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Introduction
At RAN #78, the scope for URLLC work in Rel-15 was endorsed in [1] and the following was agreed to be included
· Study and specify if gains are identified
· Handle UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption) 
In RAN1 #92bis, the following were agreed for UL multiplexing techniques in [2]
· There is no concensus in Rel-15 to support handling inter-UE UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption)
[bookmark: _Ref129681832]Thus, inter-UE multiplexing between eMBB and URLLC will not be further discussed in Rel-15. However, intra-UE uplink multiplexing is still within the scope and should be discussed further.
A typical performance requirement for URLLC is a successful transmission rate of 99.999% within 1ms latency. Due to such high requirements, the resources allocated to URLLC packets are preferably much shorter in time domain and wider in frequency domain than those needed for eMBB packets.
URLLC traffic could be periodic and/or sporadic. The occurrence of periodic URLLC data is predictable. Using dedicated wide-band resources to support periodic URLLC traffic is an efficient manner. What is more difficult is how to efficiently meet the stringent requirements for the sporadic URLLC traffic which usually is unpredictable in its occurrence. Reserving wide-band resources in each millisecond to facilitate the potential transmission of sporadic URLLC traffic would cause a considerable waste. Therefore, at least for sporadic URLLC traffic, multiplexing of eMBB and URLLC needs to be considered.
In this contribution, we discuss UL multiplexing from intra-UE (eMBB and URLLC traffics originate from same UE) perspective.
Intra-UE multiplexing
Multiplexing between grant based eMBB and URLLC
Intra-UE multiplexing means that a user has an on-going eMBB UL transmission when a URLLC UL transmission arrives in its buffer. For grant-based URLLC, the UE would then send a scheduling request for URLLC transmission to gNB. If gNB assumes that the URLLC data can be transmitted on the on-going eMBB PUSCH, the gNB will not send a new grant to the UE. Otherwise, the gNB sends an UL grant for the URLLC transmission on condition that eMBB PUSCH is not able to carry the URLLC transmission. Then the UE should follow the latter grant, with the URLLC data transmitted on the resource allocated to itself. 
One principle should be that URLLC traffic has a higher priority than eMBB. If some eMBB resources shall be re-used for the URLLC transmission, then it needs to be studied and specified how to operate the overlapping transmissions, e.g., the URLLC transmission could puncture or be superposed with the eMBB transmission. 
Puncturing is a simple alternative and requires limited standardization efforts. On the other hand, superposition can provide additional throughput improvement compared with puncturing. Especially, in the intra-UE multiplexing case, two signals superposed together originate from a single source. Therefore, the RS can be shared between them. 
Grant based and grant free intra-UE multiplexing 
With respect to the GB PUSCH and GF PUSCH multiplexing case, RAN2 has made the agreement that GB PUSCH is prioritized over GF PUSCH and hence GF PUSCH is transmitted only if it does not overlap with any GB PUSCH. The thinking behind this choice was that hopefully the gNB could be smart and hence would avoid to schedule a GB PUSCH overlapping with the GF PUSCH resource. And if scheduled GB transmissions have to overlap with a GF PUSCH, they must also be urgent and important, and hence should have a higher priority.
In our view, this results in a very poor resource utilization when grant-free and grant-based transmission are multiplexed. Firstly, even when GB PUSCH is not urgent and only for eMBB data, it would still have to be scheduled on overlapping resources with GF PUSCH. Consider as an example the Figure 1 below. The GF PUSCH is configured with a small periodicity to accommodate the low-latency requirements of the URLLC service. Then, if the UE has additionally to support an eMBB service, it will use an SR to the gNB to request an uplink transmission opportunity since the GF PUSCH resources may be inappropriate and even infeasible to bear the eMBB data. Because of the typically longer duration of the eMBB transmission, it cannot avoid to overlap multiple GF PUSCH resources. In such a case, if we choose GB PUSCH over GF PUSCH, it may be infeasible to transmit URLLC data on GB PUSCH since the time duration of GB PUSCH may violate the maxPUSCH-Duration restriction of logical channels bearing URLLC data. In a consequence, the URLLC data which would be transmitted on GF PUSCH originally may be postponed, resulting in an unaccepted transmission delay. 
