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Introduction
[bookmark: _Ref129681832]In the RAN #83 meeting, the scope of RAN2 URLLC R16 WI was identified [1], and the collision of uplink grants should be jointly studied in RAN1 and RAN2. In the last RAN1 meeting [2], it was agreed that for two overlapping dynamic PUSCHs, the early scheduled PUSCH would be dropped if there is collision in time domain. Similarly, in the last RAN2 meeting [3], it was agreed that the later dynamic grant may always be prioritized over an earlier dynamic grant. 
This paper mainly focuses on the collision between dynamic grant and configured grant (i.e., the identified scenario 2 [4]) and the collision between multiple configured grants (i.e., the newly identified scenario [1][5]).
Collision between dynamic grant and configured grant
Currently, this scenario is mainly discussed in RAN2, and the details can be found in the summary paper [5]. During the discussions, some problems have been identified for RAN1 to further study.
Firstly, if time permits, the MAC layer can select one UL grant from the overlapping dynamic grant and configured grant to bear the URLLC data. The grant selection is performed in the MAC layer, and mainly related to the logical channel prioritization (LCP) procedure. For example, as proposed in the summary paper [5], the grant which is capable to carry the data with the highest priority should be selected. From our RAN1 understanding, this rule is okay, but the transmission reliability is also a key issue. Hence the MCS of two PUSCHs should also be considered during grant selection, especially when both grants can bear the data from the logical channels that have the highest priority. Also, if these two grants are linked to the same effective coding rate, then it is better to select the dynamic grant to avoid the potential resource collision among different GF UEs.
Observation 1: When both configured grant and dynamic grant are capable to bear data with highest priority, 
· The grant associated with a lower MCS should be selected for guaranteeing reliability; and 
· If these two grants have the same MCS, the dynamic grant should be selected to avoid potential interference from other GF UEs.
Secondly, some companies propose to define a minimum processing time and a corresponding timeline for the grant selection in the MAC layer. Specifically, as shown in Figure 1, it is expected that the distance from the arrival of the latter grant in the MAC layer to the earliest symbol of overlapped PUSCHs should be no smaller than a threshold T1 to enable grant selection in the MAC layer. In the MAC layer, no similar processing time is defined previously. Generally speaking, the MAC layer could use some processing time related to UE capability, but the definition of the processing time or UE capability is often left to RAN1 or RAN4, e.g., the BWP switching delay, the Scell activation delay. This is because the required processing time is not related to the procedure in the MAC layer, but more importantly, depends on the following procedure in the PHY layer, e.g., coding, modulation, precoding and resource mapping. As a result, if the timeline is necessary, it should be defined by RAN1 considering the PHY layer procedure, as suggested in the summary paper [5]. However, for configured grant, the time instance of grant arrival is related to the time instance of corresponding data on corresponding logical channels and hence is hidden to the PHY layer. As a result, it is hard to define such a timeline in RAN1. Even if the time instance is visible to the PHY layer, there are several problems before we define such a timeline. Firstly, the UE behavior in the MAC layer is unclear. After the UE receives the first grant in the MAC layer, whether it would make LCP procedure immediately or wait another grant for potential grant selection. Also, if the grant is already handled and the MAC PDU is assembled, then upon the arrival of another grant, whether the MAC layer can disassemble the MAC PDU can return the data back to the logical channels? These questions are unclear and usually left as UE implementation. Then how can we define such a timeline which is tightly related to the UE behavior in the MAC layer. 
Observation 2: Considering the data arrival is invisible at the PHY layer and the UE behaviour of handling a UL grant is unclear and complex in the MAC layer, it is better not to define a minimum processing time and timeline for grant selection, but leave it simply as UE implementation. 


Figure 1 Possible timeline for grant selection
Thirdly, some companies propose to introduce priority indication in UL grant to facilitate the grant selection in the MAC layer. Currently, there is no strong motivation to distinguish URLLC services with different latency and reliability requirements, and it would increase the DCI payload size by adding a multi-bit priority indictor. Hence the priority indication can be simply deemed as the service identification and determined in some implicit manners, e.g., according to the scrambled RNTI [6]. Moreover, this service identification is designed to enable prioritization and/or multiplexing in the PHY layer, specifically the UCI multiplexing in Scenario 4 and 5. How to link it with grant selection and subsequent LCP procedure is unclear. For example, the selected PUSCH with higher priority may be of long duration and hence unable to bear the URLLC data on logical channels which cannot map on a PUSCH with such a long duration. Considering the grant selection is tightly related to the LCP in the MAC layer, it is not suggested to re-use the priority indication in PHY layer for grant selection in the MAC layer directly unless the corresponding modifications on LCP are accepted and accomplished.
Observation 3: There is no need to bundle the priority indication in PHY layer with the grant selection in the MAC layer. 
Fourthly, some companies propose to always let the PHY layer decide which PUSCH to transmit. That is, the MAC layer would always assemble two MAC PDUs and send them both to the PHY layer even if the time would be enough for grant selection in MAC. The difference between grant selection in the MAC layer and the PUSCH dropping in the PHY layer is whether the data of the dropped grant/PSUHC is located in and subsequently in which manner these data can be transmitted. For grant selection, the data remains on the logical channels and can be transmitted on any suitable PUSCHs. However, for PUSCH dropping, the data are in the HARQ buffer, and could only be transmitted through retransmission PUSCH. Then if the configured PUSCH would be dropped in PHY, then the data would lose its transmission opportunity since the next GF occasion belongs to the next period and hence corresponds to another HARQ process. Meanwhile, the gNB is not aware of this configured PUSCH and would not schedule a GB PUSCH to enable the retransmission. Therefore, it is better to first try to make a grant selection in the MAC layer and then output a clean transmission solution to avoid PUSCH dropping.
