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[bookmark: _Ref497831218]Introduction
Signaling details enabling efficient multiplexing of DL data transmissions with different durations have been specified in NR Rel-15. A similar signaling mechanism has been proposed for multiplexing UL transmissions but substantive discussions have been delayed to complete the DL feature. This contribution first addresses one remaining issue with DL pre-emption and then discusses the necessity of an additional signaling mechanism to support multiplexing of UL transmissions of different durations.

Remaining details for DL pre-emption indication
A first open issue with RRC impact is the monitoring periodicity for DCI format 2_1 containing a possible indication of service interruption within a reference DL resource. The following was agreed at RAN1 #91:
	Agreements:
· Supported periodicities for slot level preemption monitoring are
· 1, 2, TBD1, TBD2 slots

Working assumption:
· DCI payload size for preemption indication is configurable by RRC
· FFS the interaction with DCI payload size for SFI especially in terms of RRC configuration, and potentially other DCI formats



In a companion contribution on general PDCCH search space design [1], we argue that all DCI formats – except DCI format 2_0 – transmitted in the so-called Type3 common search space can be configured using the RRC parameter, search-space-config. Therefore, there is no need to agree on additional monitoring values specifically for monitoring DCI format 2_1 as it is up to the network what value to configure for any group common DCI format in the Type3 CSS. This also resolves the open issue regarding the interaction between DCI format 2_1 and the other formats of the 2_X variety.
Proposal: Search space configuration for monitoring DCI format 2_1 is completely provided by the RRC parameter search-space-config. 
· The slot-level monitoring periodicity is provided by the higher layer parameter, Monitoring-periodicity-PDCCH-slot. 

Necessity of pre-emption indication for UL transmission
A UE may either be scheduled with an UL grant or configured with a grant-free resource for UL transmission. For latency-constrained services, a UE may be configured with Type1 or Type2 grant-free resources, wherein the UE skips UL transmission when there is no UL-SCH data to transmit. Similarly to the DL case, it is proposed to suspend a first PUSCH transmission (e.g. eMBB) in order to transmit a second and higher priority PUSCH (e.g. URLLC). Both intra-UE and inter-UE multiplexing have been proposed in previous meetings and are discussed in this section. 

Inter-UE multiplexing
Case 1: First transmission (victim) is configured (grant-free) and second is scheduled (grant-based)
For this scenario, a UE is configured with periodically occurring Type1 or Type2 grant-free (TWG) resources. For URLLC the gNB does not know when the UE would transmit, and to utilize radio resources effectively, the gNB may schedule an UL grant from a second UE, where the scheduled resources fully or partially overlap with the grant-free resources configured for a first UE as shown in Figure 1. 
It is up to the network how to mitigate the impact of collision. Indeed, this can be seen as a form of MU-MIMO where orthogonal DMRS ports can be assigned to each UE. Therefore, no additional specification is required.  
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[bookmark: _Ref503022782]Figure 1 Collision of grant-free and grant-based PUSCH transmissions for different UEs

Case 2: Both transmissions are scheduled (grant-based)  
A second case is when both transmissions are scheduled. A scenario that typifies this case is where a first scheduled transmission (e.g. eMBB) is interrupted by a second transmission (e.g. URLLC). In contrast to the DL case, suspension of a PUSCH has to be received and processed sometime between scheduling of the UL grant to the first UE and the start of the PUSCH transmission by a second UE. This implies that the scheduling sequence of SR-UL DCI-PUSCH for the pre-empting UE has to be completed before the end of the PUSCH transmission by the first UE. Firstly, this dictates a finer scheduling granularity (mini-slot-level) for the second UE compared to the first UE. 
We consider a very optimistic example to assess the feasibility of this scenario. Figure 2 depicts a case where a first UE is configured for slot-level PDCCH monitoring while a second UE is configured for 2-symbol-level PDCCH monitoring. The first UE has been scheduled for PUSCH transmission over a slot. 
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[bookmark: _Ref503022801]Figure 2 Illustration of scheduling sequence for a second UL transmission pre-empting a first transmission