Because of the typically longer duration of the eMBB transmission, it cannot avoid to overlap multiple GF PUSCH resources. Additionally, since URLLC is sporadic, gNB may not be aware of the coming URLLC data on GF in advance.  Always using mini-slot based GB makes the overhead of DMRS very high, which will also impact the performance of eMBB. And for reliability of URLLC, the data will be transmitted with low MCS, which degrades the efficiency of eMBB. Thus, a typically longer eMBB transmission should be used rather than mini-slot based eMBB transmission.


[bookmark: _Ref513126121]Figure 1 Illustration of slot-based GB PUSCH overlaps with mini-slot-based GF PUSCH
Observation 1: When a UE is configured with GF URLLC traffic and eMBB traffic, a prioritization of GB PUSCH over GF PUSCH would effectively degrade the URLLC service for the UE. 
At the last meeting, many companies have also made similar observations and hence 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 a poor resource utilization for the eMBB. The GF PUSCH resources will be densely deployed and, hence, always choosing GF PUSCH may severely impact the eMBB transmission, especially when there is no URLLC data to send. If there is no URLLC data to be sent during a GF PUSCH occasion, it may still not be possible to send the eMBB data instead. And even if eMBB data could be transmitted on GF PUSCH, the different target BLER settings may result in an over-protection of transmission reliability and, hence, into a very low spectrum utilization. 
Observation 2: When a UE is configured with GF URLLC traffic and eMBB traffic, a prioritization of GF PUSCH over GB PUSCH would result in a very poor eMBB resource utilization, or potentially even block the eMBB traffic.
For the case that URLLC data really arrives, the UE may also choose a GB PUSCH transmission to send this data. That is, the GB PUSCH may be triggered by an SR for URLLC and hence be appropriate for URLLC data transmission. In such a case, GB PUSCH is more appealing than GF PUSCH since GF PUSCH is out of gNB control and may collide with other UE.
To sum up, it is inappropriate to simply define a priority between GB PUSCH and GF PUSCH 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, according to which kinds of data are waiting for transmission and whether GB PUSCH could well accommodate the URLLC data. 
Proposal 1: When overlapping between GF PUSCH and GB PUSCH occurs, no static prioritization between GB and GF is introduced.
· RAN1 should send a LS to RAN2 to inform about the negative impact coming from the GB over GF prioritization and respectfully ask RAN2 to remove this restriction.
In the following, it is discussed whether the selection of GF and GB should be performed in the MAC or PHY layer. 
Selection in MAC layer
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. Meanwhile, if MAC should only process one PUSCH, either GB or GF, and avoid the simultaneous transmission of GB PUSCH and GF PUSCH in PHY. For example, if URLLC data arrives before the GB PUSCH or more specifically before the logical channel prioritization and data assemble process for GB PUSCH, the MAC layer should choose GF PUSCH if GB PUSCH is inappropriate for URLLC transmission, as shown in Figure 2(a). The logical channels for URLLC service may be distinguished by the parameter configuredGrantType1Allowed or by the parameter priority. As an enhancement, the MAC layer can also choose GB PUSCH to transmit URLLC data if the GB PUSCH is suitable for URLLC transmission, e.g., short and robust enough to provide low-latency and high reliability, as shown in Figure 2(b).


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


(b) URLLC data arrives before GB PUSCH and GB PUSCH has the same duration with GF PUSCH
[bookmark: _Ref513126136]Figure 2 MAC layer determination rule for UL multiplexing between GB PUSCH and GF PUSCH
Observation 3: When GB PUSCH and GF PUSCH overlap in time, the MAC layer would select only one PUSCH to process, and avoid the simultaneous transmission of GB PUSCH and GF PUSCH in the PHY layer.
· The GB PUSCH would be selected if URLLC data does not arrive or if duration of GB PUSCH is no larger than the duration of GF PUSCH.
