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Introduction
[bookmark: _Ref129681832]In TSG-RAN#81 plenary meeting [1], the updated SID on NR industrial internet of things was approved with one of the objectives as below:
b) [bookmark: _Hlk523733459]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.
The contribution mainly provides our views on the RAN1 impacts from UL intra-UE prioritization and multiplexing, mainly focuses on data multiplexing.
Discussion 
Multiplexing between grant based eMBB and URLLC: Out of order HARQ
TS 38.214 [2] has the following description:
“A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i.”
According the technical specification above, if the HARQ ID 0 in Figure 1 is scheduled for eMBB traffic and the URLLC traffic arrives after the eMBB traffic using HARQ_ID 0, URLLC traffic with HARQ ID 1 has to be transmitted after PUSCH for eMBB, however the duration of eMBB PUSCH will be probably up to 1ms which may be beyond the latency boundary of URLLC packet, thus it may be not tolerable for URLLC traffic. 
In order to avoid introducing additional UE processing capability and additional UE implementation complexity, eMBB PUSCH can be dropped.
 
Figure 1. Out-of-Order HARQ for PUSCH
Based on above discussion, the HARQ/scheduling limitation should be removed from the UE having URLLC and eMBB traffic.
Proposal 1: The scheduling/HARQ redundant enhancement for grant-based PUSCH should be considered in Rel-16 URLLC. The UE behavior would be defined as follows:
· For any two HARQ processes A and B for a given UE, if the scheduling DCI for eMBB PUSCH in HARQ process A comes before (in time) the scheduling DCI for URLLC PUSCH in HARQ process B, then for the Rel-16 UE capability
· UE should drop the eMBB PUSCH if it is scheduled such that URLLC PUSCH in HARQ process B is before the eMBB PUSCH in HARQ process A.
Grant based and grant free intra-UE multiplexing 
In Rel-15, GB PUSCH is prioritized over GF PUSCH in the MAC layer process. That is, for a configured grant which is activated and to be processed, if the configured grant collides with a dynamic grant, then the MAC entity will not process the configured grant, e.g., drop the configured grant or postpone it until the end of dynamic PUSCH transmission. Herein, the collision of two grants means that the PUSCHs linked to these two grants overlap in time. This agreement follows the usual priority rule of scheduled transmission prioritized over configured transmission, but is actually unfriendly to URLLC UL transmission. Note that, in many cases GF PUSCH may be more suitable and/or required to carry URLLC data to achieve URLLC stringent latency requirement, as GB PUSCH may violate the maxPUSCH-Duration restriction of logical channels bearing URLLC data because of time spending on UL granting procedure. In a consequence, deprioritizing GF PUSCH when overlapping with GB PUSCH will incur extra latency for URLLC data transmission in Figure 2. Moreover, if the time permits, GB PUSCH with short duration and small MCS requiring large BW may be used to carry the potential URLLC data. However, this unavoidably results in inefficient resource utilization for eMBB transmission which normally uses GB PUSCH. As a result, prioritizing GB PUSCH over GF PUSCH is not a preferable method.

[bookmark: _Ref513126121]Figure 2. Illustration of slot-based GB PUSCH overlaps with mini-slot-based GF PUSCH
During previous meetings, many companies also proposed that GF PUSCH should have higher priority to guarantee the transmission of URLLC data. However, even if this choice secures the URLLC service, it does result in poor resource utilization for the eMBB. The GF PUSCH resources will be densely deployed and, hence, always choosing GF PUSCH may severely affect the eMBB transmission, especially when there are no URLLC data to send. Following this choice, even if there is no URLLC data to be sent on GF PUSCH, the GB PUSCH for eMBB data transmission is still prohibited. The only option would be to use the GF PUSCH for the eMBB, but these resources are preconfigured for the characteristics of URLLC. The different target BLER settings may result in an over-protection of transmission reliability and, hence, into a very low spectrum utilization. 
Observation 1: When a UE is configured with GF URLLC traffic and grant based eMBB traffic, a semi-static prioritization of GF PUSCH over GB PUSCH would result in very poor eMBB resource utilization, or potentially even block the eMBB traffic.
To sum up, it is inappropriate to simply define a priority between GB PUSCH and GF PUSCH, or equally between a configured grant and a dynamic grant, when they are overlapping. In some cases it is better to have a GF transmission prioritized while in some other cases it is better with GB. The best choice is that the UE can dynamically determine whether to use a GF or GB PUSCH transmission, depending on which kind of data are waiting for transmission and whether GB PUSCH could well accommodate the URLLC data. 
Generally speaking, the determination whether to use GB or GF transmission should be made in the MAC layer since the PHY layer is unaware of the data type arrival. In some cases, the URLLC data arrive before the GB PUSCH, and the MAC layer has enough time to select GB PUSCH or GF PUSCH for data mapping. For example, as shown in Figure 3(a), the MAC layer should choose GF PUSCH if GB PUSCH is slot-based which is inappropriate for the latency-sensitive URLLC transmission. By contrast, the MAC layer can also choose GB PUSCH to transmit URLLC data if there is enough BW for the GB PUSCH to be scheduled with with short duration and low MCS to guarantee a reliable transmission, as shown in Figure 3(b).

