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1 Introduction
5G NR supports multiplexing the transmissions of different priorities in the DL. This multiplexing may give rise to resource overlap situations when the gNB may need to serve a transmission with high priority over the resources scheduled for a lower priority transmission. In the DL, the gNB is allowed to do preemption of an ongoing traffic for a high priority traffic. 3GPP has already standardized the mechanism to inform the UEs about the preemption event so as to recover as much as possible their data. 
3GPP Agreement for DL Preemption Indication:
A fixed payload size (excluding CRC and potential reserved bits) of the group-common DCI carrying the downlink pre-emption indication (PI), in the format of a bitmap is used to indicate preempted resources within the semi-statically configured DL reference resource
· The bitmap indicates for one or more frequency domain parts (N>=1) and/or one or more time domain parts (M>=1)
· There is no RRC configuration involved in determining the frequency or time-domain parts
· The following combinations are supported and predefined {M, N} = {14, 1}, {7, 2}
· A combination of {M,N} from this set of possible {M,N} is indicated 1bit by RRC configuration for a UE
Currently RAN1 in 3GPP is discussing how to handle the multiplexing of UL transmissions of different priorities. Handling UL multiplexing is quite different from DL multiplexing. In the DL multiplexing, the gNB is the only transmitting and decision-making entity. If it decides to prioritize URLLC traffic, it pre-empts the eMBB traffic and sends the URLLC data. As per the standardized GC pre-emption indication, this indication may be sent to configured users in one of the subsequent slots. The typical case for UL involves an eMBB UE configured to transmit on a resource and then a URLLC UE comes with a priority request to transmit and gets scheduled by the gNB on the same resource or may have been pre-configured with this resource in a grant-free manner. Now here the eMBB UE must be stopped very quickly from transmission. If it misses the indication and continues its transmission, this may seriously harm the URLLC traffic.
In the subsequent sections, we briefly discuss the need for dynamic multiplexing and then provide some proposals for effective operation of dynamic multiplexing.
2 [bookmark: _Ref129681832]Dynamic Multiplexing of UL Transmissions
2.1 Dynamic Multiplexing
NR should support different types of services having different latency requirements and priorities (e.g. URLLC and eMBB services). This has also lead NR to support different transmission durations, i.e., mini-slot or slot-based transmissions. Multiplexing of data with different priorities can be managed through two main options which are described below:
1) Semi-static multiplexing: In this mode of operation different transmissions from different priorities and probably of different durations operate on different frequency allocations. The data with different latency requirements can then be transmitted on similar or different time scales such as on slot level or mini-slot level. In case of sporadic high priority traffic, this option is not very resource efficient and leads to low spectral efficiency.  
2) Dynamic multiplexing: In this mode of operation, dynamic multiplexing of transmissions from different services within the same time and/or frequency resources are carried out. This can be implemented for example, by having some frequency zones dedicated for eMBB and URLLC and having a shared or co-existence zone where dynamic multiplexing may only be allowed in the co-existence region. Of course, the dimensioning of these regions within the available frequency needs to be done carefully taking into account the traffic patterns, the services supported and their priorities. The advantage associated with dynamic multiplexing is better resource sharing and utilization among data traffic with different latency requirements and/or priorities. However, it may happen that the gNB has scheduled all the transmission resources in next one or fewer intervals with bandwidth hungry traffic and some high priority traffic users need to be urgently serviced. In such cases, most probably the network would be obliged to schedule the high priority traffic over the pre-scheduled resources. This may lead to tricky interference situations which may on one hand make it difficult for the network to satisfy the reliability-latency requirements for high priority traffic and on the other hand, may seriously degrade the throughputs for previously scheduled traffic.
To handle the priority issues which arise due to dynamic multiplexing, there are different mechanisms which can be employed. These mechanisms are discussed in the next sections.

2.2 Suspend Indication for UL Transmission
If the gNB has to schedule a high priority uplink transmission over the resource where it has already scheduled an UL transmission for relatively low priority (in terms of reliability, latency or some other QoS), one option is to send an updated grant to formerly scheduled UE. In certain cases, this delayed grant may not be very effective, as delayed grant implies that the gNB has to schedule this transmission over a later resource which may not be readily available under certain situations. One more hurdle comes from the possibility that the high priority grant may have overlap with multiple pre-scheduled transmissions and it may not be feasible to readily assign resources to all such transmissions and indicate through delayed grant. Such shortcomings can be handled through the use of an explicit indication signaling to stop an already scheduled transmission. The gNB may later reschedule these transmissions at appropriate times.

To this end, we propose the possibility of suspend indication transmission from the gNB to the UE. On one hand, the gNB sends an UL grant to URLLC UE scheduling its UL transmission on earlier scheduled resources of an UL eMBB transmission and on the other hand, it sends a suspend indication to the eMBB UE. The suspend indication to eMBB UE informs this UE not to transmit UL data scheduled by the earlier received UL grant. It’s important to note that the UL grant for prioritized traffic is destined to URLLC UE and the suspend indication is meant for earlier scheduled eMBB UE. As both UEs may be configured to listen to DL control information in same or different CORESETs and possibly with different periodicities, the sequence of transmission for high priority UL grant and suspend indication can vary with their respective CORESETs’ configurations. Of course, the network should try to transmit both UL grant and suspend indication to their respective recipients in a timely manner so that they have time to decode this information and execute accordingly.
Proposal 1: The gNB can send a suspend indication to a UE after sending an UL grant. The suspend indication cancels the UL transmission scheduled by the formerly transmitted UL grant.
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[bookmark: _GoBack]Figure 1: Suspend Indication shows the above described scenario where two grants are sent to two UEs on different time instants (events 2 and 4 in the figure) where the transmissions have overlapping resources. The eMBB UE is sent a suspend indication to stop acting on its received grant.