Different from Figure 2, another case is that when URLLC data arrives, the logical channel prioritization process or the data assembling for GB PUSCH has already started. Then the MAC layer may be unable to restart the logical channel prioritization process, and hence URLLC data can only be mapped onto GF PUSCH. A similar case is that URLLC data arrives during the GB PUSCH transmission. This will probably occur when GB PUSCH is slot-based while the periodicity of GF PUSCH is shorter than one slot, as shown in Figure 3. In such a case, the UE cannot transmit URLLC data on GB PUSCH since the MAC layer cannot re-assemble the packet in time. 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 3 URLLC data arrives during the transmission GB PUSCH
Observation 4: When URLLC data arrives 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.  
Selection in PHY layer
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 are 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 currently in Rel-15. 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 5: If grant selection function between GB PUSCH and GF PUSCH cannot be added in the MAC layer process, the PHY layer should add this selection process when collision occurs. 
If RAN2 considers it difficult to revise RAN2 specification in the last meeting, it may be better to add the selection process in the PHY layer. Hence the following proposal is presented.
[bookmark: _GoBack]Proposal 2: If the prioritization of GB PUSCH and GF PUSCH is removed at MAC layer, a selection process should be added in the PHY layer when GB PUSCH and GF PUSCH are processed in the MAC layer and indicated to be transmitted on overlapping resources.
· The GF PUSCH should be selected to prioritize URLLC data transmission.  
Additionally, when PHY layer selects to transmit GF PUSCH, the transmitted data can be mapped onto part of GB PUSCH resource. Nevertheless, the scheduled GB PUSCH maybe intended for eMBB data, and hence inappropriate for URLLC data transmission. Furthermore, the MCS may be larger to achieve a high spectrum efficiency but lower transmission reliability. Similarly, the power control parameter may be inappropriate. To guarantee the transmission of URLLC data on GB PUSCH, the whole GB PUSCH must be re-constructed, leading to a wider in frequency domain but robust transmission. Firstly, for the time-frequency resource used for URLLC data transmission, several prescribed time-frequency resource blocks within the allocated resource could be used. Secondly, the other related transmission parameters, e.g., MCS, power control, DMRS selection and etc., should be defined. These parameters can be pre-configured, or simply referred from the configuration of GF PUSCH. After these procedure, the URLLC data can be reliably transmitted on the GB PUSCH resource, and further avoid the potential collision of GF PUSCH with unknown ongoing URLLC transmission from other UEs.
Conclusion
In this contribution, we provide our views on the design of the intra-UE UL multiplexing of eMBB and URLLC. We have the following observation and proposals:
Observation 1: When a UE is configured with GF URLLC traffic and eMBB traffic, a prioritization of GB PUSCH over GF PUSCH would effectively degrade the URLLC service for the UE. 
Observation 2: When a UE is configured with GF URLLC traffic and eMBB traffic, a prioritization of GF PUSCH over GB PUSCH would result in a very poor eMBB resource utilization, or potentially even block the eMBB traffic.
Observation 3: When GB PUSCH and GF PUSCH overlap in time, the MAC layer would select only one PUSCH to process, and avoid the simultaneous transmission of GB PUSCH and GF PUSCH in the PHY layer.
· The GB PUSCH would be selected if URLLC data does not arrive or if duration of GB PUSCH is no larger than the duration of GF PUSCH. 
Observation 4: When URLLC data arrives 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 5: If grant selection function between GB PUSCH and GF PUSCH cannot be added in the MAC layer process, the PHY layer should add this selection process when collision occurs. 

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: When overlapping between GF PUSCH and GB PUSCH occurs, no static prioritization between GB and GF is introduced.
· RAN1 should send a LS to RAN2 to inform about the negative impact coming from the GB over GF prioritization and respectfully ask RAN2 to remove this restriction.
Proposal 2: If the prioritization of GB PUSCH and GF PUSCH is removed at MAC layer, a selection process should be added in the PHY layer when GB PUSCH and GF PUSCH are processed in the MAC layer and indicated to be transmitted on overlapping resources.
· The GF PUSCH should be selected to prioritize URLLC data transmission.
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