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1. Introduction
In RAN#81 plenary meeting , RP-182089 – revised “New SID on Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC)”[1] was approved.  One of the objectives is 
Enhanced multiplexing considering different latency and reliability requirements (RAN1): 

UL inter UE Tx prioritization/multiplexing

In RAN1#94 meeting[2], the agreements from offline discuss for  UL inter UE Tx prioritization/multiplexing ,
Agreements:

•
RAN1 to study the potential enhancements for UL inter UE Tx prioritization/multiplexing

· Performance study of the enhanced UL inter UE Tx prioritization/multiplexing mechanisms using Re-15 mechanisms as the performance benchmark

· The use cases and scenarios adopted in L1 enhancements for URLLC are considered for the evaluation of UL inter UE Tx prioritization/multiplexing

· Other factors to be considered such as overhead, capability, etc.

· Study the UE UL cancelation mechanisms, including at least the following aspects

· The potential mechanisms may include UE UL cancelation/pausing indication, UL continuation indication, UL re-scheduling indication

· Physical channel/signal used for the UL cancelation indication 

· UE Processing timeline for the UL cancelation indication

· UE monitoring behaviours for the UL cancelation indication

· UE PDCCH monitoring capability, if the UL cancelation indication is by PDCCH

· Methods to ensure the reliability of the indication for UE UL cancelation

· Study the UL power control enhancements

· Study other enhancements for the multiplexing between a grant-based UL transmission from a UE and a grant-free UL transmission from another UE
In RAN1#94b meeting[3], agreements of power control scheme for UL inter UE Tx prioritization/multiplexing, 

Agreements:

· Potential UL power control enhancements are to be studied further:

· Enhanced dynamic power boost for URLLC UE

· Dynamic change of power control parameters, e.g. P0, alpha without SRI configured

· Enhanced TPC, e.g. increased TPC range, finer granularity

· Currently, the need of URLLC UE power change during one transmission instance is not envisioned

· Study the Enhanced dynamic power boost for URLLC UE, including at least the following aspects

· Feasibility of boosting UE power in power limited or interference limited scenarios

· Physical channel/signal used for the signalling 

· UE Processing timeline for the signalling

· UE monitoring behaviours for the signalling

· UE PDCCH monitoring capability, if the signalling is by PDCCH

· Methods to ensure the reliability of the signalling

· Type of gNB receiver should be reported

· Note:

· Other power control enhancements are not precluded. 

· No change of eMBB UE power control scheme is assumed in this study.

In RAN1#95 meeting[4], agreements of power control scheme for UL inter UE Tx prioritization/multiplexing,
Agreements:

· Detailed modelling shall be described, including at least the following

· For UL cancelation indication: UE monitoring periodicity, processing timeline, cancelation with or without resuming

· For power control: exact power control scheme, e.g. semi-static or dynamic power control with details

· Retransmission modelling

In RAN1#ad hoc 1901[5], agreement of UL cancelation indication scheme for UL inter UE Tx prioritization/multiplexing,
Agreements:

Capture the following in TR 38.824 section 7.2.1“UE UL cancelation mechanisms”

UE UL cancelation mechanism is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. Either PDCCH or sequence can be considered as potential options for the UL cancelation indication. If PDCCH is used, either group common DCI or UE-specific DCI can be considered as potential options. If sequence is used, either group common sequence or UE-specific sequence can be considered. The monitoring periodicity for the UL cancelation indication should be configurable by the gNB and UE supporting UL cancelation indication should be able to support more than one monitoring occasions for the UL cancelation indication in a slot. If PDCCH is used, whether the UE PDCCH monitoring capability (number of CCEs/BDs per slot) should be increased is to be further investigated. The UE processing time for UL cancelation indication should be equal or shorter than N2 defined in Rel-15 UE capability#2. Upon detecting an UL cancelation indication, UE cancels the corresponding UL transmission. The corresponding UL transmission may include an on-going UL transmission, or an UL transmission that has not been started. After cancelation, the UE may resume the transmission afterwards as one option, or may not resume the transmission afterwards as another option.

