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Introduction
New Rel-16 WID on 5G URLLC describes the following item for uplink inter-UE multiplexing/prioritization [1].
	· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]
· UL cancelation scheme (see section 7.2.1 in TR 38.824) 
· Enhanced UL power control scheme (see section 7.2.2 in TR 38.824) 


In this contribution, we first analyze the worst-case achievable latency without multiplexing scheme. Then, we discuss potential solutions for UL cancelation  schemes and UL power control enhancements for eMBB/URLLC uplink inter-UE multiplexing.
Discussion
URLLC use cases and target requirements are listed in Table 1 [2]. Power distribution, factory automation, and AR/VR are expected to deploy a mix of URLLC and eMBB UEs on shared carrier. 
Table 1 Key URLLC use cases
	Use case
	Traffic 
	Latency
	Reliability

	Power distribution
	periodic and aperiodic
	5 ms (e2e) / 2-3 ms (air)
	99.9999%

	Factory automation
	periodic
	2 ms (e2e) / 1 ms (air)
	99.9999%

	AR/VR (Rel-15)
	aperiodic
	1 ms, 4 ms (air)
	99.999%

	Transport industry
	periodic and aperiodic
	5 ms (e2e) / 3 ms (air)
	99.999%



Uplink dynamic multiplexing solutions are useful when URLLC packet transmission timing cannot be predicted. With periodic URLLC traffic, network is aware of the URLLC packet arrival timing, and hence eMBB/URLLC preemption can be avoided by implementation at the gNB scheduler. 
Observation 1: UL dynamic multiplexing methods are not useful with periodic URLLC traffic.
Hence, power distribution and AR/VR use cases can benefit from UL multiplexing. 
In the following, we analyze the worst-case latency scenario to determine the necessity for dynamic multiplexing based on the strict latency requirement of these two use cases (i.e., 2ms and 1ms). We assume that frequency resources are limited, hence URLLC PUSCH must be scheduled on the same frequency resources as eMBB PUSCH. 
Let us consider an eMBB PUSCH scheduled for an upcoming slot (see Figure 1). We assume that a URLLC SR is received at gNB at the earliest possible symbol while not allowing gNB scheduler an opportunity to allocate URLLC PUSCH resources prior to the starting symbol of eMBB PUSCH. In other words, the following constraint must hold to create the worst-case SR arrival time for latency: 
· K2URLLC + LURLLC > X
where LURLLC is the URLLC PUSCH length (e.g., 4-os), and X is the number of symbols from the URLLC SR position (i.e., symbol index) to the end of its slot (see Figure 1). Note that if URLLC SR arrives at an earlier symbol, gNB can schedule URLLC first before eMBB PUSCH starts without preemption. We omit such possibility with the above constraint to analyze the worst-case scenario. The objective of this analysis is to avoid preemption by scheduling URLLC PUSCH after eMBB PUSCH is completed, and calculate the achievable latency to see if the URLLC latency requirements can be fulfilled without UL dynamic multiplexing.
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Figure 1: Necessity for UL dynamic multiplexing in terms of URLLC latency requirements.

Let us now denote the length of eMBB PUSCH by LeMBB and the length of URLLC PUSCH by LeMBB (in terms of symbols). The URLLC PUSCH can be scheduled right after eMBB PUSCH without causing preemption as long as the following inequality holds for latency requirement:
· X + LeMBB + LURLLC < T – {SR processing delay at gNB}
where T denotes the maximum acceptable PHY latency (i.e., 1ms or 2ms depending on the use case).
We can now calculate the minimum PHY latency achievable without causing a preemption occurrence under this worst-case scenario. We make the following assumptions first to simplify the calculation. 
· LURLLC = 4
· LeMBB = 14
· SCSURLLC = SCSeMBB = 30 KHz
· K2URLLC is set to minimum N2 capability-2 [3] (i.e., N2URLLC = 5.5 symbols at 30 KHz SCS)
· K2eMBB = is set to minimum N2 capability-1 [3] (i.e., N2eMBB = 12 symbols at 30 KHz SCS)
· SR processing delay at gNB is assumed to be zero
The minimum achievable latency can be computed as follows (in terms of symbols):
·  (
4 symbols
) (
14 symbols
)X   +   {SR processing delay at gNB}   +   LeMBB   +   LURLLC        =   27 symbols ≈ 0.96 ms
 (
0 symbol
) (
9 symbols
)

The achievable air latency under the worst-case scenario is 0.96 ms for 30 KHz SCS. The rest of the results for all combinations of SCS values are listed in Table 2. Based on these findings, we make the following observation.
Observation 2: UL dynamic multiplexing is not needed to satisfy 2ms URLLC latency requirement for all SCS configurations.
Observation 3: UL dynamic multiplexing is not needed to satisfy 1ms URLLC latency requirement for all 30 KHz and 60 KHz SCS configurations. 

