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Introduction
During the SI phase, dynamic resource sharing between URLLC and eMBB was discussed in the context of NR URLLC support and the following agreement was reached by companies in RAN1#86 [1].
	· At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective
· FFS: A similar or same mechanism applicability to UL
· Preemption or superposition
· Other schemes are not precluded 
· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Other mechanisms are not precluded



Some mechanism(s) was agreed to be defined to support multiplexing of different transmissions in downlink whereas support for uplink was FFS. Since RAN1#86, a preemption indication signal has been specified in NR for DL multiplexing with different transmission durations. Yet it is still undecided whether “a similar or same mechanism” is applicable to uplink or not. 
The need for UL resource sharing between URLLC and eMBB has been raised by some companies recently [2]. In this contribution we present our views on the issues related to UL multiplexing of URLLC and eMBB transmissions and discuss potential solutions.
Discussion
The URLLC targets a BLER of 10-5 for a packet of size 32 bytes within 1 ms of RTT. High reliability and latency goals are likely to require allocation of wide frequency resources and short time resources (e.g., mini-slot level). Since there is no actual URLLC deployments, the traffic pattern is unknown altough it is expected to be sporadic and possibly periodic. 
URLLC UL transmissions can be realized on either semi-statically configured or dynamically granted resources. Semi-static configurations pre-allocate certain resources for URLLC even though they may not be utilized at any given time. It makes sense for the network to re-allocate some of those UL resources for eMBB UE(s) for spectral efficiency. If dynamic UL grant for a URLLC UE schedules compact mini-slots across a wide frequency allocation, spectral efficiency can similarly be improved when one or more eMBB UEs are granted to share some of those resources with URLLC UE. Otherwise, spectral efficiency will be low in either scenario unless resources are shared between a URLLC UE and eMBB UE(s) opportunistically. 
Observation 1: Spectral efficiency can be improved if dynamic resource sharing is supported in uplink between URLLC and eMBB.

Dynamic sharing of resources can be supported in uplink by means of different mechanisms. One possible method is to allow regulated/controlled collisions. This can be accomplished by network by allowing resource sharing only between a non-cell-edge URLLC UE and cell-edge eMBB UE(s). Power boosting can be used for non-cell-edge URLLC UE with minimal impact on inter-cell interference. Reduced tx power and/or lower MCS index can be used for eMBB UE(s) on the shared resources. Any non-orthogonal multi-access schemes (e.g., NOMA) together with advanced gNB receivers can be applied to ensure high URLLC reliability targets. 
A second potential mechanism is multiplexing URLLC and eMBB transmissions along with a suspension command for eMBB. This can be realized with some notification signal from gNB to eMBB UE to suspend or cancel its transmission on the preempted resources. Such gNB notification can be specified to be either a special common indication signal or a UE-specific re-scheduling /cancellation signal. Since no extreme collisions should be allowed between eMBB and URLLC, this approach is unlikely to be feasible with semi-statically configured URLLC grants (i.e., grant-free UL).
A third possible mechanism can be re-scheduling eMBB when URLLC UE is granted some of the same resources. Re-scheduling of eMBB UE can be on a different subband or slot, or on the same slot/subband with type-B time-domain assignment via DCI.
Observation 2: Dynamic resource sharing in uplink NR can consider various mechanisms, such as regulated collisions, multiplexing with a suspension signal, or flexible scheduling.

On the implications of UL multiplexing
Dynamically shared UL resources between URLLC and eMBB can improve spectral efficiency. However, dynamic resource sharing can be achieved either with or without symbol-level multiplexing of different transmissions. When same resources are assigned to different transmissions with different service priorities, it is important that spectral efficiency should be improved only as long as the reliable reception of the higher priority URLLC transmission is not jeopardized. 

Let’s say that some resources that were allocated to an eMBB UE are more recently re-assigned to a URLLC UE in uplink. All of the following 3 examples below provide some spectral efficiency with different implications on URLLC reliability. 

· Network sends a suspending indication to eMBB only for the symbols that are soon to be preempted.
· Network sends a new scheduling grant to eMBB UE and assigns a type-B time-domain allocation in the same slot.
· Network re-configures eMBB transmission power to a reduced value such that URLLC transmission can be received reliably.

An indication signal has been specified in RAN1 for DL preemption to increase resource efficiency. However in UL, network implementation may already help achieve similar efficiency rather than specifying another indication signal. Decoding of the preempted data is performed by power-limited UEs in a downlink transmission whereas gNB decoding performance can be sufficient in uplink. In addition DL resources are granted dynamically whereas UL resource assignments can be either dynamically granted or semi-statically configured. Another difference between DL preemption and UL multiplexing is related to indication timing. The solution in DL preemption works by notifying the victim eMBB UE after the preemption actually occurs. A possible indication signal for UL multiplexing on the other hand would only be applicable if the signaling from gNB is received, decoded, and processed before the actual preemption begins. Such timing restriction may not be feasible for all eMBB UEs in the network. In that case, some alternative solutions by network implementation will need to be considered anyways. Another very important difference between DL preemption and UL multiplexing is related to miss detection of the indication signal. It is essential to maintain the reliability and latency requirements of the higher-priority URLLC service. A miss detection of a DL preemption indication does not cause a service disruption for the high-priority URLLC UE sharing the same resources whereas a miss detection of any such indication signaling for UL multiplexing may disrupt both reliability and latency of URLLC UE. In conclusion the applicability of the same solution for DL preemption is not straightforward to UL multiplexing. 

