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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
In the previous meetings, evaluation assumptions and methodology for Rel-16 URLLC were discussed and agreed with a few remaining issues left for further discussion. This document firstly summarizes the remaining issues for evaluation assumptions based on the views expressed in the contributions submitted to agenda 7.2.6.4. This document also summarizes the evaluation results based on the contributions submitted to agenda item 7.2.6.4.
Remaining details on evaluation assumptions  
Several companies provide views on the remaining details for evaluation assumptions [1][8]10][13], which mainly address the FFS points from the previous agreements. In addition, some other additional considerations on evaluation assumptions are also discussed in several contributions [1][8][11][12]. This meeting would aim to address the remaining FFS points from the previous agreements. As to other considerations, if time permit can be discussed.  
Remaining issues for evaluation assumptions   
According to the agreements achieved from RAN1#94bis meeting, there are 3 FFS points for evaluation assumptions, including the value of X for the performance metric of URLLC capacity, aperiodic traffic model for transport industry and aperiodic traffic model for factory automation. 
  The value of X for the performance metric of URLLC capacity  
In RAN1#94bis meeting, the performance metric for Rel-16 NR URLLC evaluation was agreed as below:
Agreements:
The performance metric for Rel-16 NR URLLC evaluation is either option 1 or option 2 below:
· Option 1: Percentage of users satisfying reliability and latency requirements
· Intend for the case with fixed number of UEs and fixed traffic model per UE 
· Option 2: URLLC capacity as defined in TR 38.802 with the modification as below:
	-	URLLC capacity and URLLC / eMBB multiplexing capacity
-	Definition: URLLC system capacity is calculated as follows:
-	C(L, R) is the maximum offered cell load under which Y% of URLLC UEs in a cell operate with target link reliability R under L latency bound
-	X = (100 – Y) % is the percentage of UEs in outage
-	A UE in outage is defined as the UE can not meet both latency L and link reliability R bound
-	Companies report their assumption on X (e.g. 5% or 0%) 
- 	Companies report their assumption on the number of eMBB UEs deployed together with the URLLC UEs


· Intend for the case that the number of UEs and/or the data arrival rate is adjustable
· Adjusting the number of UEs should be applied to periodic deterministic traffic model 
· The value of X can be revisited in the next meeting 
One remaining issue on performance metric is the value of X for option 2 above. [R1-1812163, Ericsson] proposed to set the value of X to 5% considering random dropping of UEs is typically used for evaluation of system and link performance, while [Huawei, R1-1812219] proposed to set the value of X to 0%, because it seems not acceptable that some UEs in the deployed scenario cannot satisfy the requirements considering the requirement for URLLC is low latency and high reliability. [Qualcomm, R1-1813439] seems to prefer 0% for the value of X also at least for factory automation according to the discussion in the contribution. 
It was observed the main concern on setting the value of X to 0% is that re-dropping or discarding UEs not satisfying requirements is needed in the evaluations, which will increase the simulation workload. The main concern on setting the value of X to 5% is that it might mean that the target of Rel-16 URLLC design is to achieve 95% UEs satisfying the requirement. 
Since the requirement for URLLC is low latency and high reliability, Rel-16 URLLC design should strive for achieving the number of users satisfying requirement as much as possible, targeting 100% percent. In actual application scenarios, better deployment plan should be used to improve the number of users satisfying the requirement, even to guarantee that all users deployed in the service area can meet the requirement. It can be expected that better deployment plan is possible for power distribution, factory automation and Rel-15 enabled use cases, because in typical case UEs in these use cases don’t move or can move under control. However, for transport industry, it might be difficult considering the vehicles would move fast and usually would be difficult to control where the vehicles would go.   
According to the discussion in [R1-1812933, ZTE], it seems that the geometry CDF with re-dropping/discarding is almost the same as that without re-dropping/discarding for power distribution, factory automation and Rel-15 enabled use case. Therefore, even setting the value of X to 0%, re-dropping is not needed for these use cases. 
Based on the above inputs and analysis, considering that better deployment plan in practical application scenario is feasible for power distribution, factory automation and Rel-15 enabled use case, and re-dropping is not needed in the evaluations, we can consider to set 0% to these use cases. For transport industry, since better deployment plan is very challenging in the actual deployment to make sure UEs always under good geometry, we can consider to set 5% to the use case. However, the URLLC design still needs to try get the number of users satisfying the agreement as much as possible. 
Outcome from Wednesday:
Proposal 2.1-1: Companies report the value of X used in the evaluations (either 5% or 0%).
1. The value of X should be 0% if re-dropping is used in the evaluations. 