Table 2 Worst-case achievable UL latency (over-the-air) without causing any preemption.
	
	URLLC numerology

	
eMBB numerology
	
	15 KHz
	30 KHz
	60 KHz

	
	15 KHz
	1.86ms
	1.46ms
	1.32ms

	
	30 KHz
	1.36ms
	0.96ms
	0.82ms

	
	60 KHz
	1.11ms
	0.71ms
	0.57ms



We can now re-calculate these latency results by taking into account the possibility of re-scheduling eMBB PUSCH. As long as there is sufficient processing time for eMBB UE to decode another scheduling DCI (i.e., minimum K2’eMBB symbols), the previously assigned eMBB PUSCH transmission can be postponed to another slot by gNB. Specifically, the following constraint must hold to satisfy successful DCI decoding at UE (based on its Rel-15 processing capability):
· K2’eMBB  < Y , where  Y < X - {DCI encoding time at gNB}
where K2’eMBB denotes the K2 parameter for the second scheduling DCI, and Y is the number of symbols from the second DCI position (i.e., symbol index) to the end of its slot (see Figure 2). 
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Figure 2: Re-scheduling eMBB PUSCH with a second scheduling DCI.

Let us make the following additional assumptions for the second DCI that intends to re-schedule eMBB PUSCH:
· K2’eMBB is set to minimum N2 capability-2 [3] (i.e., K2’eMBB = 5.5 symbols at 30 KHz SCS)
· DCI encoding time at gNB is assumed to be zero
· If eMBB UE is able to decode the second DCI, its PUSCH shall be postponed to another slot to prioritize uplink resource assignment for URLLC PUSCH.
Now we can calculate the minimum achievable latency for URLLC under the worst-case scenario as follows (in terms of symbols):
· If  K2’eMBB < Y:
· Achievable URLLC latency:
· X + {SR processing delay at gNB} + LURLLC
· Else:
· Achievable URLLC latency:
· X + {SR processing delay at gNB}+ LeMBB + LURLLC

The results for all SCS combinations are listed in Table 3. As shown, URLLC latency performance can significantly improve when eMBB UE PUSCH is re-scheduled by gNB. Note that decoding criterion of re-scheduling DCI depends on available Rel-15 processing capabilities. The calculations have taken into account the cases where eMBB UE processing time was insufficient, and for those cases URLLC PUSCH is scheduled after eMBB PUSCH transmission takes place without re-scheduling (i.e., same analysis used in Table 2).  
Table 3 Worst-case achievable UL latency (over-the-air) without preemption with eMBB PUSCH re-scheduling.
	
	URLLC numerology

	
eMBB numerology
	
	15 KHz
	30 KHz
	60 KHz

	
	15 KHz
	0.86ms
	1.46ms
	1.32ms

	
	30 KHz
	0.86ms
	0.46ms
	0.32ms

	
	60 KHz
	0.86ms
	0.46ms
	0.32ms



Based on the results in Table 3, we have the following observation:
Observation 4: Re-scheduling eMBB PUSCH based on Rel-15 processing times can improve latency performance below 1ms for most SCS scenarios.

Uplink transmission cancelation/interruption
During R16 eURLLC SI phase [2], cancelation indication, continuation indication, and re-scheduling indication options were discussed. Other issues are the type of the physical channel/signaling, UE monitoring behavior, whether to use group-common or UE-specific search space, control channel monitoring capability, and how to ensure reliability of the indication. 
UL interruption indication can be carried in a group-common signal, UE specific signal, or in a sequence based signal. It is preferred not to introduce a new physical channel or signaling to minimize monitoring and detection complexity. Hence, an existing NR DCI format is more suitable for UL interruption indication rather than a new sequence-based scheme.
We propose the following. 
Proposal 1: No new PHY channel or DCI format is introduced for uplink cancellation indication.

Another issue discussed during SI stage was whether UL cancelation signal should be allowed to resume the interrupted eMBB PUSCH in the same slot after the preempted URLLC symbols. In our view there are several issue with such continuation type solution. First, if the preempting URLLC PUSCH overlaps with some of the DMRS positions of eMBB PUSCH, decoding performance will be impacted. Another reason is unnecessary power consumption at eMBB UE due to more frequent power amplifier ramp-up/ramp-down in a slot. Furthermore, potential gain in spectral efficiency with such continuation indication would be limited as eMBB UE PUSCH would still likely need to be re-scheduled.
Hence we have the following proposal.
Proposal 2: Continuation or suspend-and-resume indication is not supported for uplink cancellation indication.