Observation 3: The implications of a preemption scenario in DL are different from a preemption scenario in UL, therefore mechanisms specified for DL preemption cannot be applied to UL multiplexing straightforwardly.

If URLLC resources are configured semi-statically (i.e., grant-free), multiplexing of UL transmissions from different UEs is difficult to achieve. UL multiplexing relies on gNB’s knowledge of which uplink symbols are about to be preempted. If gNB cannot determine in advance which of the configured URLLC resources are going to be used, multiplexing eMBB and URLLC transmissions in a slot cannot be realized. On the other hand, other resource sharing methods that allow some amounts of collisions with minor impact to URLLC reliability can be applied in case of configured URLLC resources. As a simple example, eMBB UE can always be allowed to transmit with reduced power independently of whether the configured resources will be utilized by URLLC or not. If URLLC UE transmits PUSCH on a configured resource, it is true that gNB may occasionally fail to decode the received URLLC data transmission as a result of the interference from eMBB transmission (note that the first HARQ re-transmission of an initial grant-free URLC transmission can be sent reliably as it is always scheduled on dynamic grants in NR and gNB will be aware of the re-transmission schedule). As long as a high percentage of initial transmissions are decodable at gNB, URLLC reliability will not be impacted in a meaningful way. On the contrary, a multiplexing scheme between URLLC and eMBB that relies on some type of suspending indication will not be helpful on semi-statically configured URLLC resources. 

Since URLLC is a new type of service, it is still unclear which type of UL resource allocation grants will be more frequently used. It may be the case that semi-static resource configurations become more popular for URLLC services (e.g., especially if periodic traffic patterns are common). In that case an UL multiplexing solution that supports both types of resource allocation grants can provide better resource efficiency in NR.

Observation 4: UL multiplexing of eMBB and URLLC transmissions with an indication signal has no applicability for configured URLLC grants (i.e., grant-free).
Observation 5: Supporting UL multiplexing of different services for only dynamically granted URLLC resources will be insufficient from resource efficiency perspective for periodic URLLC traffic patterns.
UL multiplexing of transmissions from UEs with different reliability requirements
One of the scenarios for UL multiplexing is when eMBB and URLLC transmissions belong to different UEs. Three different potential solutions can be considered here: 1) Suspend eMBB transmission via an indication signal, 2) Allow acceptable amounts of controlled collisions, 3) Avoid collisions dynamically by scheduling. 

In the following we compare/contrast these 3 options.

Whether an indication signaling is a feasible option depends on a few points. After a scheduling request is received for URLLC, gNB has to first determine that a preemption is about to happen, notify the victim eMBB UE(s) via indication, and then the eMBB UE has to decode/process the indication and suspend its UL transmission on the indicated symbols which were previously assigned to itself. All of these steps need to happen in a very short time duration. In NR, gNB sends scheduling grants K2 slots prior to the scheduled resources, which is a parameter associated with UE processing capability. It is very unlikely that all eMBB UEs in the network will be able to support such strict timing requirement for the indication, which clearly has to be smaller than K2. See figure below.
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[bookmark: _Ref498684562]Figure 1: An indication signal could only be transmitted by gNB and processed by eMBB UE in a time window between the reception of SR for URLLC and transmission of scheduled PUSCH for eMBB

Timing requirements aside, another issue is the miss detection of such a suspending indication. Even if a UE is capable of processing an indication signal in time, there is always a probability that a miss detection may occur. In that case, eMBB transmission will collide with URLLC. Considering that URLLC assignments are expected to be on wide frequency resources, multiple eMBB UEs can be expected to be granted some of those resources. With more eMBB UEs, the overall probability of miss detection will increase. 

Multiplexing of transmissions in UL is very different from the DL case. If an eMBB UE cannot process such an UL indication signal in time, high-priority URLLC reliability may not be achieved. Contrary to relying on a suspending indication, the other 2 mechanisms for UL multiplexing can achieve more consistently the reliability target of URLLC.

Observation 6: The use of suspending indication for UL multiplexing would trade URLLC reliability for more granular resource assignments at the expense of higher eMBB UE processing requirements.

Also such indication signalling would require mini-slot level monitoring periodicity for eMBB UEs which causes higher power consumption. It may also cause more blind decoding attempts if an additional DCI or search space is required to be monitored. Another limitation is related to TDD slots wherein only some of the symbols can be used to either transmit or receive. Such restriction may complicate the transmission and reception of an indication signal if the SR from URLLC UE is transmitted in the same slot where eMBB transmission occurs.

