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1 Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In the previous meeting, the group discussed the inter-UE UL multiplexing, focusing on the evaluation assumptions. In this contribution, we address detailed views about pre-emption indication.
2 Discussion
There are several interference scenarios between URLLC and eMBB. Mainly, eMBB PUSCH plays as an aggressor and URLLC PUSCH plays as a victim. The more cases occur because PUSCH can be either dynamically allocated or semi-statically configured, which is listed in the Table 1.

[bookmark: _Ref528915871]Table 1 Interference scenario between eMBB UE and URLLC UE
	
	Aggressor (eMBB)

	
	Dynamic (GB)
	Configured (GF)

	Victim (URLLC)
	Dynamic (GB)
	Scenario 1
	Scenario 2

	
	Configured (GF)
	Scenario 3
	Scenario 4



The first interference scenario would multiplex the dynamically scheduled PUSCH. The GB eMBB PUSCH is allocated before, but its resource can be re-allocated to the GB URLLC PUSCH. The serving gNB can detect both TBs with advanced receiver, or can eliminate the eMBB PUSCH. This has been debated for discussions as PI, and the next section describes our view.
In the second interference scenario, GB URLLC PUSCH overlaps GF eMBB PUSCH. Since the serving gNB does not know whether eMBB PUSCH is transmitted, it is a scheduler’s choice to allocate URLLC PUSCH on configured resource for eMBB if the activity factor of GF eMBB PUSCH is low enough. On the other hand, the traffic such as VoIP is always transmitting, and this scheduling decision should not have been made. Even when the serving gNB detects the presence of GF eMBB PUSCH (by its DM-RS), the serving should be responsible for re-transmit the URLLC PUSCH. However, in case that GB URLLC PUSCH may not have an enough latency budget, the PI for eMBB GF PUSCH is required. Since eMBB UEs are being monitoring PDCCH for other purposes, it is not much more burden to monitor PDCCH for PI. The next section is dedicated to the first scenario, but the PI discussion is easily applicable to the second scenario.
In the third interference scenario, GB eMBB interferes GF URLLC. We believe this scenario occurs only when eMBB traffic is highly dense because otherwise the scheduler can avoid this scenario. Namely, an eMBB traffic can be allocated orthogonal to any configured resource. Even when URLLC traffic is dense and requires much of resource, implementation-based solutions can be applied. The later section describes some examples. However, the PI to stop eMBB PUSCH can also be applied for this scenario.
In the fourth interference scenario, the scheduler configures two different type of traffic onto the same resource, which is not desirable. When the URLLC PUSCH and eMBB PUSCH overlap, the serving gNB should retransmit the URLLC PUSCH, or adopt the NOMA technique to distinguish received TBs.  
2.1 Relationship between intra-UE UL multiplexing
The LS from RAN2 (R1-1900003 LS on Intra-UE Prioritization/Multiplexing) lists seven scenarios for intra-UL multiplexing. The Scenario 3 considers a PUSCH resource conflict between UL grants. RAN2 gives some example solutions as a guidance. One solution depends on the explicit signalling in the UL grant and the other solution follows the latest UL grant. RAN1 can discuss many other solutions. 
The final solution should strive for less impact to the UE implementation and to the specification, in addition to achieving the sufficient the performance. In our perspective, the inter-UE multiplexing and the intra-UE multiplexing have significant commonality. This is because UE behaves similarly though objectives are different, i.e., UE pre-empt the previously scheduled PUSCH for other PUSCH of own or the others. Therefore, inter-UE multiplexing and intra-UE multiplexing solution should be discussed altogether to get more optimized and less impact to the legacy UEs.
[bookmark: _Ref534965596]Proposal 1: Strive for the common and unified design for inter-/intra-UE UL multiplexing.
2.2 GB URLLC and GB eMBB multiplexing
In this interference scenario, the GB eMBB PUSCH is granted some slots before and the GB URLLC PUSCH is granted later, but two PUSCH resource overlap. Since the URLLC PUSCH is prioritized, the eMBB PUSCH should minimize its interference. The PI, which is possibly delivered by PDCCH, can affect the eMBB UE to change its (possibly on-going) granted transmission.
2.2.1 PI mechanism
The motivation of introducing UL PI includes to relieve the impact of URLLC performance. In some sense, eMBB PUSCH is a source of dominant interference to URLLC PUSCH and vice versa. The PI is a way of switching off eMBB PUSCH transmission, and the eMBB UE should monitor this PI in the GC-DCI. The new GC-DCI may require many time units for devising specifications because it introduces new format of DCI and impacts the CORESET monitoring. 
· Alt 1: UE-specific signalling
One alternative is to introduce UE-specific signalling to manage eMBB PUSCH using the legacy DCI format. If we introduce a new behaviour using legacy DCI format 0_0 and 0_1, then the specification effort will be minimized and the URLLC PUSCH will experience low interference. On the other hand, the CORESET overhead for UL grant can be burden even though gNB has a few slots to indicate individual UEs. It is beneficial when eMBB traffic is light.
[bookmark: _Ref528952837]Observation 1: When eMBB traffic is not dense, the UE-specific PI is beneficial.
If eMBB UE receives two UL grants, then the eMBB UE can follow a later UL grant, and the previous UL grant is cancelled. In this case, the eMBB UE should be aware of which TB is to be re-scheduled. It requires further study how to precisely indicate the re-scheduling TB and the desirable UE behaviour. We believe that it is a quite related to intra-UE UL multiplexing because UE operating both eMBB and URLLC can be scheduled dynamically but with overlapped PUSCH resource. For both inter-UE and intra-UE case, it is a reasonable behaviour to override UL grant to dynamically multiplex two types of traffic.
