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[bookmark: _Ref497831218]Introduction
At RAN1 #96bis meeting, the following working assumption and agreements were achieved for UL inter-UE multiplexing [1]:
Working assumption:
· PDCCH is used for UL cancelation indication 
· The Working assumption can be revisited if the DCI for cancelation indication only carry very small number of information bits, e.g. 1 bit. 
Agreements:
· Upon detecting an UL cancelation indication, at least stop without resuming is supported
· FFS whether and how to support stop with resume 
Agreements:
· Further discuss which UL transmissions that can potentially be cancelled by the UL cancelation indication, including
· Dynamic scheduled UL transmissions, including PUSCH, PUCCH, SRS
· Semi-persistent UL transmissions, including PUSCH, PUCCH, SRS
· Periodic UL transmissions, including configured grant PUSCH, PUCCH, SRS
· PRACH
Agreements:
· Further discuss, aiming for down-selection, the group common DCI and UE-specific DCI for UL cancelation indication 
· For group common DCI (different from Rel-15 SFI)
· UE is configured to monitor a group common DCI which indicates the time/frequency region on which the UL cancellation indication applies
· For UE specific-DCI
· When applicable, UE is configured to monitor a second UL grant for the same TB as an earlier PUSCH indicating UL cancellation before the end of the earlier PUSCH transmission. In this case, the UE follows the UL cancellation indication.   
Conclusion:
· Further discuss the following power control enhancements
· Increased TPC range
· FFS details, e.g. supported value range, number of TPC bits, accumulated and/or absolute TPC, configurability of the TPC tables, applicability to SRS/PUCCH. 
· [bookmark: OLE_LINK33][bookmark: OLE_LINK34]Indication of open-loop parameter sets based on scheduling DCI without using SRI 
· Indication of open-loop parameter sets based on GC-PDCCH
In this contribution, we discuss the details of UL cancelation and enhanced UL power control.
Discussion
UL cancelation scheme
PDCCH based and Sequence based indication:
Considering the detailed design for cancelation indication is still open, sequence based scheme may be not sufficient to carry the required information bits since it uses cyclic shift to denote different information. Another concern is the sequence based indication is a new downlink channel which requires more effort of specification work. Furthermore, the higher false alarm ratio may also deteriorate the eMBB performance. 
Proposal 1: Confirm the working assumption achieved at RAN1#96bis meeting 
Working assumption:
· PDCCH is used for UL cancelation indication 
· The Working assumption can be revisited if the DCI for cancelation indication only carry very small number of information bits, e.g. 1 bit. 

The DCI-based indication 
There are two possible PDCCH based mechanisms to indicate UL cancelation:
1. UE-specific signaling: It will cause large overhead if use a UE-specific indication to inform the cancelation resource. More likely, the gNB may transmit a second PDCCH to a non-URLLC UE indicating new PUSCH timing and/or resource allocation to a previously scheduled TB on a HARQ process. The UE interprets this as an indication to cancel the first transmission. One possible solution is to reschedule the non-URLLC PUSCH with same HARQ process ID and UE could deduce it should cancel the PUSCH scheduled by first UL grant.  
2. GC-PDCCH: This option alleviates the DL control signaling burden for indication of cancelation resource in a certain slot since a single PDCCH provides UL cancelation indication for several UEs. However, the benefit of overhead reduction depends on the detailed design for CI, if there are UE-specific fields defined in group common DCI, the overall benefit of the overhead reduction is doubtful. Furthermore, note that for L interrupted UEs in a slot, up to L additional PDCCHs need to be transmitted to schedule corresponding L retransmissions. Therefore, the overhead in terms of PDCCH candidates is not reduced compared to the UE-specific mechanism.
Observation 1: The benefit of group common PDCCH is unclear since it depends on the specific group common DCI design and requires additional PDCCH resources. 
Observation 2: PDCCH for retransmission is necessary for non-URLLC UE after it cancels a PUSCH, regardless of the indication is based on group-common or UE-specific.
When UE detects a cancellation indication, it is better to support stopping without resuming considering the phase continuity issue and signal overhead. If phase continuity for transmission cannot be maintained, the channel estimation would be incorrect.  RAN1 has to check with RAN4 for feasibility and what maximum gap could keep phase continuity. However, even if phase continuity can be maintained under some conditions and stop with resume is feasible, e.g. a gap no larger than 4 symbols with 15KHz SCS, there may be multiple URLLC transmissions interrupting an on-going eMBB PUSCH due to sporadic property of URLLC traffic. Consequently, the decoding performance of eMBB PUSCH will be degraded and rescheduling is inevitable. In contradictory, canceling the remaining part of data is a simpler and more effective method. The gNB only needs to inform the starting position of cancelled eMBB transmission which leads to a smaller overhead. 
Proposal 2: After detecting an UL cancellation indication, stop without resume is preferred for simplicity and overhead reduction.

