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1 Introduction
From RAN#78, there were agreements for support URLLC enhancements in [1].  
	· Proposed scope in RAN1:

· Specify, CQI table and MCS table design targeting high reliability

· Based on the following identified need from RAN1 (RAN1 #90bis)

· Agreement:
· N separate CQI table(s) are supported for URLLC
· Downselect the value of N between 1 or 2
· Two target BLER are supported for URLLC
· Note: RRC signalling is used by gNB to select one of the two target BLER
· Note: The configuration of target BLER or CQI table is part of CSI report setting
· Study and specify if gains are identified

· Define a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data

· For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space

· Handle UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption) 


This contribution considers how to handle UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption). The focus is on a situation where a UL transmission having longer transmission duration can be collided with a UL transmission having shorter transmission duration in case of FDD and with a DL transmission having shorter transmission duration in case of TDD. Under the situation, this contribution discusses an indication about whether the UL transmission having the longer transmission duration can be still performed or not. 
2 UL Data Collisions in FDD

In NR, a gNB will be able to schedule data with different transmission durations to different UEs having different PDCCH monitoring periods. Figure 1 shows a collision between a UL transmission with longer transmission duration and a UL transmission with shorter transmission duration in case of FDD. It is noted that both UL transmissions are based on scheduling by UL grant.
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Figure 1: A collision of UL data with different transmission durations in case of FDD.
Figure 1 shows a collision between UL transmissions with different transmission durations in case of FDD. To simplify the discussion, a longer transmission duration is referred to as ‘slot’ (e.g. N symbols) and a shorter transmission duration is referred to as ‘mini-slot’ (e.g. M < N symbols). So, n and k have a granularity of a ‘slot’ while m and k’ have a granularity of a ‘mini-slot’. Then, a UL transmission with the longer duration and a UL transmission with the shorter duration can be partially or fully overlapped each other in time and frequency region although they are scheduled by respective UL grants at different times. In this case, in order to prevent an interference on the mini-slot transmission by the slot transmission, an indication can indicate that UL data transmission in a slot n+k has been cancelled before the UL data transmission is actually performed by UE 1. The indication can be transmitted in advance (e.g. before a slot n+k) and the indication needs to be checked by UE 1 prior to configured/scheduled UL transmissions on slot n+k. The indication can be conveyed by DL control channel such as GC-PDCCH or UE-specific PDCCH.
Proposal 1: Consider UL collision issues on UL transmission with different transmission duration as well as different reliabilities in case of FDD
3 UL Data Collisions in TDD

Similar to a case for FDD, in TDD, a grant-based UL transmission having a longer transmission duration can be overlapped with a grant-based DL transmission having a shorter transmission duration. Figure 2 shows a collision between UL and DL data with different transmission durations in TDD. 
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Figure 2: A collision between UL and DL data with different transmission durations in case of TDD

The same notations and concepts are applied for Figure 2 as in Figure 1 of the FDD case. In Figure 2, a UL slot transmission at slot n+k is scheduled by a UL grant at slot n. But, a DL mini-slot transmission at mini-slot m+k’ is scheduled by a DL grant at mini-slot m. If the UL slot transmission is for eMBB and the DL mini-slot transmission is for URLLC and the DL mini-slot transmission should be prioritized, the UL slot transmission can be cancelled in order to avoid cross-interference on the URLLC by the UL slot transmission. In this case, an indication similar to what was already mentioned in the previous section can be introduced. When the collision happens, the indication for UL transmission cancellation can be transmitted before UE 1 performs the UL data transmission in order to prevent a collision between UL slot transmission and DL mini-slot transmission in TDD. The indication can be transmitted in advance (e.g. before a slot n+k) and the UE 1 needs to check the indication prior to configured/scheduled UL transmissions on slot n+k. The indication can be conveyed by DL control channel such as GC-PDCCH or UE-specific PDCCH.
Proposal 2: Consider UL collision issues on UL transmission with different transmission duration as well as different reliabilities in case of TDD
4 UL cancellation indication

Regarding UL cancellation indication, a main motivation of introducing this concept is to mitigate UL interference for UEs who wants to transmit latency/reliability sensitive data such as URLLC packets. There are two forms of UL cancellation indication. One is UE specific DCI and the other is Group-common DCI. 
UE specific DCI