Aim to downselect the option(s) in RAN1#96 as indicated in the above text (including no additional enhancements related to the above options due to this SI)

In this contribution, the UL inter-UE cancelation mechanism by UE UL indication was discussed.  A scheme for grant free UE UL transmission is discussed. 
2. Issues Discussion
Grant-based (eMBB) UL transmission is scheduled larger duration resource and other (URLLC with higher priority) UL transmission is transmitted with shorter duration (either grant-based or grant-free), the contention conflict problem is occurred when part of resource for eMBB UL transmission being overlapped by URLLC transmissions. Grant-based and grant-free URLLC UE UL transmission scheme are studied. 
Collision handling of UL inter-UE multiplexing over different reliability is more challenging due to coordination between UEs with different traffic types. In the meantime, intra-UE UL multiplexing should not conflict  to the inter-UL multiplexing design scheme. 
•
Grant-based URLLC UE UL transmission
eMBB UE UL transmission was granted with a resource which may be dynamic allocated to later inter-UE URLLC  UL transmission. In the grant-based  transmission case, cancelation notification can be sent by URLLC UE. This cancelation notification can be an SR which using a specific SR configuration. When serving gNB detects such notification, the currently processing of DL or UL operation for eMBB UEs which using overlapped resource could be suspended/pre-emptied for protecting URLLC UL data received at gNB. 
Observation1.  Sending URLLC UE’s SR with a cancelation notification to gNB can be further discussed.
gNB will generate the cancelation signal and transmit it to block eMBB UE’s granted UL transmission on the already scheduled resource. The scheduled eMBB UEs using the shared resource with URLLC UE should be aware of the collision possibility when it was granted. Such eMBB UE needs to monitor all possible PDCCH locations in CORESETs/search spaces carrying cancelation indication in a specific DCI or pattern. 
Observation2. The UL cancelation indication can be carried by PDCCH.
Minislot level monitoring period. 

eMBB UE should monitor the indication in advance to know UL transmit or not.  When monitoring period is slot level, the indication can be transmitted in DCI by GC or specific. But the processing time will be large than N2 of the URLLC UE UL TX with mini slot level for its latency requirement. When monitoring period is mini slot level, the monitoring overhead will be high for eMBB UEs.  The capability should be specified in R16 via further discussion

The indication should be sent on the URLLC scheduling scale. The time, from the end of such indication to the beginning of eMBB UE stop/continue its UL transmission, should be less than the N2  of URLLC  UE. This will increase the complexity of eMBB UE supporting such cancelation scheme. For saving the monitoring overhead , the monitoring can be active after the eMBB UL grant is received and stop when eMBB UL tx is completed. 

Observation 3: Monitoring period should be short enough for cancelling UL transmission of eMBB UE using shared resource. Mini-slot level is preferred in small SCS.

In DL inter UE multiplexing, the pre-emption can be received after URLLC event occurred. It’s different consideration for UL cancelation scheme. UL cancelation indication should be transmitted quickly and awared by eMBB UEs before URLLC uplink transmission. It is well known such signal exchanging between gNB and UE will spend some little time and cause inevitable delay in such grant-based scheme.  
For the cancelation scheme, there are two possible ways. One is pre-emption indication. When granted eMBB UE receive the pre-emption indication and there is enough processing time to decode it,  the granted eMBB UE will stop/suspend the UL transmission. The retransmission scheme needs further study for either delay/resume by a configured interval or be re-scheduled. Another way, cancelation indication can act as a continuation indication. gNB will send the continuation indication in a pre-configured time before the eMBB UL transmission in the shared resource and won’t send the continuation indication after receiving SR from URLLC UE. The continuation indication will send with a period which consider the N2 of potential URLLC UL and the eMBB UE’s capability for monitoring. The granted eMBB UE which UL transmission is scheduled in the shared resource will monitor the continuation indication. If such indication is detected before its UL transmission, it will do its current UL transmission. If no such indication is detected before its UL transmission, it will pause its current UL transmission. The retransmission of paused UL transmission can have several solutions. One is the gNB grants the eMBB UE using shared resource with multiple possible resources for UL transmission. UE can prepare its duplicated UL transmission in these possible transmission occasions and transmit  only when the continuation indication is decoded right. The acknowledge handshake of continuation Indication can be further studied. For very urgent case, dedicated resource will be allocated for such URLLC UE. The multiplexing scheme is not suitable. 
This scheme will be suitable for grant-based URLLC UEs with delay tolerant application, but introducing much overhead on eMBB UEs to monitor cancelation signal on the scale of mini-slot which could be short as 2 OFDM symbols.  Consider the reliability of URLLC UEs and complexity of eMBB UEs, an adaptive monitoring mechanism should be defined. For example, eMBB UE may trigger the additional monitoring occasions when gNB assign the shared grant-based resource to it, and eMBB UE will know this situation based on some kind of signalling. The gNB will base on the requirement of URLLC UL traffic and eMBB capability to schedule the shared resource to granted eMBB UE. 
Proposal 1: A mechanism to adjust monitoring period is necessary for reducing the overhead of receiving UL cancelation signal at the eMBB UEs,.
Higher reliability (up to 1E-6 level) requirement is in the objective of SID. The design of Pre-emption Indicator ,either pattern or PDCCH based, needs to consider the reliability of PI. The pre-emption signal should be received by related eMBB UE with high reliability at least in the same reliability of URLLC UE. Otherwise the reliability of URLLC UL tx will be bounded by the reliability of PI. 
For achieving the reliability requirement, the pre-emption signal design will use more resource. Time extension is not considered , due to the low latency. Frequency extension up to whole BWP width is feasible but increasing overhead of eMBB UEs. If PI can’t decode correctly , the eMBB UE will transmit its UL data and collide with URLLC UL transmission. This will interfere the URLLC UL and degrade its reliability. 