Scheduling and processing timeline
In the example shown in Figure 1 we adopt UE PUSCH timing capability 1 and PUSCH timing capability 2 in 38.214 for UE1 and UE2 (URLLC UE) respectively for 30KHz SCS. The gNB processing time is assumed to be same as PUSCH timing capability 2. The first UE is configured to monitor PDCCH once per slot for UL grants, while the second UE is configured to monitor 4 times per slot with the same CORESET duration of 1 symbol. The SR periodicity is set to the minimum of 2 symbols and is transmitted on 2-symbol PUCCH Format 0. As shown in Figure 1, the processing time for an UL cancelation cannot be larger than the URLLC UE PUSCH preparation time. This means that any improvement in URLLC PUSCH processing capabilities to reduce latency must also be matched by a corresponding reduction in UL cancelation processing time for a non-URLLC UE. 
Observation 3: A non-URLLC UE configured to monitor for UL cancelation indication must be able to process the UL cancelation channel at least as fast as the PUSCH preparation time for the URLLC UE.
A second issue is that the UL cancelation indication should also consider the UE transient time for turning off the TX power if the non-URLLC UE has already started transmission or is within the ramp-up time for PUSCH transmission. Therefore, the total time margin before the URLLC UE starts transmitting is provisioned at the non-URLLC UE to include: 

Observation 4: For an ongoing PUSCH transmission by a first UE, the total processing time between the first UE receiving an UL cancelation indication and the start of the PUSCH transmission at a second UE should include the power ramp down time at the first UE.
[image: ]
[bookmark: _Ref7106575]Figure 1 cancelation of a first PUSCH by a second scheduled PUSCH