Observation 4: Performing the grant selection in the MAC layer if time permits first could avoid missing transmission opportunity in the PHY layer due to PUSCH dropping and HARQ operation. 
However, in some cases, the available UE processing time does not permit performing the grant selection in MAC, then the prioritization/drop process is necessary in the PHY layer. On the one hand, MAC layer can decide whether the later grant would be handled. For example, if the later grant would bear data with higher priority than the earlier grant, this grant would be handled and the corresponding MAC PDU would be sent to the PHY layer; otherwise, the grant can be skipped. In a consequence, the PHY layer can prioritize the PUSCH with MAC PDU sent later simply. On the other hand, if the MAC layer is not smart enough and would handle the later grant always, then some extra information could be used for the PUSCH prioritization/dropping in the PHY layer. For instance, if the PHY layer is aware of which logical channels the data on a PUSCH come from, then the PUSCH linked with data of higher priority should be prioritized. Alternatively, the UE can simply prioritize one PUSCH according to the PUSCH duration, the MCS or even the priority indication if introduced in UL grant and GF configuration. Finally, if all these factors are the same for GB PUSCH and GF PUSCH, the GF PUSCH should be selected since the GB PUSCH can get a retransmission scheduling flexibly.
Observation 5: If the processing time is not enough for grant selection in the MAC layer, the following two options could be considered for PUSCH prioritization/dropping in the PHY layer
· Follow the indication from the MAC layer, e.g., the PUSCH with the MAC PDU received later is prioritized, or the PUSCH linked to data of higher priority is prioritized; or
· Prioritize according to the PHY layer characteristics, including the PUSCH duration, the MCS, and the priority indicator. 
To sum up, the following proposals are presented to solve the resource collision between dynamic grant and configured grant.
[bookmark: _Ref968765]Proposal 1: For dynamic PUSCH overlapping with configured PUSCH, it is preferable that the MAC layer performs grant selection when the processing time permits
· The grant capable to bear data on logical channels with the highest priority should be selected;
· The grant with smaller effective coding rate is selected if both PUSCHs are capable to bear the data with highest priority;
· The dynamic grant is selected if both PUSCHs are capable to bear the data with highest priority and meanwhile have the same effective coding rate.
Proposal 2: For dynamic PUSCH overlapping with configured PUSCH, perform PUSCH prioritization/dropping in the PHY layer if two MAC PDUs are both received from the MAC layer by using the following options
· Opt1: The PUSCH with the MAC PDU received later is prioritized;
·  Opt2: The PUSCH linked to data of higher priority is prioritized;
· Opt3: The PUSCH with shorter duration and/or lower MCS is prioritized;
· Opt4: The PUSCH with higher priority if priority indicator is adopted is prioritized.
Collision among multiple configured grants
Basically, the principles for grant selection and PUSCH prioritization discussed in section 2 could also be applicable for the case when one configured grant overlaps with another configured grant. For example, if the MAC PDU has not been assembled, MAC layer can perform configured grant selection based on the priority of the associated with LCH(s). Otherwise, the PUSCH on configured grant associated LCH(s) with higher priority should be transmitted. If the overlapped configured grants are associated with LCH(s) with the same priority, grant selection or PUSCH prioritization can be based on resource configuration of the configured grants, e.g., the grant with lower effective coding rate can be selected.
Conclusion
In this contribution, we provide our views on the design of the intra-UE UL&DL multiplexing of eMBB and URLLC. We have the following observations and proposals:
Observation 1: When both configured grant and dynamic grant are capable to bear data with highest priority, 
· The grant associated with a lower MCS should be selected for guaranteeing reliability; 
· If these two grants have the same MCS, the dynamic grant should be selected to avoid potential interference from other GF UEs.
[bookmark: _GoBack]Observation 2: Considering the data arrival is invisible at the PHY layer and the UE behaviour of handling a UL grant is unclear and complex in the MAC layer, it is better not to define a minimum processing time and timeline for grant selection, but leave it simply as UE implementation.
Observation 3: There is no need to bundle the priority indication in PHY layer with the grant selection in the MAC layer.
Observation 4: Performing the grant selection in the MAC layer if time permits first could avoid missing transmission opportunity in the PHY layer due to PUSCH dropping and HARQ operation.
Observation 5: If the processing time is not enough for grant selection in the MAC layer, the following two options could be considered for PUSCH prioritization/dropping in the PHY layer
· Follow the indication from the MAC layer, e.g., the PUSCH with the MAC PDU received later is prioritized, or the PUSCH linked to data of higher priority is prioritized; or
· Prioritize according to the PHY layer characteristics, including the PUSCH duration, the MCS, and the priority indicator. 

Proposal 1: For dynamic PUSCH overlapping with configured PUSCH, it is preferable that the MAC layer performs grant selection when the processing time permits
· The grant capable to bear data on logical channels with the highest priority should be selected;
· The grant with smaller effective coding rate is selected if both PUSCHs are capable to bear the data with highest priority;
· The dynamic grant is selected if both PUSCHs are capable to bear the data with highest priority and meanwhile have the same effective coding rate.
Proposal 2: For dynamic PUSCH overlapping with configured PUSCH, perform PUSCH prioritization/dropping in the PHY layer if two MAC PDUs are both received from the MAC layer by using the following options
· Opt1: The PUSCH with the MAC PDU received later is prioritized;
·  Opt2: The PUSCH linked to data of higher priority is prioritized;
· Opt3: The PUSCH with shorter duration and/or lower MCS is prioritized;
· Opt4: The PUSCH with higher priority if priority indicator is adopted is prioritized.
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