[bookmark: _Ref528952956]Proposal 2: If the UE receives a UL grant of the same TB which is scheduled by an earlier received grant, the UE follows the later UL grant and the previously scheduled PUSCH is dropped.
· Alt 2: Group-common signalling
For other alternative is to introduce broadcast signalling to manage a group of eMBB PUSCH using possibly new DCI format. This seems less CORESET overhead in one sense, but eMBB PUSCH should be retransmitted and it results in more CORESET overhead. However, broadcast signalling can reach a group of eMBB UEs if the serving gNB wants, and the URLLC PUSCH can be protected. 
In our understanding, the scheduler can balance the tradeoff between effectiveness and efficiency in terms of the number of scheduled eMBB PUSCH. Thus, both schemes can be further studied as UL cancellation mechanisms. It is beneficial when eMBB traffic is dense.
[bookmark: _Ref528952970]Observation 2: When eMBB traffic is dense, the broadcast PI is beneficial.
According to the evaluation assumption, the radio of traffic densities of eMBB and URLLC can be various. Since a gNB can associate the appropriate data load of eMBB, it is a matter of optimizing the CORESET overhead.   
[bookmark: _Ref525910320]Proposal 3: Both UE-specific DCI and group-common DCI are further studied as UL cancelation mechanisms. 
2.2.2 Resuming transmissions 
After stopping the dynamically scheduled eMBB PUSCH, the eMBB PUSCH should be allocated within its latency bounds. When the automatic resuming is considered, there are two alternatives depending on whether the pre-empted symbols are transmitted or dropped. 
· Alt 1: Resume transmitting the remaining symbols, and drop the pre-empted symbol. 
The resumed PUSCH symbols should have DM-RS in the same frequency hop, otherwise, the serving gNB cannot decode the eMBB TB. This means that UE has two behaviours depending on DM-RS symbol index; UE drops the pre-empted PUSCH symbols if remaining PUSCH symbols do not include DM-RS, or UE resume the remaining PUSCH symbols.
· Alt 2: Resume transmitting the remaining symbols including the pre-empted symbol. 
The other alternative does not drop pre-empted PUSCH symbols. It solves the DM-RS issues in the previous alternative. However, it can be problematic if the PUSCH can cross the slot boundary. This is one of agreement in the previous meeting that a single PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
Both alternatives may have more clarifications. In some sense, the resuming without additional signalling causes problems. Thus, we should further study for feasibility of the stop-and-resuming approach.
[bookmark: _Ref528952983]Proposal 4: Further study for feasibility of the stop-and-resuming approach.
2.2.3 UCI timing
The UCI may have or may not have been piggybacked on eMBB PUSCH. When the PUSCH is not transmitted in the same slot, the UCI can be either carried on PUCCH in the slot or dropped with PUSCH. In our understanding, there has been no discussion how to deal with the UCI on PUSCH so far. Some UCI type like periodic CSI seems less important while HARQ-ACK is important to manage the system operation.  
· Alt 1: UCI is transmitted on PUCCH.
One alternative is to deliver UCI on PUCCH and drop PUSCH. It is based on the observation that URLLC PDSCH should require HARQ-ACK as quick as possible. URLLC HARQ-ACK is as important as URLLC PUSCH. In this case, URLLC HARQ-ACK is transmitted while eMBB TB is dropped. Since eMBB PUSCH is pre-empted, the UE should transmit PUCCH instead to map URLLC HARQ-ACK. The UE should be ready for two UL channels and choose either one UL channel by receiving the PI.
· Alt 2: UCI is dropped in the slot.
Another alternative is to drop the UCI with PUSCH. It is simpler to implement because UE transmits nothing. In turn, the serving gNB receives nothing and regards as DTx or pre-empted. The serving gNB should assign the same TB again within the eMBB latency requirement. However, some UCI type is very sensitive to the possible delay, for instance, the URLLC PDSCH’s HARQ-ACK should not be dropped even though eMBB TB is dropped. Thus, we need to check the feasibility if UCI is dropped.
[bookmark: _Ref525910331]Proposal 5: Further study for the UCI timing if eMBB PUSCH is cancelled.
2.3 GF URLLC and GB eMBB multiplexing
If GB eMBB PUSCH and GF URLLC PUSCH are multiplexed, the serving gNB should assign UL resource which is orthogonal to GF UL resource, in order to avoid such overlap. The serving gNB knows that the UL grant is for eMBB by receiving buffer state at UE and that this UL grant is not for URLLC. The overhead for being orthogonalize between eMBB and URLLC can be large if GF URLLC is configured at very frequently (e.g., 2 or 7 symbols). One of scheduling policy is to split the eMBB data into smaller TBs, or other policy is to configure aggregated slots for repetition, i.e., one large TB with code rate r is repeated K times, and its effective code rate will be r/K whose target error probability is achieved.
We illustrate the latter idea in Figure 1. One TB is configured to transmit 3 times with one UL grant. Since the configured resources are repeated with the same resource pattern, the eMBB PUSCH does not overlap with the configured resource if it does not in one slot. An eMBB UE follows the UL grant which indicates 3 times higher than the desired code rate. The eMBB UE repeats the TB 3 times, and the resulting code rate will be effectively reduced by 3. By doing so, the eMBB UE achieves the target BLER with orthogonal resource allocation.