UE-specific DCI seems to be a good solution in view that one DCI can trigger both cancelling pre-scheduled PUSCH resource and reallocating PUSCH resource at the same time. So, it might be resource efficient in case that very small number of UEs who are already scheduled to transmit PUSCH should be cancelled. However, when larger number of UEs should be cancelled at some time, signalling overhead should be increased as gNB should indicate UE-specific DCI to all UEs for cancelling pre-scheduled PUSCH resources. So, it may affect to increase blocking probability and then some UE cannot receive this information, and it would incur UL interference if CORESET resource is not sufficient. 
If UE-specific DCI is allowed to use as a UL cancellation indication, a UE can expect to follow PUSCH resource which is recently indicated by UL DCI with a certain UL HARQ process number. 
Group common DCI 

Group common DCI can indicate UL cancellation information to a group of UEs which was already configured to monitor UL cancellation indication with a certain RNTI type. The approach would be efficient in case that a large number of UEs should be stopped or cancelled to transmit pre-scheduled PUSCH resources because latency sensitive UEs may require large frequency resource to satisfy reliability requirements or increase transmission range. However, after using group common type DCI to trigger UL PUSCH cancellation for a group of UEs, gNB needs another UE-specific DCI to reschedule PUSCH resource to UEs who receive PUSCH cancellation resources. 
If group common DCI is allowed to use as UL cancellation indication, there are two candidates to enable UL cancellation indication: SFI-related indication and UL version of DL preemption indication. Regarding SFI-related indication, link information (UL or DL or unknown) which is indicated by SFI indication will override UE-specific DCI which indicate UL grant. In this way, UL grant can be cancelled if UE receives SFI indication that indicates changing from UL granted some symbols to other directions (DL or unknown). Regarding UL version of DL preemption indication, it might be similar with a form of DL preemption indication. UL cancellation indication indicates a certain frequency and time region within reference UL resources. Herein, reference UL resources consists of time resource (e.g., a unit of slot or the same with monitoring period for UL cancellation indication) and frequency resources (e.g., PRB or PRB(s) or active UL bandwidth part). Also, UL cancellation indication informs UL granted UEs of which part should be cancelled with two types: the first type includes time resource information and the second type includes time and frequency resource information. As for UE behaviour, UE will understand to stop or cancel UL granted resource if at least a small portion of the resource is overlapped with the region indicated by UL cancellation indication. Also, UL cancellation indication can have 14 bits per BWP per carrier. 
Proposal 3: Consider a simple method to support multiplexing of UL transmission with different requirements such as stopping or dropping, not resuming. 
Proposal 4: Consider UL cancellation indication in form of UE-specific DCI or Group common DCI to handle UL collision issues.
Proposal 5: If UE receives UL cancellation indication, UE does not expect to transmit whole UL data on the scheduled PUSCH resources. 
Proposal 6: If UE receives UL cancellation indication in case of multi-slot scheduling, UE does not expect to transmit UL data on the PUSCH resources within slot(s) indicated by UL cancellation indication. 

5 PUSCH & PUCCH with different reliability requirement for intra UE case
One more thing to consider is that PUSCH and PUCCH have different reliability requirements. 
In case that PUSCH for eMBB and PUCCH for URLLC are allocated in overlapped resources, it should be clarified on whether or not to follow current specification rule such as UCI piggyback. Since PUSCH for eMBB and PUCCH for URLLC have different reliabilities, another rule should consider to satisfy PUCCH reliability. One possible to enable this is that only PUCCH transmission is allowed in case of PUSCH for eMBB and PUCCH for URLLC. That is, it is allowed for UE to drop PUSCH for eMBB.
In case that PUSCH for URLLC and PUCCH for eMBB are allocated in overlapped resources, UCI for eMBB might be piggybacked on PUSCH resources for URLLC if current specification follows. However, it decreases the effective coding rate for eMBB data if eMBB UCI is piggybacked on PUSCH resource for URLLC. Accordingly, a scheme such as dropping UCI for eMBB can be considered to address the issue in case of PUSCH for URLLC and PUCCH for eMBB. 
In case that PUSCH for URLLC and PUSCH for eMBB are allocated in overlapped resources, there was no related specification to support this procedure. Generally, PUSCH for URLLC should be prioritized rather than PUSCH for eMBB. Accordingly, if UE transmit 2 kinds of PUSCHs at the same time, UE should allocate power on PUSCH for URLLC at first and then PUSCH for eMBB. If UE is allowed to transmit one PUSCH at a time, it is better for UE to drop PUSCH for eMBB. 
Next question is how to differentiate PUSCH/PUCCH for eMBB and URLLC. There have been a lot of discussions on this question. Since RAN1 specification does not describe terms such as eMBB and URLLC, it needs other ways to differentiate them. Possible solutions to do this are followings: 
· DCI formats can implicitly indicate PUSCH/PUCCH for eMBB and URLLC. 
· CORESET related parameters (e.g., monitoring periods and so on) can implicitly indicate PUSCH/PUCCH for eMBB and URLLC.
Proposal 7: Consider prioritization rules for PUSCH/PUCCH in case of intra UE case.  

