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1. Introduction 

According to URLLC requirements described in [1], the design targets for URLLC are as follows:
· Reliability: A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms.

· Latency: For URLLC the target for user plane latency should be 0.5ms for UL and 0.5ms for DL.

In RAN1 #92 meeting, following agreements were reached about UL multiplexing with different reliability requirements [2]:
	Agreements:

· Study the options to support dynamic resource sharing between eMBB UL and URLLC UL from different UEs (comparing with existing techniques)

· Option 1: eMBB UE cancels UL transmission when an indication is detected. Details to be discussed/clarified
· UE processing timeline for cancelation
· UE monitoring periodicity
· Group common or UE specific signalling (including the possibility to use eMBB scheduling DCI)
· reliability of indication
· Any impact due to timing advance
· Option 2: UL power control. URLLC UE transmits over the same resource with eMBB UE transmission. The transmission power for URLLC UL is boosted and/or transmission power for eMBB UL is reduced. Details need to be discussed/clarified
· Performance impact to eMBB/URLLC transmission

· How to signal the URLLC transmission power boosting
· How to signal the eMBB transmission power reduction after UL grant
· UE monitoring periodicity
· Processing timeline
· Feasibility of changing eMBB Tx power during the transmission 
· reliability of indication
· Any impact due to timing advance
· Other options including gNB receiver interference cancelation schemes are not precluded
· Aspects to be included in the study
· Processing timeline for grant-based procedure for URLLC in UL
· Applicability of the options to TDD and/or FDD can be studied
· Cases for GB-based & GF-based




In this contribution, we provide our views on UCI multiplexing with different reliability requirement and UL inter/intra-UE data multiplexing with different reliability requirements.

2. Inter-UE multiplexing with different reliability requirement
2.1. Semi-static and dynamic multiplexing 
In uplink, in order to satisfy the low latency requirement, URLLC transmission may need to be multiplexed with eMBB transmission in a BWP. In order to meet the reliability requirement of URLLC service, it is necessary to reduce the impact on URLLC transmission when multiplexing URLLC and eMBB transmissions. 

Two approaches for eMBB and URLLC multiplexing in UL can be considered. One is semi-statically resource sharing between eMBB and URLLC.  In this case, the resources are reserved for URLLC and are separately allocated from those for eMBB data. If the URLLC traffic is periodic and constant, it is efficient to reserve such resources. However, if the traffic is sporadic, resource reservation for URLLC data would result in low resource utilization. Another approach is dynamic resource sharing between eMBB and URLLC. In this case, URLLC data and eMBB data can be dynamically scheduled in the same set of resources, which in result improves the resource utilization. Therefore, dynamic multiplexing for eMBB and URLLC should be supported.
Proposal 1: Semi-static and dynamic multiplexing for eMBB and URLLC are supported.
2.2. Discussion on UL transmission cancellation
During RAN1 #92 meeting, two options were proposed for the support of dynamic multiplexing. 

· Option 1: eMBB UE cancels UL transmission when an indication is detected. 
· Option 2: UL power control. URLLC UE transmits over the same resource with eMBB UE transmission. The transmission power for URLLC UL is boosted and/or transmission power for eMBB UL is reduced. 
For option 2, one simple way is to increase the transmission power for URLLC, i.e. URLLC data is scheduled to be transmitted with higher transmission power over eMBB data. The drawback is that it can also increase the inter-cell interference and thus may reduce the system overall performance. Besides, interference from eMBB UE should also be considered during the reception of URLLC UL. To reduce the interference from eMBB UEs to URLLC transmission, option 1, i.e. eMBB UE is signaled to cancel the UL transmission, is preferred.