The above proposal 2.1-1 was agreed on Wednesday online session. 

Proposal 2.1-1: Rel-16 URLLC design should strive for achieving 100% percentage of users satisfying both reliability and latency requirements.
Proposal 2.1-2: For the performance metric of URLLC capacity,   
1. The value of X is 0% for power distribution, factory automation and Rel-15 enabled use case with macro scenario.
1. The value of X is 5% for remote driving and intelligent transport system.

	Company
	View

	DOCOMO
	In our view, the value of X is for the purpose of evaluation not the requirement. With lower X value, the target requirement is tighter, and with higher X value, the target requirement is looser. From our perspective, 0% outage is not achievable in the real network due to the real conditions. As a compromise, we propose to consider X=3%.

	
	

	
	

	
	



  Aperiodic traffic model for remote driving and ITS  
In RAN1#94bis meeting, the aperiodic traffic model was agreed to be evaluated for remote driving as shown in the agreement below. However, the details of the packet size, data arrival rate and data rate are still FFS.
Agreements:
· Evaluate aperiodic traffic model (FTP model 3) for DL for remote driving and ITS.  
· Companies report the packet size, data arrival rate and data rate
· Aim to conclude the packet size, data arrival rate and data rate in RAN1#95 meeting

[R1-1812388, ZTE] and [R1-1812219, Huawei] shared the views on the aperiodic traffic model for remote driving:
1. Model 1:2083 byte packets with Poisson-distributed arrival rate of 60 packet/sec for DL. 
3. ZTE, Huawei
1. Model 2:4166 byte packets with Poisson-distributed arrival rate of 30 packet/sec for DL.
4. Huawei

In addition, [R1-1812163, Ericsson] proposed a traffic model with DL data packet size 1250 bytes and FTP model 3 with arrival rate of 10 packet/sec for remote driving and ITS. 
As defined in TS 22.186, the date rate for DL for remote driving is 1Mbps. Among the above three proposals, the proposal from Ericsson doesn’t meet the 1 Mbps requirement. Maybe we can move forward with the following possible compromise solution:
Proposal 2.1-3: Take the following assumptions for evaluating aperiodic traffic model (FTP model 3) for DL for remote driving:
1. 2083 bytes packet size with Poisson-distributed arrival rate of 60 packet/sec 

Proposal 2.1-4: Take the following assumptions for evaluating aperiodic traffic model (FTP model 3) for DL for ITS:
1. 1250 bytes packet size with Poisson-distributed arrival rate of 10 packet/sec

  Aperiodic traffic model for factory automation   
In RAN1#94bis meeting, the periodic traffic model was already agreed for factory automation. But, the aperiodic traffic model needs further discussion as shown in the FFS point below:
•	FFS whether or not to additionally simulate aperiodic traffic model for factory automation, and if so, details (latency, packet sizes, etc.)

[R1-1812219, Huawei] proposed to take the use case defined in section 5.3.5 in TR 22.804 for control-to-control as the use case with aperiodic traffic model for factory automation, where non-cyclic traffic type is also defined. [R1-1812220, ZTE] proposed not to support aperiodic traffic model for factory automation because only the periodic traffic model is explicitly defined for motion control. However, in section 5.3.5 in TR 22.804, it is defined that data transmission on control-to-control networks typically consists of cyclic and non-cyclic data transfers. 
According to the TR 22.804, the packet size for control-to-control is 1000 packet size and the end to end latency could be 4ms with reliability of 99.9999%. Packet arrival rate is not defined in the TR 22.804. If 4 ms end-to-end latency is used, the maximum number of packets per second should not exceed 250. A smaller value can be considered for evaluation, e.g. 60 packets per second which might be used for remote driving. 

Outcome from Wednesday offline session:

Proposal 2.1-5: No need to additionally evaluate aperiodic traffic model for factory automation.