Reliability of cancelation indication
A major concern with UL cancelation indication is that it has to be detected with very high reliability because if it is missed the URLLC UE becomes a victim to interference from the non-URLLC UE. A remedy is to set a lower target BLER for the UL cancelation indication, possibly on the same order as the URLLC target PDCCH BLER. This increases the blocking probability as both a scheduling assignment and a cancelation indication are transmitted using high AL. When use a re-scheduled UL grant to trigger the cancelation, the reliability of the re-scheduled UL grant should also reach a high level.
Observation 5: UL cancelation indication should be transmitted with high reliability to avoid interference from an ongoing non-URLLC PUSCH because of miss detection. 
As a simple example consider the case of a 1-symbol CORESET with 96 RBs and on average AL8 PDCCH candidates are used to schedule URLLC UEs. To enable UL cancellation, a PDCCH containing UL interruption should also be scheduled at the same time. Therefore, since the PDCCH capacity supports two AL candidates, one PDCCH can schedule a DL assignment or UL grant while the other may be used to indicate a potential UL interruption. There is therefore a tradeoff between PDCCH overhead (increased BW or additional symbols) for providing cancelation indication versus system spectral efficiency or PDCCH blocking when additional URLLC users need to be scheduled. 
In order to guarantee URLLC transmission reliability, gNB should cancel eMBB PUSCH which is transmitted on the resources overlapping with URLLC PUSCH as soon as possible. Denser monitoring occasion for a search space related to UL cancelation indication is critical considering the latency requirement.  One typical example is UE may have to monitor UL CI per 2 OS. Considering the high reliability of UL CI, larger AL should be used, e.g. AL 8 or AL 16. Even only one AL 8 PDCCH candidate is configured for each MO, 56 CCEs are required and the UE capability certainly becomes a limited factor. Therefore, the PDCCH overhead reduction should be seriously investigated. The following mechanisms targeting to reduce the additional PDCCH overhead brought by UL cancelation indication can be considered:
· UE monitors PDCCH carrying UL cancelation indication only within a window and skips all the PDCCH monitoring occasions related to UL cancelation indication which are out of the window. The UL cancelation indication monitoring window starts after the very first symbol where the UE successfully decodes a UL grant scheduling a UL transmission with lower priority and the ends at the symbol which is N symbols prior to the starting symbol of the PUSCH scheduled by the same UL grant.  As UE doesn’t need to monitor PDCCH within every monitoring occasion corresponding to UL cancelation indication, the PDCCH overhead can be significantly reduced.


Figure 2: A monitoring window for UL cancelation indication monitoring
· Generally speaking, more than one PDCCH candidates are included within a search space in order to achieve link adaptation and obtain better spectral efficiency. One solution is to only configure large ALs for UL CI transmission in order to achieve the reliability. However, it will be redundant when channel condition is pretty good. Actually UE could determine which AL it needs to monitor based on the reception of the previous UL grant.  As the previous UL grant and UL CI is usually received within a same slot, the channel condition will not change drastically. A possible way to go is UE only monitors partial PDCCH candidates within the UL CI search space which are selected based on the AL of previously received UL grant. For example, UE receives a UL grant scheduling an eMBB PUSCH with AL1, it only needs to monitor its UL CI PDCCH candidates with AL4. The detailed relationship of PDCCH candidates between scheduling search space and UL CI search space could be further studied.
Proposal 3: A monitoring window could be defined for UL cancelation indication monitoring. Furthermore, the aggregation level used for UL cancelation indication can be derived from the PDCCH reception which schedules an interfering PUSCH with lower priority.

The prioritization/multiplexing with other UL transmissions
There were short discussions at last meeting whether the other UL transmissions except PUSCH can be cancelled when disturbing a URLLC PUSCH.  
· URLLC PUSCH vs. eMBB PUCCH
Cancelling a PUCCH with multiple ACK/NACK information will deteriorate eMBB transmission severely. In general, gNB should strive to avoid scheduling a URLLC PUSCH on the resources overlapping with other UE’s PUCCH since the information transmitted on PUCCH, i.e. SR/ACK/NACK, is important. One typical configuration is to allocate the PUCCH resources at band edge and schedule PUSCH transmission within the left part.  
The same mechanism can be applied to type1 grant free transmission. gNB should avoid any potential overlapping between PUCCH resources and configured resources at the first place. 
· URLLC PUSCH vs. eMBB SRS/PRACH
In order to ensure high reliability of URLLC transmission, network should strive to avoid the interference by SRS/PRACH.  SRS could be configured with up to 4 consecutive OFDM symbols and starting at any OFDM symbol within the last 6 symbols in a slot. In Rel-15, it is gNB’s implementation to avoid the collision between PUSCH and SRS. The same method could be reused for URLLC PUSCH. If collision between URLLC PUSCH and SRS occurs, gNB could indicate the victim UE to boost transmission power.
Proposal 4: The collision of URLLC PUSCH and eMBB PUCCH/SRS/PRACH should be avoided by resource configuration or scheduling.

