 1 where the low priority eMBB traffic is “punctured”. How to handle the impacted eMBB data needs to be studied further, for example continuing eMBB data transmission after URLLC data in case there is resource left from the first DL assignment or stopping eMBB data packet transmission completely and transmitting eMBB data with the new resource which can be assigned with a new DL assignment.


Figure 1 Intra-UE DL prioritization
Observation 1: Intra-UE DL prioritization depends on the UE capability of simultaneous multiple PDSCH reception and resource in frequency. How to handle the impacted DL low priority data packet needs further study.
3	Discussion on intra-UE UL prioritization
Comparing to DL case, intra-UE UL prioritization is more complicated with the considerations of different resource usage (configured grant vs. dynamic grant), prioritization between control and/or data channels etc. This can be seen clearly from the RAN2 discussion outcome as well, among the five identified high priority scenarios, four scenarios are related to UL. In the following we will share our views on these four scenarios.
Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant
As described in [3], in this scenario, a UE receives a dynamic grant for uplink transmission, the associated PUSCH of which overlaps in time with reserved uplink resources activated by either Type-1 or Type 2 configured grant. According to Rel-15 specification, the UE behaviour as captured in current MAC specification is that UE always prioritizes dynamic grant (DG) over configured grant (CG). The current specification has not considered the priority of the traffic that is being carried over the resource with DG vs. the one to be sent over the CG resource.  In practice, it is possible that the traffic over either the DG resources or the CG resources has higher priority. The priority handling between CG and DG should be flexible depending on the traffic QoS (for example priority), logical channel mapping rule and so on. 
Observation 2: The current rule of always prioritizing dynamic grant over configured grant may often lead to higher priority traffic being down-prioritized or handled inefficiently.
Observation 3: The priority between dynamic grant and configured grant should be flexible and the priority decision should be dependent on e.g. traffic priority, logical channel mapping rule and so on.
When applying the new priority rules handling the prioritization of dynamic grant and configured grant, in case there is sufficient time for MAC layer to prioritize the traffic flows with different priority levels, no two data flows will be sent to PHY layer simultaneously and there is no impact on PHY layer. If MAC already requested PHY to transmit a low priority PUSCH, which has not started yet, and then sends another request to transmit a higher priority PUSCH that overlaps with the low priority PUSCH, the low priority PUSCH can still be fully cancelled as long as there is sufficient processing time. The more complicated scenario is that the low priority PUSCH is in the middle of transmission, or there is no sufficient processing time to fully cancel the low priority PUSCH. In this case, ways to handle the impacted low priority transmission, for example possible indication to gNB about the new PUSCH, resuming/stopping low priority PUSCH transmission and so on need to be further studied. One example case is illustrated in Figure 2 where the configured grant resource for high priority data overlaps in time and frequency with the dynamic grant resource. 



Figure 2 Configured grant overriding dynamic grant with both grants overlapping in time and frequency
In case the CG resource and DG resource are not overlapping in frequency but overlapping in time and further if RAN1 agrees to support simultaneous multiple PUSCH transmissions over the same carrier, there is no problem if the UE can send multiple PUSCHs with different resources in frequency (overlapping in time). However, in case UE does not support simultaneous multiple PUSCH transmissions over the same carrier, similar problems as discussed above with respect to Figure 2 still exist.
Observation 4: For RAN1, the most challenging problem is how to handle the impacted low priority PUSCH in case that the low priority PUSCH transmission has to be stopped during an ongoing transmission.
Scenario 3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants
In this scenario, a UE receives two dynamic grants from the gNB for uplink transmission where the UL radio resource associated with a dynamic grant overlaps with another dynamic grant in time [2, 3]. For such cases, currently there is no existing mechanism or rules for the UE to determine how to handle prioritization between these two grants as this is regarded as an error case (with the UE behaviour undefined). From gNB implementation point of view, it is a reasonable assumption that the later grant is for high priority traffic if so intended, assuming the UE does not support simultaneous multiple PUSCH transmissions on a carrier. Otherwise there is no point to issue the later grant at all. Taking this assumption as the starting point, RAN 1 should agree that:
Proposal 2: If configured for the Rel-16 UE, the later UL grant has higher priority than the earlier UL grant in case a UE receives two UL grants that indicate PUSCH resource allocations overlapping in time.
Similarly, as discussed in the Scenario 2, here we could separate two different cases based on Proposal 2:
· Case 1: there is sufficient time for UE not to start the transmission corresponding to the earlier UL grant (i.e. the lower priority PUSCH). In this case, from PHY layer point of view, only the higher priority PUSCH will be transmitted. How to handle the low priority PUSCH is the open issue to be discussed further, for example starting the low priority PUSCH transmission with the remaining resource or simply keeping the data in the HARQ buffer and waiting for new related UL grant.
· Case 2: PHY layer already started the transmission process of low priority traffic as shown in Figure 3, or there is no sufficient time to fully cancel the lower priority traffic. How to handle the impacted low priority PUSCH needs to be studied further, for example simply stopping or possibly resuming low priority PUSCH transmission. Once the UE behaviour is defined, the gNB knows which part of the low priority PUSCH is transmitted or not transmitted (because the gNB sent both UL dynamic grants).. 