2.2.1. Impact of UL transmission cancellation time and TA
In case of overlapping in time between eMBB and URLLC data transmission, URLLC UL is prioritized when URLLC UL is scheduled on a resource that is allocated to eMBB UL. In this case, gNB needs to signal the affected eMBB UEs by DL control signaling, e.g. UL cancellation indication. The eMBB UEs that detected the UL cancellation indication, can stop or cancel the eMBB UL transmissions according to the indication. 
Similar to DL pre-emption indication, eMBB UE can be indicated by a UL cancellation indication to stop the collision transmission. Since the UL cancellation indication is transmitted by DL control signaling and the cancellation transmission is in the UL, UE processing time for the UL cancellation should be taken into account, i.e. UE needs a certain timeline for the processing such as UL cancellation indication decoding and UL transmission cancellation. Similar to the case of PUSCH preparation procedure time, UE minimum processing time capability should be considered.
Another issue of UL cancellation for eMBB UE is that UL timing advance (TA) may has impact on the UL cancellation. Due to the TA impact, the UL transmission that needs to be cancelled may be earlier, which results in less cancellation time for this UL transmission. 
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Figure 1: Example of UL cancellation indication and cancellation timeline for dynamic multiplexing between eMBB and URLLC
As in Figure 1, the time relationship among UL grant, UL cancellation indication and scheduled PUSCH is shown. In the figure, for eMBB UE1, K2, time offset between UL grant and scheduled PUSCH, is provided by UL grant in slot n. Due to the impact of TA, the actual processing time for PUSCH preparation, L2’, is less than K2. Meanwhile, gNB needs to ensure UE1 has sufficient time for PUSCH preparation, i.e. L2’ should be no smaller than N2. 
In slot n+K2, gNB schedules a PUSCH for URLLC UE2 on the resources that are already allocated to eMBB UE1. In order to prevent interference to URLLC UE, gNB sends an UL cancellation indication to eMBB UE1 after the UL grant is transmitted. For example, the UL cancellation indication indicates a pre-emption in slot n+K2 by an offset K3. Due to the impact of TA, the actual processing time for PUSCH cancellation, L3’, is less than K3, e.g. L3’ = K3 - TA. 
Similar to the UE processing time for PUSCH, minimum UL cancelation time can be defined in the unit of symbol. For eMBB UE1, UL cancellation needs to be done within the timeline L3, where L3 should be greater than the minimum cancellation time. In the case that eMBB traffic and URLLC traffic are multiplexed on the same resource pool, gNB may need to schedule eMBB UE to transmit UL data with tight processing time, e.g. K2 is scheduled for UE targeting at meeting the minimum requirement of processing time N2. To facilitate UL cancellation at eMBB UE, the minimum cancellation time for eMBB UE should be less than N2. If there is no sufficient cancellation time by the receiving timing of UL cancellation indication, partial eMBB UL transmission can be cancelled, which can also benefit for URLLC UL transmission.
Proposal 2: 
· Minimum UL cancellation time for eMBB UE needs to be less than N2.
· To indicate UL transmission cancellation for eMBB UE, impact of minimum UL cancelation time and TA should be taken into account.

· If there is no sufficient cancellation time between the receiving timing of UL cancellation indication the eMBB UL transmission, partial UL transmission can be cancelled.
2.2.2. UE monitoring for UL cancellation indication

Two options for monitoring the UL cancellation indication can be considered. 

The first option is that a UL cancellation indication can be transmitted using slot-level monitoring, where the CORESET for UL cancellation indication is located at the beginning of a slot. For this case, UL cancellation indication may be transmitted in the subsequent slot when UL grant is detected. If the time offset between UL grant and the scheduled PUSCH is small, there could be limited UL cancellation time for eMBB UE.

Another option is that a UL cancellation indication is transmitted using mini-slot level monitoring. For this case, the UL cancellation indication can be transmitted within the same slot where UL grant is transmitted. Therefore, it is beneficial for eMBB UE since more cancellation time can be ensured after receiving UL cancellation indication. To limit the blind decoding for UL cancellation indication, the monitoring behaviours, e.g. monitoring occasion and number for blind decoding, should be configurable.

Proposal 3: eMBB UE can be configured to monitor UL cancellation indication using slot-level or mini-slot level monitoring.
· For mini-slot level monitoring, monitoring occasion and number for blind decoding for UL cancellation indication, should be configurable.

2.2.3. Signaling approach of UL cancellation indication

Regarding the UL preemption indication transmission, there are two options.
· Option 1: Group common DCI for UL cancellation indication

· Option 2: UE-specific DCI for UL cancellation indication 

For option 1, a group common DCI carrying UL cancellation indication for a group of UEs is transmitted by gNB. The benefit of group common DCI is reduction of signaling overhead. As discussed above, minimum cancellation time and TA need to be considered when UL cancellation indication is signalled. Since there could be different TA for the group of UEs, it is necessary for gNB to ensure all the UEs in the group have the same understanding after considering their specific TA. In this case, the UE with maximum TA in the group should be satisfied, e.g. the UL cancellation indication should provide sufficient processing time for this UE. A common offset covering the maximum TA in the group can be applied.

Another issue is that there could be false indication for some of the UEs in the group whose scheduled resources are not overlapped with URLLC transmission. To handle the false indication, finer granularity for time domain and/or frequency domain indication can be considered. Besides, similar method as group common TPC signalling can be adopted, where cancellation indication for each UE is separately provided in a group common DCI.