Next issue is how to handle the situation where two PUSCHs are scheduled with overlapping for a UE. Herein, two PUSCH can be based on non-slot or slot based scheduling. Following Fig. 3 (left) shows two PUSCH scheduling indicating overlapping UL resources (at least in time resource). For example, URLLC UL grant will overlap to a part of pre-scheduled eMBB resources. gNB might be mostly handling that this situation is not allowed by implementation. However, URLLC has a different reliability and latency requirements rather than eMBB. So, the situation described as shown in Fig. 3 (left) would be happened if a UE supports URLLC and eMBB services. However, if UE receives two UL grants per one carrier, UE needs to choose only one UL granted resource, and then the resource should be for URLLC that is scheduled by latest UL grant. There are three possible cases to handle UL transmission on overlapped two PUSCH resources as shown in Fig. 3 (right). Case 1 is that UE transmit at first UL data 1 on PUSCH resources which is not overlapped with PUSCH resources for UL data 2, and then stop to transmit after overlapped PUSCH resources. Case 3 is also similar with Case 1 except that UE resumes transmitting UL data 1 on non-overlapped PUSCH resource part after finishing to transmit UL data 2. In different with case 1 and case 3, case 2 is that UE only transmits UL data 2, and drop UL data 1. In UE perspective, case 2 seems to be simple and supportable due not to allow abrupt transmission power changing and complex UE operation. 
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Fig. 3 PUSCH collision case in case of intra UE (left), 

Possible options for UL transmission on overlapped two PUSCH resources (right)
Proposal 8: UE drops PUSCH resource (scheduled firstly by UL grant) which is overlapped with other PUSCH resource (scheduled later by UL grant).  
6 Handling of overlapping after application of TA command 
One more thing to consider is that PUSCH and PUCCH have different reliability requirements. 

In LTE, the following the behavior is captured in 36.213 :

In NR, basically the same principle could be applied but some additional information needs to be considered, which is there could be a service with higher priority coming at slot n+1, e.g., the eMBB data is transmitted in slot n, and URLLC data is transmitted in the slot n+1, it’s natural that when this case happens, UE should not transmit the overlapped part of slot n to protect the reliability of URLLC data. 
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Fig. 4 illustration of overlapping caused by Timing advance adjustment
Proposal 9: if there is an overlap between two adjacent slots due to TA command, 
· If two adjacent slots carry the information with same priority, e.g., both eMBB, or if the later slot carries information with lower priority, e.g., former one is URLLC and latter one is eMBB, UE should not transmit the overlapped part of the latter slot;
· If the latter slot carries the information with higher priority, e.g., former one is eMBB and latter one is URLLC, UE should not transmit the overlapped part of the former slot.
7 Conclusions
This contribution has discussed an UL cancellation indication, related UE behaviours and priority issues on PUCCH/PUSCH in case of intra UE. Followings are summarized in this contribution.
Proposal 1: Consider UL collision issues on UL transmission with different reliabilities in case of FDD
Proposal 2: Consider UL collision issues on UL transmission with different reliabilities in case of TDD
Proposal 3: Consider a simple method to support multiplexing of UL transmission with different requirements such as stopping or dropping, not resuming. 

Proposal 4: Consider UL cancellation indication in form of UE-specific DCI or Group common DCI to handle UL collision issues.

Proposal 5: If UE receives UL cancellation indication, UE does not expect to transmit whole UL data on the scheduled PUSCH resources. 
Proposal 6: If UE receives UL cancellation indication in case of multi-slot scheduling, UE does not expect to transmit UL data on the PUSCH resources within slot(s) indicated by UL cancellation indication. 

Proposal 7: It needs to consider prioritization rules for PUSCH/PUCCH in case of intra UE case.  

Proposal 8: UE drops PUSCH resource (scheduled firstly by UL grant) which is overlapped with other PUSCH resource (scheduled later by UL grant).  
Proposal 9: if there is an overlap between two adjacent slots due to TA command, 
· If two adjacent slots carry the information with same priority, e.g., both eMBB, or if the later slot carries information with lower priority, e.g., former one is URLLC and latter one is eMBB, UE should not transmit the overlapped part of the latter slot;
· If the latter slot carries the information with higher priority, e.g., former one is eMBB and latter one is URLLC, UE should not transmit the overlapped part of the former slot.
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……For serving cells in the same TAG, when the UE’s uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are overlapped due to the timing adjustment, the UE shall complete transmission of subframe n and not transmit the overlapped part of subframe n+1.   …….
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