Figure 3 Later grant overriding earlier grant
Observation 5: Similar as for Scenario 2, RAN1 should study further how to handle the impacted low priority PUSCH in case that the low priority PUSCH transmission has to be stopped during an ongoing transmission.

Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
In this scenario, a UE needs to conduct uplink transmission of control information such as SR, HARQ feedback and CSI associated with a prioritized traffic at the same time as the on-going uplink transmission of control information for other traffics with lower priority levels. Prioritization needs to be considered in order to guarantee the latency and reliability performance for URLLC traffic. 
Currently there is no traffic differentiation between URLLC and eMBB, and the uplink control information is handled in the same way for all traffic types. However, there is ongoing discussion on UCI/PUCCH enhancements for URLLC in the URLLC PHY SI (Physical Layer Enhancements for NR URLLC). Traffic differentiation and the prioritization of URLLC related UCI (especially HARQ-ACK and SR) has been discussed in that context. In our view, it is better to handle this scenario under that agenda item considering all the related discussions.
Proposal 3: RAN1 should study Scenario 4 under the agenda item of UCI enhancement in the URLLC PHY SI.
 
Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
In scenario 5, a UE needs to conduct uplink transmission of control information such as SR, HARQ feedback and CSI associated with a prioritized traffic at the same time as the on-going uplink transmission of data for other traffics with lower priority levels. Prioritization needs to be considered in order to guarantee the latency and reliability performance for URLLC traffic.
Similar as scenario 4, currently there is no traffic differentiation between URLLC and eMBB, and the uplink control information and data are handled in the same way for all traffic types. Under the UCI/PUCCH enhancements agenda item in the URLLC PHY SI (Physical Layer Enhancements for NR URLLC), traffic differentiation and the prioritization of URLLC related control and data channel has been discussed. We see it makes better sense to handle this scenario in URLLC PHY SI as well, in the scope of PUCCH enhancement. 
Proposal 4: RAN1 should study Scenario 5 under the agenda item of UCI enhancement in the URLLC PHY SI.
4	Conclusions
In this contribution, we discussed the identified high priority intra-UE DL/UL prioritization scenarios from RAN2 and their impacts on RAN1 work. Based on the discussions in this contribution, the following observations and proposals are made: 
for DL intra-UE priorization:
Proposal 1: If configured for the Rel-16 UE, the later DL assignment has higher priority than the earlier DL assignment in case a UE receives two DL assignments that indicate PDSCH resource allocations overlapping in time.
Observation 1: Intra-UE DL prioritization depends on the UE capability of simultaneous multiple PDSCH reception and resource in frequency. How to handle the impacted DL low priority data packet needs further study.
And for UL intra-UE priorization:
Observation 2: The current rule of always prioritizing dynamic grant over configured grant may often lead to higher priority traffic being down-prioritized or handled inefficiently.
Observation 3: The priority between dynamic grant and configured grant should be flexible and the priority decision should be dependent on e.g. traffic priority, logical channel mapping rule and so on.
Observation 4: For RAN1, the most challenging problem is how to handle the impacted low priority PUSCH in case that the low priority PUSCH transmission has to be stopped during an ongoing transmission.
Proposal 2: If configured for the Rel-16 UE, the later UL grant has higher priority than the earlier UL grant in case a UE receives two UL grants that indicate PUSCH resource allocations overlapping in time.
Observation 5: Similar as for Scenario 2, RAN1 should study further how to handle the impacted low priority PUSCH in case that the low priority PUSCH transmission has to be stopped during an ongoing transmission.
Proposal 3: RAN1 should study Scenario 4 under the agenda item of UCI enhancement in the URLLC PHY SI.
Proposal 4: RAN1 should study Scenario 5 under the agenda item of UCI enhancement in the URLLC PHY SI.
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