For option 2, UL cancellation indication is signalled to the pre-empted eMBB UE by a UE-specific DCI. In this case, gNB needs only to guarantee the processing timeline for the UE receiving the cancellation indication. The drawback of option 1 is that gNB needs to send multiple UL cancellation indications to multiple UEs that are to be pre-empted. The signalling overhead used for UL cancellation indication would increase.

Proposal 4: UL cancellation indication can be indicated to eMBB UE by gNB using UE-specific DCI or group common DCI.
Proposal 5: For group common DCI for UL cancellation indication, 

· UL cancellation indication should provide sufficient processing time for UE with maximum TA in the group.

· Cancellation indication for each UE separately provided in the group common DCI can be considered.

For both options, the reliability of UL cancellation indication should be taken into account. If the cancellation indication cannot be reliably detected by eMBB UE, URLLC UL transmission may suffer from the interference from eMBB UL transmission. Therefore, low coding rate or higher aggregation level for UL cancellation indication may be needed.

Proposal 6: Low coding rate or higher aggregation level for UL cancellation indication are needed to satisfy the reliable transmission.
2.2.4. Payload size of UL cancellation indication

A UL cancellation indication needs to indicate the resources in time or frequency domain that are overlapped between eMBB UL and URLLC UL. As mentioned above, the reliability of UL cancellation indication should be sufficiently high to ensure not affecting the URLLC UL transmission. Therefore, it is important to keep as small payload size as possible for UL cancellation indication. In our companion contribution [XX], it seems a compact DCI with payload size less than 20 bits may be needed to meet URLLC requirement. Based on this observation, the payload size of UL cancellation indication should be small enough. 
Since the payload size is small, the CRC overhead for UL cancellation indication becomes prohibitive if 24-bits CRC is applied. Therefore, removal of CRC could be considered. For example, a new channel can be used to convey UL cancellation indication. The UL cancellation indication could be encoded by RM code. 
Proposal 7: Payload size of UL cancellation indication should be small.

· FFS removal of CRC for UL cancellation indication.

2.2.5. Time domain indication

The time domain resources to be cancelled need to be signaled to eMBB UE. By receiving the UL cancellation indication, eMBB UE should be able to determine the starting symbol and/or ending symbol of the cancelled resources in time domain. To determine the starting position of cancelled time resources, there are several options.
· Option 1: Signal an offset relative to UL cancellation indication 

· Option 2: Define reference time region and signal an offset relative to beginning of reference time region 
For option 1, an offset can be indicated for UE to determine the starting symbol of cancelled time resources. The offset can be symbol offset relative to UL cancellation indication. The offset candidates can be configured by RRC and the actual offset is signaled by UL cancellation indication.

For option 2, a reference UL time region is defined where the size of reference time region can be configurable or implicitly derived, e.g. based on the monitoring periodicity of UL cancellation indication. Depending on the receiving timing of UL cancellation indication, eMBB UE needs to determine the location of reference UL time region. An offset indicating the start of reference time region can be conveyed by UL cancellation indication or preconfigured by RRC signaling, which needs to take into account potential impact of TA. The start of reference time region could be aligned with the slot boundary.

Within the reference time region, the cancelled time resources are indicated by providing a symbol offset relative to beginning of reference time region. Similar to option 1, the offset candidates can be configured by RRC and the actual offset is signaled by UL cancellation indication.
Proposal 8: For the time domain indication in UL cancellation indication, 
· To determine the starting position of cancelled time resources, following options can be adopted.

· Option 1: Signal an offset relative to UL cancellation indication. 

· Option 2: Define reference time region and signal an offset relative to beginning of reference time region.
Regarding the end of cancelled time resources, it can be explicitly indicated by gNB or implicitly determined by UE. For the latter, UE could assume the cancelled time resources from the starting symbol indicated by UL cancellation indication to the end of same slot, or to the end of the reference time region. The implicitly way provides benefit of signaling overhead saving in UL cancellation indication although it may cause false indication issue. It is quite often that UE needs to cancel the whole UL channel once UL transmission cancellation begins.
For the former option, it is useful for the case that there are more than one UL channels in different time resources, where the UL channels are all within the reference time region. If only one of the UL channel is preempted while others are not, explicitly indicating the ending position of cancelled resources would be beneficial to avoid false cancellation. An example is given in the Figure 2. The eMBB UE1 is scheduled to transmit PUSCH 1 and PUSCH 2 in different slots, where partial of PUSCH 1 is indicated to be cancelled by the received UL cancellation indication. If the ending position of cancelled time resources is indicated, eMBB UE1 can transmit PUSCH 2 in the subsequent slot thus false cancellation is avoided.
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Figure 2: Example of UL transmission cancellation in the case of eMBB UE with multiple UL channels