Enhanced UL power control
Enhanced power control seeks to dynamically boost the TX power for a URLLC UE to promote reliable PUSCH reception in the presence of a non-URLLC (e.g. eMBB) transmission. The open loop TX power for 1 PRB for UE k is given by,

Open loop power control is to set the power to meet the target SINR by compensating the propagation loss and other physical channel processing gains and adjustment to the UL transmission bandwidth. In UL inter UE multiplexing scenario, the URLLC UE suffers the additional interference from eMBB traffic, the related power compensating  should meet, 

where the   is the interference from neighbor cell and  is the noise power. The  is the interference from multiplexing eMBB PUSCH.
UEs in the same cell have different properties such as MCS, path loss, allocated resource, etc.. If several configured power boosting parameters with same step are defined, i.e. 6dB power boosting step, it is an inaccurate method as lower power boosting cannot accommodate the interference from overlapping eMBB PUSCH and higher power boosting would lead to heavy interference to neighbor cell UEs. Therefore, in order to achieve accurate power boosting, it should take into account the interference from overlapping eMBB PUSCH, a possible solution is the gNB can indicate a power offset based on the configured target power P0_eMBB_PUSCH   of the interfering UE. The P0_eMBB_PUSCH could compensate the interference from multiplexing and it also supports fractional power compensating to mitigate the inter-cell interference.
Proposal 5: The transmission power of interfering UE should be taken into account for URLLC UE power boosting so as to achieve a more accurate power control. 
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]For non-fallback scheduling DCI, the indication of open-loop parameter sets could be achieved by DCI with SRI filed. But for fallback scheduling DCI, it only supports semi-static indication since SRI does not exist. As agreed in [2] the power control set  can be dynamically indicated by DCI without using SRI in contrast to the Rel-15 specification. This implies either a new URLLC DCI format or a re-purposing of an existing field in DCI 0_0.
Proposal 6: A new URLLC DCI format or a re-purposing of an existing field in DCI 0_0 for indication of open-loop parameter is supported.
Conclusion
This contribution investigated the benefits and drawbacks of inter-UE multiplexing mechanisms. We have the following observations:
Observation 1: The benefit of group common PDCCH is unclear since it depends on the specific group common DCI design and requires additional PDCCH resources. 
Observation 2: PDCCH for retransmission is necessary for non-URLLC UE after it cancels PUSCH, regardless of the indication is based on group-common or UE-specific.
Observation 3: A non-URLLC UE configured to monitor for UL cancelation indication must be able to process the UL cancelation channel at least as fast as the PUSCH preparation time for the URLLC UE.
Observation 4: For an ongoing PUSCH transmission by a first UE, the total processing time between the first UE receiving an UL cancelation indication and the start of the PUSCH transmission at a second UE should include the power ramp down time at the first UE.
Observation 5: UL cancelation indication should be transmitted with high reliability to avoid interference from an ongoing non-URLLC PUSCH because of miss detection. 
In addition we propose that 
Proposal 1: Confirm the working assumption achieved at RAN1#96bis meeting 
Working assumption:
· PDCCH is used for UL cancelation indication 
· The Working assumption can be revisited if the DCI for cancelation indication only carry very small number of information bits, e.g. 1 bit. 
Proposal 2: After detecting an UL cancellation indication, stop without resume is preferred for simplicity and overhead reduction.
[bookmark: _GoBack]Proposal 3: A monitoring window could be defined for UL cancelation indication monitoring. Furthermore, the aggregation level used for UL cancelation indication can be derived from the PDCCH reception which schedules an interfering PUSCH with lower priority.
Proposal 4: The collision of URLLC PUSCH and eMBB PUCCH/SRS/PRACH should be avoided by resource configuration or scheduling.
Proposal 5: The transmission power of interfering UE should be taken into account for URLLC UE power boosting so as to achieve a more accurate power control. 
Proposal 6: A new URLLC DCI format or a re-purposing of an existing field in DCI 0_0 for indication of open-loop parameter is supported.
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