We consider a case where the propagation delay is as small as half an OFDM symbol so that the TA is limited to 1 OFDM symbol. The second UE initiates an SR such that the gNB receives the SR at the first symbol of the slot. Assuming a very short gNB processing time of 2 symbols, the gNB is able to send an UL grant in symbol #4 of the slot since some alignment is needed for the PDCCH monitoring occasions. Again assuming a very small UE processing time of 4 symbols (twice the processing time of the gNB), the earliest time PUSCH can occur for the pre-empting UE is in the very last 2-symbol mini-slot of the slot duration. 
First it should be noted that the minimum (tentative) processing time for UL processing is N2 = [10] symbols (see agreements in [2]). Therefore, either much shorter processing time capability is required for this feature, or the UE needs to initiate SR much faster than is depicted in Figure 2. For instance the SR has to be initiated well in advance of the start of PUSCH transmission by the first UE, which limits the applicable use cases for this proposed feature.
Observation: the timing of SR initiation to PUSCH transmission by a second (pre-empting) UE, including gNB and UE processing times, makes it unlikely for many practical cases that a pre-empting PUSCH transmission can be sent before the end of an ongoing first PUSCH transmission.

A second aspect is transmission of a suspension indication to the first UE to avoid collision with the second (pre-empting) UE. A pertinent point to note from Figure 2 is that this is only applicable for FDD since the pre-empted UE simultaneously transmits and receives on different carriers. Other issues can be observed for this scenario.
Referring again to Figure 2 it means that although the first UE is configured for slot-level PDCCH monitoring for PUSCH transmission, it is then configured to monitor for a suspension indication at mini-slot-level. This would require a new indication channel as mentioned in [3]. Apart from designing such a new channel at this stage of the Rel-15 specification, it also increases the blind decoding complexity for the first (pre-empted) UE as it now has to monitor additional PDCCH candidates at the mini-slot level. 
A possible, and more realistic, scenario that may be further considered is shown in Figure 3. Here the SR from a second UE is received before a regular PDCCH monitoring occasion for the first UE, i.e. no additional blind decodes should be configured for monitoring for a PUSCH suspension. As such a signaling mechanism can be considered to modify the physical resources assigned to a yet-to-be transmitted PUSCH. An advantage of this scenario is that it is applicable to both FDD and TDD obviating the need for different specifications.



[bookmark: _Ref503025357]Figure 3 Illustration of suspension of a PUSCH at normal monitoring occasions
Proposal: consider support of a subsequent UL grant modifying the physical resources allocated to a scheduled, but not transmitted, PUSCH. 

Intra-UE multiplexing
For intra-UE multiplexing the only case we have identified is when a first transmission is grant-free and the second is grant-based. However, it is not clear whether the scheduled transmission should override the grant-free transmission as it could depend on higher layer aspects such as QoS and logical channel prioritization. This may need further discussion in both RAN1 and RAN2 as to prioritization of PUSCH triggered by different logical channels.
Proposal: prioritization rules should be specified if collision occurs between PUSCH transmissions of different durations from the same UE.

Conclusion
This contribution discussed one remaining aspect of DL pre-emption signaling and the necessity of UL pre-emption indication when two UL transmissions of different durations are multiplexed within the same physical resources. 
For DL pre-emption signaling, we propose:
· Proposal: Search space configuration for monitoring DCI format 2_1 is completely provided by the RRC parameter search-space-config. 
· The slot-level monitoring periodicity is provided by the higher layer parameter, Monitoring-periodicity-PDCCH-slot. 
Regarding the necessity/benefits of signaling mechanisms enabling multiplexing of UL transmissions within the same resources we have the following observation and proposals: 
· Observation: the timing of SR initiation to PUSCH transmission by a second (pre-empting) UE, including gNB and UE processing times, makes it unlikely for many practical cases that a pre-empting PUSCH transmission can be sent before the end of an ongoing first PUSCH transmission.
· Proposal: consider support of a subsequent UL grant modifying the physical resources allocated to a scheduled, but not transmitted, PUSCH. 
· Proposal: prioritization rules should be specified if collision occurs between PUSCH transmissions of different durations from the same UE.
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