Proposal 9: For the time domain indication in UL cancellation indication, 
· The ending position of cancelled time resources can be explicitly indicated by gNB or implicitly determined by UE.
2.2.6. Frequency domain indication

In frequency domain, there could be no explicit indication in UL cancellation indication. In this case, UE can assume the whole UL BWP in the cancelled time resources are preempted. This is beneficial for signaling overhead reduction while it may increase the possibility of false indication in frequency domain. As for the case in Figure 2, if only one of the UL channel is preempted while others are not, explicitly indicating the frequency domain resources would be beneficial to avoid false cancellation. For example, UL BWP is divided into a number of subsets where UL cancellation indication can indicate the subsets of UL BWP as cancelled frequency resources. In the example of Figure 2, eMBB UE1 can cancel the PUSCH 1 according to the time and frequency indication in UL cancellation indication, while it can transmit the scheduled PUSCH 2 in the subsequent slot due to no overlapping with URLLC transmission.
Proposal 10: For the frequency domain indication in UL cancellation indication, 
· The cancelled frequency resources can be explicitly indicated by gNB or implicitly determined by UE.
3. Intra-UE multiplexing 
3.1. UL multiplexing between grant-based eMBB UL and grant-based URLLC UL
A URLLC UL transmission may be scheduled after UL grant for eMBB UL is received. After eMBB UL is scheduled, UE is scheduled with a URLLC UL by a later UL grant that is transmitted after the UL grant for eMBB. The URLLC UL is scheduled to be transmission on the time/frequency resources that are already allocated to eMBB transmission. In this case, to handling such collision of eMBB and URLLC transmissions, URLLC UL transmission is prioritized, i.e. UE follows the later received UL grant to proceed the URLLC UL transmission and cancels eMBB UL transmission.
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Figure 3: Example of intra-UE UL multiplexing between scheduling-based eMBB UL and scheduling-based URLLC UL
In DL, there is a case of multiplexing between eMBB HARQ-ACK and URLLC HARQ-ACK. A UE may be scheduled with a URLLC DL transmission after eMBB DL transmission is scheduled. The URLLC PDSCH is transmitted before HARQ-ACK for eMBB DL is reported. Meanwhile, the HARQ-ACK for URLLC DL may be overlapped in time with HARQ-ACK for eMBB DL. In this case, HARQ-ACK for URLLC DL needs to be prioritized, i.e. UE follows the later received DL grant to proceed the URLLC HARQ-ACK transmission and cancels eMBB HARQ-ACK transmission.
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Figure 4: Example of intra-UE UL multiplexing between scheduling-based eMBB HARQ-ACK and scheduling-based URLLC HARQ-ACK transmissions
Proposal 11: For UE supporting multiplexing of eMBB and URLLC traffic, in case of overlapping between scheduling-based eMBB related UL transmission and scheduling-based URLLC related UL transmission, 

· UE follows the later received grant to proceed the URLLC related UL transmission and cancels eMBB related UL transmission.

· Note: UL transmission includes UL data or HARQ-ACK.
3.2. UL multiplexing between grant-based eMBB UL and grant-free URLLC UL

In this case, an eMBB UL transmission scheduled by UL grant overlaps in time with a grant-free resource on which UE intend to transmit URLLC UL. 
An examples is shown in the figure. Grant-free resources are configured for URLLC transmission to satisfy the latency and reliability requirements. After eMBB UL is scheduled, a URLLC packet arrives. In this case, the UE behavior for handling the collision of dynamic grant scheduling and grant-free transmission should be defined. 
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Figure 5: Example of intra-UE UL multiplexing between scheduling-based eMBB UL and grant-free URLLC UL
Note that RAN2 had following agreement 

=>  The dynamic grant addressed to C-RNTI and CS-RNTI shall override the configured grant Type 1 or Type 2 for this transmission in case of overlap in time domain.

According to the agreements, UE has to either transmit the URLLC UL on the scheduled resources for eMBB UL or postpone the URLLC UL to the next grant-free transmission occasion. If URLLC UL is transmitted on the scheduled resources for eMBB UL, it may result in lower reliability for URLLC transmission since the scheduled eMBB UL resource may not be suitable for URLLC UL. If URLLC UL is postponed to the next grant-free transmission occasion, larger latency for URLLC transmission will be caused. Therefore, mechanism to ensure the URLLC transmission performance should be provided. 