All of the above points can also be considered for the semi-statically configured UL URLLC grants (i.e., grant-free). In that scenario, it is clear to see that gNB cannot successfully infer whether a given URLLC resource will be utilized based on the use of configured resources with repetition, therefore a suspending indication signal could potentially be more harmful than useful to eMBB UEs. We propose the following:
Proposal 1: No new mechanism or signaling is introduced for UL multiplexing of different transmissions if URLLC resources are configured semi-statically (i.e., grant-free UL resources)


Alternatively, gNB can use power control and non-orthogonal schemes to allow harmless collisions between eMBB and URLLC transmissions as long as the higher priority URLLC transmission is maintained to be decodable at gNB. Resource sharing can be granted by network implementation opportunistically depending on the URLLC and eMBB UE positions in the cell. The same resources can be assigned more frequently between a non-cell-edge URLLC UE and cell-edge eMBB UE rather than the opposite case. 

Another option is to re-schedule eMBB UE to different resources. Flexible scheduling decisions by gNB can avoid collisions between URLLC and eMBB after an SR is received from URLLC. The new scheduling grant can be signaled to eMBB UE by a scheduling DCI, with which the UE is already configured to monitor. A re-scheduling command can be given to eMBB UE on either different or similar resources. For example, different RBs or a different slot can be allocated. A type-B time allocation can also be granted by gNB if the same slot and RBs are preferable for the eMBB transmission. See the figure below.
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Figure 2: eMBB transmission can be re-scheduled to different resources to avoid collision

Flexible scheduling option can be considered for two different scenarios. In one case URLLC SR arrives at gNB at least one slot prior to the scheduled eMBB slot. The eMBB UE can receive new scheduling grant via a scheduling DCI which is already monitored. In another case URLLC SR may arrive at gNB in less than one slot before the eMBB transmission. The network implementation can determine the most suitable option here. Reduced power command can be signaled to eMBB UE if applicable. If not, URLLC UE can be granted higher tx power. Otherwise, resource sharing may not be used between eMBB and URRLC to guarantee URLLC reliability. 

[bookmark: _GoBack]In summary it is necessary in our view to consider/study these mechanisms in details. We propose the following:

Proposal 2: Advantages and drawbacks of the following mechanisms should be studied/evaluated for UL resource sharing between a dynamically granted URLLC UE and an eMBB UE:
· Controlled/reduced collision schemes (e.g., including power control, non-orthogonal multi-access)
· Flexible scheduling (e.g., including re-scheduling eMBB to similar or different resources)

UL multiplexing of eMBB and URLLC transmissions by the same UE
Another scenario for UL multiplexing is when a UE receives a URLLC grant on the same resources where an eMBB transmission is scheduled to be transmitted by the same UE. It may be beneficial to prioritize latency sensitive URLLC service on those resources. Alternatively puncturing is another potential option from physical layer perspective. However, prioritization rules should be handled by higher layers. 

In one case URLLC transmission can be scheduled with a semi-static configuration (i.e., grant-free) whereas eMBB is scheduled by a dynamic grant. In this case, LCP can resolve the prioritization based on the grant type (i.e., transmission mode). In another case both URLLC and eMBB resources can be assigned by different dynamic grants. When multiple dynamic grants are received for overlapping resources, UE can prioritize the latest grant unless higher layers already passed the TB to PHY. 

Proposal 3: Higher-layer prioritization rules should avoid collisions for intra-UE eMBB and URLLC transmissions

Conclusions
We have made the following observations:

Observation 1: Spectral efficiency can be improved if dynamic resource sharing is supported in uplink between URLLC and eMBB.
Observation 2: Dynamic resource sharing in uplink NR can consider various mechanisms, such as regulated collisions, multiplexing with a suspension signal, or flexible scheduling.
Observation 3: The implications of a preemption scenario in DL are different from a preemption scenario in UL, therefore mechanisms specified for DL preemption cannot be applied to UL multiplexing straightforwardly.
Observation 4: UL multiplexing of eMBB and URLLC transmissions with an indication signal has no applicability for configured URLLC grants (i.e., grant-free).
Observation 5: Supporting UL multiplexing of different services for only dynamically granted URLLC resources will be insufficient from resource efficiency perspective for periodic URLLC traffic patterns.
Observation 6: The use of suspending indication for UL multiplexing would trade URLLC reliability for more granular resource assignments at the expense of higher eMBB UE processing requirements.

We have made the following proposals:

Proposal 1: No new mechanism or signaling is introduced for UL multiplexing of different transmissions if URLLC resources are configured semi-statically (i.e., grant-free UL resources)
Proposal 2: Advantages and drawbacks of the following mechanisms should be studied/evaluated for UL resource sharing between a dynamically granted URLLC UE and an eMBB UE:
· Controlled/reduced collision schemes (e.g., including power control, non-orthogonal multi-access)
· Flexible scheduling (e.g., including re-scheduling eMBB to similar or different resources)
Proposal 3: Higher-layer prioritization rules should avoid collisions for intra-UE eMBB and URLLC transmissions
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