(a) URLLC data arrives before GB PUSCH which is slot-based

(b) URLLC data arrives before GB PUSCH and GB PUSCH has the same duration with GF PUSCH
[bookmark: _Ref513126136]Figure 3. MAC layer determination rule for UL multiplexing between GB PUSCH and GF PUSCH
Observation 2: When GB PUSCH and GF PUSCH overlap in time, the MAC layer would select only one PUSCH to process if the processing time permits,
· The GB PUSCH would be selected if URLLC data do not arrive or if duration of GB PUSCH is not larger than the duration of GF PUSCH.
In other cases, URLLC data arrive during the GB PUSCH, or close to the forthcoming GB PUSCH and hence leaves insufficient time for MAC PDCU re-assembling. That is, URLLC data can only be mapped onto GF PUSCH. Then, the UE could choose to postpone the URLLC data transmission until the end of GB PUSCH or interrupt the ongoing GB PUSCH and turn to transmit URLLC data on the earliest feasible GF PUSCH resource. For latency reduction, the latter one is preferable, and this choice also coincides with the rule used for the case that GB PUSCH overlaps with GB PUSCH in the sense that the later activated grant overrides the earlier one. Note that in order to achieve this, RAN2 should relax the limitation that GF PUSCH can only be activated when it does not overlap with any GB PUSCH.

Figure 4. URLLC data arrives during the transmission GB PUSCH
Observation 3: When URLLC data arrive during the logical channel prioritization process or during the transmission of a GB PUSCH, UE should interrupt the GB PUSCH and transmit URLLC data on the earliest feasible GF PUSCH resource.
As another alternative, the MAC layer can just process GB PUSCH and GF PUSCH with equal priority and a selection process is performed in the PHY layer. For example, the MAC layer would process each UL Grant, no matter whether a dynamic grant or a configured grant, sequentially. Then a GB PUSCH is processed, including logical channel selection, logical channel prioritization and data assembly, upon receiving the dynamic grant from the PHY layer if no other grant is processed. A GF PUSCH is processed if it is activated by a new arrival of URLLC data, no matter whether the GF PUSCH resource overlaps with a scheduled GB PUSCH or not.
Then if both GB PUSCH and GF PUSCH processed in the MAC layer with the respective MAC PDUs are sent to the PHY layer, the PHY layer must select only one channel for transmission since simultaneous transmission is not supported. For simplicity, the selection may be based on the channel types, e.g., GF PUSCH over GB, to guarantee the reliability of URLLC data.
Observation 4: If grant selection function between GB PUSCH and GF PUSCH is not executed in the MAC layer process, the PHY layer shall support the selection process when collision occurs.
To sum up, it is suggested for RAN2 to remove the prioritization of GB PUSCH over GF PUSCH, and further study the possibility of dynamic grant selection for URLLC data transmission. 
Proposal 2: It is suggested for RAN2 to remove the prioritization of GB PUSCH over GF PUSCH in the MAC layer process for Rel-16 URLLC, based on which
· Study the grant selection for URLLC data transmission in the MAC layer by considering the data type, the processing time and characteristic of each grant, or
· Define the priority rule in the PHY layer when GB PUSCH and GF PUSCH are both activated and overlapped in time.  
Conclusion
In this contribution, we provide our views on the design of the intra-UE UL multiplexing of eMBB and URLLC, mainly focuses on data multiplexing. Based on the above discussion, we have the following observations and proposals:
Observation 1: When a UE is configured with GF URLLC traffic and grant based eMBB traffic, a semi-static prioritization of GF PUSCH over GB PUSCH would result in very poor eMBB resource utilization, or potentially even block the eMBB traffic.
Observation 2: When GB PUSCH and GF PUSCH overlap in time, the MAC layer would select only one PUSCH to process if the processing time permits,
· The GB PUSCH would be selected if URLLC data do not arrive or if duration of GB PUSCH is not larger than the duration of GF PUSCH.
Observation 3: When URLLC data arrive during the logical channel prioritization process or during the transmission of a GB PUSCH, UE should interrupt the GB PUSCH and transmit URLLC data on the earliest feasible GF PUSCH resource.
Observation 4: If grant selection function between GB PUSCH and GF PUSCH is not executed in the MAC layer process, the PHY layer shall support the selection process when collision occurs.

Proposal 1: The scheduling/HARQ redundant enhancement for grant-based PUSCH should be considered in Rel-16 URLLC. The UE behavior would be defined as follows:
· For any two HARQ processes A and B for a given UE, if the scheduling DCI for eMBB PUSCH in HARQ process A comes before (in time) the scheduling DCI for URLLC PUSCH in HARQ process B, then for the Rel-16 UE capability
· UE should drop the eMBB PUSCH if it is scheduled such that URLLC PUSCH in HARQ process B is before the eMBB PUSCH in HARQ process A.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 2: It is suggested for RAN2 to remove the prioritization of GB PUSCH over GF PUSCH in the MAC layer process for Rel-16 URLLC, based on which
· Study the grant selection for URLLC data transmission in the MAC layer by considering the data type, the processing time and characteristic of each grant, or
· Define the priority rule in the PHY layer when GB PUSCH and GF PUSCH are both activated and overlapped in time.  
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