The continuation indication will be more suitable for the high reliability requirement since missing detection by eMBB UE will stop the UL transmission, it won’t degrade the URLLC UE UL transmission. The reliability robustness of continuation indication will be bounded by its possibility of false alarm.  For continuation indication scheme, a preconfigured time before its UL transmission for monitoring the continuation indication can be set . The preconfigured time should be less than the shortest URLLC UE N2 time in the network to avoid the collision due to eMBB using sharing resource for its UL transmission. 

Proposal 2: UL cancelation signal scheme should meet the requirement of high reliability.
•
Grant-free UE Transmission
The collision of grant-free(URLLC) UE and other grant-based (eMBB) UEs using shared resource needs to be avoided. When the collision occurs, one solution is to power boosting the grant-free UE UL transmission. Boosting the UL TX power will cause the interference for other granted UE UL traffic using same shared resource. If URLLC UE is near the cell edge, this will affect  other UE in neighbour cell, i.e., inter-cell interference due to the power boosting. The overall system performance will be degraded. And more, the cell edge URLLC will have limited power budget to boost. 
One solution is to reduce the UL transmission power of the granted UE in the shared resource region whenever grant-free UE is UL transmitting or not. It needs further study how much power needs to be reduced to ensure grant-fee UE UL transmission satisfying the performance requirement. 
The grant-free UE can perform channel sensing before UL resource selection to avoid the collision,. This scheme will introduce additional sensing time period. It is challenging to know accurate range of occupied resource of grant-based traffic if we only rely on channel sensing.
Grant -free UE can identify the resource occupied by grant-based  UEs precisely and timely when grant free UE is capable to receive and decode grant-based UEs’ UL grant information. The resource scheduled for grant-based UE will be precluded by Grant-free UE before choosing its UL Tx resource.  The group common control channel will reveal the time-frequency resource range allocated to grant-based UEs,   the grant free UE can exclude to use the occupied  resource of granted-based UE based on the this information. 
The above scheme could prevent possible collisions in regular case. In heavy traffic case , the collision is still unavoidable and more aggressive scheme needs to consider.  In grant-free transmission, there is no SR from grant-free UE received by gNB. The grant-free UE could use the cancelling signal to prevent grant-based UEs’ transmission immediately. This cancelling signal could carry by direct link  between grant-free UE and grant-based UE, and the related directly link signalling design can be further studied.  The UL timing mismatch between grant-free UE and grant-based UE will cause the ambiguity of the exact location of the collision resource at both kind of UEs and also the actually pre-empted resource received at gNB. The power control of this grant-free UE initiated cancelling signal needs to further consider the coverage range and possible induced interference.

The gNB could try to detect grant-free uplink transmission even it is corrupted by grant-based transmission. The gNB can detect the DMRS signal of the grant-feee UE and send cancelling signal to gran-based UEs to pause the following transmissions, this will avoid the re-collision with grant-free UE’s repetition or re-transmissions. When the grant-free signal is interfered by grant-based UEs, the detecting complexity and reliability of gNB for grant-free UE need to further study. 
Proposal 3: The grant-free UE could receive information of grant-based UEs’ occupied resource. This will prevent the potential collision between grant-free UE and grant-based UEs using sharing resource. 
3. Conclusion

In summary,  the following proposals are provided. 
Observation1.  Sending URLLC UE’s SR with a cancelation notification to gNB can be further discussed
Observation2. The UL cancelation indication can be carried by PDCCH.
Observation 3: Monitoring period should be short enough for cancelling UL transmission of eMBB UE using shared resource. Mini-slot level is preferred in small SCS.
Proposal 1: A mechanism to adjust monitoring period is necessary for reducing the overhead of receiving UL cancelation signal at the eMBB UEs,.
Proposal 2: UL cancelation signal scheme should meet the requirement of high reliability.
Proposal 3: The grant-free UE could receive information of grant-based UEs’ occupied resource. This will prevent the potential collision between grant-free UE and grant-based UEs using sharing resource.
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