2.3 Signalling Design for Suspend Indication
To be able to receive the suspend indication from the gNB, the eMBB UE should have been configured to receive such information in some CORESET. Although it could be feasible to have this suspend indication being sent in a user specific way, it makes more sense to transmit this information in a group specific manner. The reason is when URLLC UE needs to transmit in the UL direction, due to strict latency constraints, normally the gNB will assign resources which have bigger footprint in frequency so as to finish the transmission quickly in time. This implies that each single URLCC transmission may potentially interrupt scheduling decisions for multiple eMBB UEs. If suspend indication is sent in a UE specific manner, this could present as a big burden to accommodate all such UE specific suspend indications.
Proposal 2: The suspend indication is sent in a group specific manner.

The gNB can configure the eMBB UEs who are in active communication (e.g. in RRC_Connected state) to listen to this group specific suspend indication through RRC signaling. Now it would also be important to indicate which of the UEs should cancel their transmissions when suspend indication is sent among the group of users who have been configured. One simple solution could be to assign each UE in the group (configured to listen for suspend indication) one identity, like their RNTI or a shorter ID to reduce the content of the suspend signaling. If in most cases, there are one or two UEs who need to stop, this might work but if the cell has a large bandwidth and there could potentially be multiple UEs who need to stop, this could be problematic. The other drawback of putting the UE ID (or a compressed form) directly in the suspend indication signaling is the variable size of the control information (DCI) which carries this suspend signaling. Thus, this suspend DCI will have a different size for each distinct number of UEs whose IDs have been included in the DCI to suspend their transmission. This presents a serious overhead for UE blind decoding of suspend DCIs. To circumvent this, one proposal could be to send a bitmap in the suspend indication DCI. Each bit in this bitmap corresponds to a specific UE. When the network conditions and cell load are such that the gNB needs to schedule some of the eMBB UEs in the frequency zone where it also needs to schedule URLLC UEs, the gNB configures these (active) eMBB UEs to listen to suspend indication through RRC signaling. As part of RRC configuration, each of the UE configured to listen to suspend indication is also assigned a bit in the bitmap which will convey the suspend indication destined to this specific UE.
Proposal 3: The DCI carrying the suspend indication has a bitmap where each single bit carries a suspend indication for a specific UE. The UEs are configured to listen to suspend indication and are informed about their corresponding bit in the bitmap through RRC signaling.
The suspend indication in the form of a fixed size bitmap will simplify very much the blind decode requirements at eMBB UEs. In case the gNB has multiple UL carriers, it should configure separate bitmaps per carrier. Of course, this should be configurable where this suspend indication is sent, e.g. the gNB can configure two bitmaps for two carriers where some of the UEs may be configured to listen to both suspend indication of two carriers. Then it’s up to gNB to configure where these suspend indications are sent. For example, it can choose to send the suspend indication for secondary UL carrier on primary UL carrier.

In general, the eMBB UEs may not be listening to the CORESETs with a periodicity of more than a slot whereas the URLLC UEs may have such configurations frequently due to their strict latency constraints. As the purpose of the suspend indication is to make way for URLLC transmissions, it would make sense that this indication can be sent with mini-slot periodicity or in other words with periodicity faster than a slot. Their computational and power overhead can be further reduced if they are supposed to listen to suspend indication signaling only when they have received active UL grant. Thus, the UEs will try to listen and detect the suspend indication when they are configured to received suspend indication and only during the time they receive an UL grant till the time they are finished with transmitting the scheduled UL data as a result of this UL grant. This will let the suspend indication serve its service still keeping the decode burden at the UEs at minimum level.
Proposal 4: The UEs may be configured to listen to suspend indication with a periodicity of faster than slot rate. The UEs configured to listen to suspend indication are supposed to decode this indication only after having received an UL grant.

3GPP is specifying the processing timing requirements for different activities. 38.214 section 6.4 defines the processing time for UL grant and preparation of UL data (PUSCH). This processing time is denoted by N2 (in units of symbols). For suspend indication to be effective, not only it should be transmitted by the gNB in a timely manner, the target eMBB UEs should decode this indication and suspend the future or ongoing transmission in a very fast manner. One straight forward method to assign processing budget for suspend indication may be equal to the uplink grant. Although from the blind decode perspective, the computational load of suspend indication can be comparable to an UL grant, the handling of suspend indication is far simpler from UE perspective compared to UL grant. UL grant would require preparation of data according to the indicated parameters whereas UE may not need any preparation to stop ongoing transmission. This means the processing time for suspend indication can be much shorter than the UL grant processing time for any specific UE category.
Proposal 5: The processing time for suspend indication is shorter than the processing time for UL grant (PUSCH Preparation time).
3 Conclusions
In this contribution, UL multiplexing of transmissions having different reliability requirements is discussed. To handle the conflicts and overlaps, it is proposed to use updated grant and suspend indication techniques. Following proposals have been made in this contribution. 
Proposal 1: The gNB can send a suspend indication to a UE after sending an UL grant. The suspend indication cancels the UL transmission scheduled by the formerly transmitted UL grant.
Proposal 2: The suspend indication is sent in a group specific manner.
Proposal 3: The DCI carrying the suspend indication has a bitmap where each single bit carries a suspend indication for a specific UE. The UEs are configured to listen to suspend indication and are informed about their corresponding bit in the bitmap through RRC signaling.
Proposal 4: The UEs may be configured to listen to suspend indication with a periodicity of faster than slot rate. The UEs configured to listen to suspend indication are supposed to decode this indication only after having received an UL grant.
Proposal 5: The processing time for suspend indication is shorter than the processing time for UL grant (PUSCH Preparation time).
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