[image: ]
[bookmark: _Ref528918407]Figure 1. Example of multiplexing dynamic resource and configured resource

When eMBB traffic is dense, for efficient operation, the serving gNB should be able to scheduled GB PUSCH on the configured resources for URLLC. In this case, URLLC UE can be re-transmitted when gNB detects the presence of GB PUSCH. This latency can be optimized by detecting the DM-RS of URLLC UEs, not waiting for decoding the URLLC TB. Since URLLC UEs are being monitoring CORESET very frequently, it is reasonable to re-transmit within the latency bound.
[bookmark: _Ref528952999]Observation 3: Current UE behaviour with the wise scheduling can support the orthogonal allocation between GF PUSCH and GB PUSCH when eMBB traffic is not dense.
However, if the PI is specified, then the eMBB UE would monitor the PI to stop transmitting eMBB PUSCH. This approach is another feasible solution to solve the interference scenario, but with the specification efforts.
3 Conclusion
In this contribution, we have the following discussions:
Proposal 1: Strive for the common and unified design for inter-/intra-UE UL multiplexing.
Observation 1: When eMBB traffic is not dense, the UE-specific PI is beneficial.
Proposal 2: If the UE receives a UL grant of the same TB which is scheduled by an earlier received grant, the UE follows the later UL grant and the previously scheduled PUSCH is dropped.
Observation 2: When eMBB traffic is dense, the broadcast PI is beneficial.
Proposal 3: Both UE-specific DCI and group-common DCI are further studied as UL cancelation mechanisms.
Proposal 4: Further study for feasibility of the stop-and-resuming approach.
Proposal 5: Further study for the UCI timing if eMBB PUSCH is cancelled.
[bookmark: _GoBack]Observation 3: Current UE behaviour with the wise scheduling can support the orthogonal allocation between GF PUSCH and GB PUSCH when eMBB traffic is not dense.
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