The above proposal 2.1-1 was agreed on Wednesday online session. 


Proposal 2.1-5: Evaluate aperiodic traffic model for factory automation (control-to-control communication as defined in section 5.3.5 in TR 22.804) with the following assumptions: 
1. 1000 bytes packet size with Poisson-distributed arrival rate of 60 packets/sec 
1. 4 ms end to end latency with 3 ms air interface latency
1. Reliability of 99.9999%
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  Confirm the working assumption on antenna configuration   
In RAN1#94bis meeting, the following agreement was reached for evaluating urban macro use cases:
Agreements:
· Reuse the gNB/UE Tx/Rx antenna ports number for power distribution use case for all urban macro use cases evaluated at 4 GHz.
· [bookmark: _Hlk528936481]If 16Tx/16Rx antenna ports are additionally used, adopt the following configuration (working assumption): (M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 8)
[R1-1812163, Ericsson] proposed to confirm the working assumption. Objection on this working assumptions is not observed. 

Outcome from Wednesday offline session:

Proposal 2.1-6: Confirm the working assumption: If 16Tx/16Rx antenna ports are additionally used, adopt the following configuration: (M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 8). 

The above proposal 2.1-1 was agreed on Wednesday online session. 

  Confirm the working assumption on channel model for 30 GHz   
In RAN1#94bis meeting, the following channel model was accepted as working assumption for all cases with indoor hot-spot and factory automation for 30 GHz: 
	Channel model
	(working assumption) CDL-A (delay spread: 20 ns) as in 38.901 



[R1-1812163, Ericsson] proposed to confirm the working assumption. Objection on this working assumptions is not observed. 
Outcome from Wednesday offline session:

Proposal 2.1-7: Confirm the working assumption: for indoor hot-spot and factory automation at 30 GHz, the channel model is CDL-A (delay spread: 20 ns) as in 38.901. 
The above proposal 2.1-1 was agreed on Wednesday online session.

	Company
	View

	DOCOMO
	We support this.

	
	

	
	

	
	



Other considerations on evaluation assumptions  
In addition to the above FFS points in section 2.1, some companies provide some considerations on the following aspects for evaluation assumptions. 
  Clarification on simulation bandwidth    
In RAN1#94bis meeting, simulation bandwidths were agreed for carrier frequencies, with 40 MHz for carrier frequency 4 GHz and 160 MHz for carrier frequency 30 GHz, respectively. On the other hand, duplex mode (FDD or TDD) is left to companies to report. 
[R1-1812163, Ericsson] proposed to clarify how the simulation bandwidth should be interpreted together with duplex mode as show below:
	Simulation bandwidth 
	40 MHz
NOTE: For FDD, 40 MHz for DL and 40 MHz for UL. For TDD, 40 MHz for DL/UL.



	Simulation bandwidth 
	160MHz
NOTE: For FDD, 160 MHz for DL and 160 MHz for UL. For TDD, 160 MHz for DL/UL.



It seems the proposal is straightforward and no harm to clarify it.
Proposal 2.2-1: Update simulation bandwidth in the tables of simulation assumptions for evaluation as below:
	Simulation bandwidth 
	40 MHz
NOTE: 
For FDD, 40 MHz for DL and 40 MHz for UL. Note that this is for evaluation purpose because there is no FDD bands identified at 4 GHz currently. 
For TDD, 40 MHz for DL/UL.



	Simulation bandwidth 
	160MHz
[bookmark: _GoBack]NOTE: For TDD, 160 MHz for DL/UL. No FDD bands identified at 30 GHz currently. 




	Company
	View

	DOCOMO
	Since 160MHz is agreed for 30GHz carrier frequency and there is no FDD band for 30GHz. Therefore, we propose to delete FDD for 160MHz simulation bandwidth. 

	
	

	
	

	
	



  Remaining assumptions for highway for remote driving   
For remote driving, high way scenario should also be the typical scenario. In the RAN1#94bis meeting, there was no enough time to set the assumptions for high way scenario. 
[R1-1812219, Huawei] provides simulation settings on the additional parameters for high way. Most parameters are the same as that for Urban Macro for transport industry. 
Considering highway is a typical use case for remote driving, the simulation assumptions can be included. 