· In case of overlapping between dynamic scheduling eMBB transmission and grant-free URLLC transmission, following options can be considered

· Alt 1: UE transmits URLLC transmission over dynamic scheduled UL resource
· The dynamic scheduled UL resource should be applicable for URLLC UL transmission.
· Alt 2: UE transmits URLLC transmission over grant-free resources and cancel the UL transmission over dynamic scheduled UL resource
· The grant-free resource for URLLC UL transmission has higher priority than the dynamic scheduled UL resource for eMBB UL transmission
For Alt. 2, UE may need to determine the resources for URLLC UL transmission depending on the service type. For example, the decision can be made based on the logical channel priority (LCP) in MAC layer. An example of association between LCP in MAC layer and dynamic/configured grant in PHY layer is presented in Figure 4. In the figure, LCP 1 is used for URLLC data with mini-slot based transmission where the transmission duration is 4 symbol, while LCP 2 is used for eMBB data with slot-based transmission. A PUSCH for configured grant with 4-symbol duration is overlapped with a PUSCH for dynamic grant with 1 slot duration. 
UE needs to determine which LCP is associated with the configured grant and dynamic grant. In this case, configured grant is associated with LCP 1 while LCP 2 cannot be applied for configured grant. For dynamic grant, only LCP2 is associated. If there are URLLC data in LCP 1, the data in LCP 1 should be prioritized and thus be transmitted on the PUSCH for configured grant to meet the latency requirement. Therefore, in this case, configured grant associated with higher logical channel priority should be prioritized for URLLC data transmission.
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Figure 6: Example of association between LCPs in MAC and dynamic/configured grant in PHY
Proposal 12: For UE supporting multiplexing of eMBB and URLLC traffic, in case of overlapping between scheduling-based eMBB related UL transmission and grant-free URLLC transmission, 
· UE transmits the URLLC transmission over grant-free resource and cancels eMBB related UL transmission over dynamic scheduled UL resource.
4. Conclusion

In this contribution, we provide our views on UCI multiplexing with different reliability requirement and UL inter/intra-UE data multiplexing with different reliability requirements. The proposals are summarized below.
Proposal 1: Semi-static and dynamic multiplexing for eMBB and URLLC are supported.
Proposal 2: 

· Minimum UL cancellation time for eMBB UE needs to be less than N2.
· To indicate UL transmission cancellation for eMBB UE, impact of minimum UL cancelation time and TA should be taken into account.

· If there is no sufficient cancellation time between the receiving timing of UL cancellation indication the eMBB UL transmission, partial UL transmission can be cancelled.

Proposal 3: eMBB UE can be configured to monitor UL cancellation indication using slot-level or mini-slot level monitoring.
· For mini-slot level monitoring, monitoring occasion and number for blind decoding for UL cancellation indication, should be configurable.

Proposal 4: UL cancellation indication can be indicated to eMBB UE by gNB using UE-specific DCI or group common DCI.
Proposal 5: For group common DCI for UL cancellation indication, 

· UL cancellation indication should provide sufficient processing time for UE with maximum TA in the group.

· Cancellation indication for each UE separately provided in the group common DCI can be considered.

Proposal 6: Low coding rate or higher aggregation level for UL cancellation indication are needed to satisfy the reliable transmission.

Proposal 7: Payload size of UL cancellation indication should be small.

· FFS removal of CRC for UL cancellation indication.

Proposal 8: For the time domain indication in UL cancellation indication, 
· To determine the starting position of cancelled time resources, following options can be adopted.

· Option 1: Signal an offset relative to UL cancellation indication. 

· Option 2: Define reference time region and signal an offset relative to beginning of reference time region.
Proposal 9: For the time domain indication in UL cancellation indication, 
· The ending position of cancelled time resources can be explicitly indicated by gNB or implicitly determined by UE.
Proposal 10: For the frequency domain indication in UL cancellation indication, 
· The cancelled frequency resources can be explicitly indicated by gNB or implicitly determined by UE.

Proposal 11: For UE supporting multiplexing of eMBB and URLLC traffic, in case of overlapping between scheduling-based eMBB related UL transmission and scheduling-based URLLC related UL transmission, 

· UE follows the later received grant to proceed the URLLC related UL transmission and cancels eMBB related UL transmission.

· Note: UL transmission includes UL data or HARQ-ACK.
Proposal 12: For UE supporting multiplexing of eMBB and URLLC traffic, in case of overlapping between scheduling-based eMBB related UL transmission and grant-free URLLC transmission, 

· UE transmits the URLLC transmission over grant-free resource and cancels eMBB related UL transmission over dynamic scheduled UL resource.
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