Control signaling overhead is another concern with uplink cancelation indication. Since URLLC dynamic scheduling grants are assigned in mini-slot level periodicity, eMBB UE should monitor cancelation indication, at least, with the same monitoring periodicity level as URLLC UE. Since eMBB transmissions are typically scheduled at slot level, a new indication signal monitored at mini-slot level would require high control overhead. 
An uplink cancelation indication on a group-common DCI format would need high ALs to ensure detection reliability. When the DCI signaling cancelation indication is located in common PDCCH search space, control resources cannot be used for UE-specific DCI scheduling PUSCH even if there is no URLLC preemption in the slot. This limitation does not exist for UE-specific DCI-based cancelation indication. Moreover, after a cancelation indication is signaled, preempted eMBB UE’s PUSCH is likely to be re-scheduled on other resources. Hence, use of a group-common cancelation indication would require a separate UE-specific scheduling DCI for each preempted eMBB UE. On the other hand, a UE-specific cancelation signal can indicate the preempted resources and offer re-scheduling resources at the same time.
We have the following observations. 
Observation 5: Group-common transmission interruption indication causes high control overhead.
Observation 6: UE-specific DCI format 0_0 and format 0_1 can interrupt & re-schedule eMBB PUSCH, therefore control overhead can be reduced in comparison to group-common DCI-based cancelation.

In summary, UE-specific DCI-based cancelation indication does not require as much control resources as group-common indication, and it is preferable to re-use one of the existing DCI formats in NR Rel-15. 
Hence, in our view, best design option for cancelation indication is to re-use an existing UE-specific DCI format to eMBB UEs. As it is preferable to keep control overhead low, an uplink scheduling DCI format (i.e., DCI format 0_0 and/or 0_1) can be re-used to indicate preempted resources in uplink. 
When an uplink preemption is indicated, some of the existing fields in DCI format 0_0 and 0_1 are not needed. Hence, one of such existing fields (e.g., HARQ process ID, MCS, etc.) can be set to all ‘0’s or all ‘1’s as validation bits. If an eMBB UE detects an uplink scheduling DCI with such field values, the DCI is interpreted as an uplink cancelation indication. Some of the other fields (i.e., time-domain RA, frequency-domain RA) can be used to point to the preempted resources by URLLC. 
We have the following proposals.
Proposal 3: UE-specific DCI format 0_0 and/or 0_1 is used to interrupt/cancel eMBB PUSCH and re-schedule the PUSCH on other resources.
Proposal 4: Some of the existing fields in DCI format 0_0 and/or 0_1 are used as validation bits to indicate the preempted resources by URLLC PUSCH, and new re-scheduled resources for eMBB PUSCH.

Uplink transmission power boost
During R16 eURLLC SI phase [2], potential enhancement to uplink power control were discussed for URLLC power boost. Discussed schemes include dynamic change of power control parameters (e.g., P0 and alpha) and enhanced TPC. 
As shown in evaluation results [2], 3 dB power boost is sufficient to decode URLLC PUSCH in some preemption cases. In addition, more dramatic power boost has concerns related to UE power-limited scenario and potentially severe interference at cell edge. Hence, in our view, dynamic P0/alpha adjustments have limited benefits. 
We propose the following.
Proposal 5: Dynamic P0 or alpha adjustments are not supported for URLLC transmission power boost.
Instead, TPC based enhancements can be considered. One approach is extending TPC range by introducing multiple tables or by making some of the TPC table fields configurable. Another approach is increasing the granularity of the table. 
We have the following proposal.
Proposal 6: Enhancements to TPC can be considered by range extension.

Conclusions
We have the following observations:

Observation 1: UL dynamic multiplexing methods are not useful with periodic URLLC traffic.
Observation 2: UL dynamic multiplexing is not needed to satisfy 2ms URLLC latency requirement for all SCS configurations.
Observation 3: UL dynamic multiplexing is not needed to satisfy 1ms URLLC latency requirement for all 30 KHz and 60 KHz SCS configurations. 
Observation 4: Re-scheduling eMBB PUSCH based on Rel-15 processing times can improve latency performance below 1ms for most SCS scenarios. 
Observation 5: Group-common transmission interruption indication causes high control overhead.
Observation 6: UE-specific DCI format 0_0 and format 0_1 can interrupt & re-schedule eMBB PUSCH, therefore control overhead can be reduced in comparison to group-common DCI-based cancelation.
We have the following proposals:

Proposal 1: No new PHY channel or DCI format is introduced for uplink cancellation indication.
Proposal 2: Continuation or suspend-and-resume indication is not supported for uplink cancellation indication.
[bookmark: _GoBack]Proposal 3: UE-specific DCI format 0_0 and/or 0_1 is used to interrupt/cancel eMBB PUSCH and re-schedule the PUSCH on other resources.
Proposal 4: Some of the existing fields in DCI format 0_0 and/or 0_1 are used as validation bits to indicate the preempted resources by URLLC PUSCH, and new re-scheduled resources for eMBB PUSCH.
Proposal 5: Dynamic P0 or alpha adjustments are not supported for URLLC transmission power boost.
Proposal 6: Enhancements to TPC can be considered by range extension.
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