Proposal 2.2-2: Take the simulation assumptions in the Table below for Rel-16 NR URLLC system level evaluation for transport industry with highway scenario:  
	Parameters
	Value

	Layout
	Single layer - Macro layer: Straight line BS placement with Road configuration in 36.885.

	Inter-BS distance
	1732m

	BS antenna height
	35m

	UE speed
	Vehicle speed is 140 km/h in all the lanes.

	Other parameters
	Same as the assumptions for Urban macro case
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	View

	
	

	
	

	
	

	
	



  Simulation assumptions for 700 MHz    
[R1-1812931, ZTE] proposed to complete the simulation assumptions for 700 MHz instead of leaving it to report by companies as agreed in the RAN1#94 meeting. The motivation is for companies to calibrate or compare the simulation results for 700 MHz. ZTE mentioned that it is motivated by operator and also consider 700 MHz as one of the deployment bands for URLLC is due to its lower coupling loss and good coverage. 
Considering that we already had the agreement to leave it for companies to report, usually it is not preferred to change the agreement. But agree with ZTE that 700 MHz is as important as 4 GHz, and according to the offline discussion it seems companies are ok to include this in the simulation assumptions.
Considering that 700 MHz is mainly used for urban macro scenario, we can reuse the assumptions agreed for urban macro at 4 GHz with modification of a few parameters as needed. 
Proposal 2.2-3: Reuse the system level simulation assumptions at 4 GHz for power distribution and transport industry with urban macro scenario for evaluating 700 MHz with the following modifications: 
	BS antenna configuration
	2 Tx/2 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (8,1,2,1,1;1,1)
(dH, dV) = (N/A, 0.8)λ
+45°, -45° polarization

Note: 4 Tx/4 Rx as agreed for 4 GHz should be evaluated also

	UE antenna configuration
	2Tx/2 Rx antenna ports
(M, N, P, Mg, Ng) = (1,1,2,1,1)

2 Tx/4 Rx antenna ports 
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Rx;
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1) for 2 Tx;
 
0°, 90° polarization

	Simulation bandwidth 
	10 MHz, 20 MHz   

Note: 10 MHz for DL and 10 MHz for UL for simulation bandwidth of 10 MHz; 20 MHz for DL and 20 MHz for UL for simulation bandwidth of 20 MHz

	SCS 
	30 KHz    
Note: Other values for evaluation are not precluded. 



Proposal 2.2-4: Reuse the link level simulation assumptions at 4 GHz for urban macro for evaluating 700 MHz with the following modifications: 
	BS antenna configuration
	2 Tx/2 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (8,1,2,1,1;1,1)
(dH, dV) = (N/A, 0.8)λ
+45°, -45° polarization

	UE antenna configuration
	2Tx/2 Rx antenna ports
(M, N, P, Mg, Ng) = (1,1,2,1,1) 

2 Tx/4 Rx antenna ports 
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Rx;
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1) for 2 Tx;

0°, 90° polarization

	Simulation bandwidth 
	10 MHz, 20 MHz   

Note: 10 MHz for DL and 10 MHz for UL for simulation bandwidth of 10 MHz; 20 MHz for DL and 20 MHz for UL for simulation bandwidth of 20 MHz

	SCS 
	30 KHz    
Note: Other values for evaluation are not precluded. 




In addition, ZTE also proposed some other consideration like minimum distance between gNB and UE. Since it was agreed to leave companies to report the tilt, companies can set an appropriate tilt to achieve appropriate SINR. Maybe we can leave the flexibility to companies. Companies are encouraged to check the proposal from ZTE paper.
ZTE also proposed to define the data arrival rate for Rel-15 enabled use case. However, as in the agreement different data arrival rate can be evaluated, and some company (e.g. Nokia) does provide evaluation for different arrival rate assumptions. It might be good to leave the flexibility here to better match the Rel-15 enabled use case to some specific use case. 
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 Evaluation results  
Based on the agreed evaluation assumptions, several companies provide some preliminary simulation results for different use cases. However, it was observed in several contributions that the limited time between RAN1#94bis and RAN1#95 meeting is not enough to get sufficient or stable results to make good conclusion. Therefore, in the following sections, most cases are left for further evaluating before make any conclusion now. 
  Evaluation results for power distribution     
[R1-1812933, ZTE] and [R1-1813682, Huawei] provide some preliminary system level simulation results for power distribution: 
	Contribution [Huawei, R1-1813682] 
[bookmark: _Ref528246445]Table 1 The ratio of UEs satisfying the required 6 ms latency and X reliability in case of 10 UEs per cell in the downlink transmission, while Y = 1-X
	
	Y=1e-5
	Y=1e-4
	Y=1e-3 

	Ideal Channel Estimation
	100%
	100%
	100%

	Realistic Channel Estimation
	100%
	100%
	100%



Observation 1: For 10 UEs per cell with 40 MHz bandwidth with the assumption of ideal control transmission, all UEs could satisfying the 6 ms latency and 99.999% reliability requirement for the downlink transmission in differential protection.



	Contribution [ZTE, R1-1812933] 
Preliminary results for power distribution grid fault and outage management:
	Total number of UE in all cells: 8*21=168
The number of UEs satisfying URLLC requirements: 168 (100%)
Cell Load: 0.0607  Mbps






Based on the above inputs, it was observed that almost 100 % percentage of UEs could meet the requirement of power distribution. One common assumption for the above simulation results is that a frame structure with all downlink slots are assumed for 4 GHz, which could be expected to show similar results for FDD case. Considering TDD is more typical for 4 GHz and also TDD is very important for NR, companies are encouraged to evaluate TDD at 4 GHz. More inputs on the simulation results are needed before making any conclusion on the simulation results. 

Proposal 2.3-1: Companies are encouraged to also evaluate TDD at 4 GH for power distribution.  
In addition, [R1-1812165, Ericsson] provide some link level simulation to show the performance of a single URLLC UE for power distribution. More inputs are needed before making any conclusion.

  Evaluation results for factory automation     
[R1-1813119, Nokia], [R1-1813330, NTT DOCOMO], [R1-1813440, Qualcomm] and [R1-1813683, Huawei] provide some preliminary system level simulation results for factory automation: 
	Contribution [Nokia, R1-1813119] 
Observation 1: For 2 ms traffic periodicity, the 1 ms latency requirement can be fulfilled for 40 UEs per cell in the downlink direction. Reducing the traffic periodicity to 1 ms results in a UE outage rate between 2% and 7% depending on the propagation model. 
[image: ] [image: ]
[bookmark: _Ref525141690]Figure 2: Empirical latency distribution for 4 UEs per cell and different traffic loads. The CCDF comprises latency samples obtained from all the simulated UEs in the network.
[bookmark: _Ref525141706][bookmark: _Ref525141701]
Table 2: Summary of performance for the Factory Automation scenario. 4 UEs per cell. FTP3 traffic.
	Traffic setting (offered load per cell)
	
	PRB utilization [%] 
	[%] UEs in outage*

	20 UEs – 2 ms periodicity (2.56 Mbps)
	InH
	5.07%
	0%

	
	Modified InH
	5.03%
	0%

	40 UEs – 2 ms periodicity (5.12 Mbps)
	InH
	10.2%
	0%

	
	Modified InH
	10.1%
	0%

	20 UEs – 1 ms periodicity (5.12 Mbps)
	InH
	10.2%
	0%

	
	Modified InH
	10.1%
	0%

	40 UEs – 1 ms periodicity (10.24 Mbps)
	InH
	20.7%
	7%

	
	Modified InH
	20.3%
	2%

	*Percentage of UEs that do not fulfil the requirements for factory automation. Reliability per UE is measured at the 99.99%-th percentile due to limited number of samples.






	Contribution [NTT DOCOMO, R1-1813330] 
[image: ]
Fig.1 TDD UL/DL configuration

[image: ]
Fig.2 packet offset across different UEs
Table 1. Summary of performance for the Factory Automation scenario.
	
	Traffic periodicity (offered load per cell)
	PRB utilization [%] 
	[%] UEs in outage*

	DL
	2 ms (7.12 Mbps)
	62.3%
	53.8%

	UL
	2ms (6.95Mbps)
	65.9%
	68.3%

	
	*Percentage of UEs that do not fulfil the requirements for Factory automation. Reliability per UE is measured at the 99.99%-th percentile due to limited number of samples.


Observation 1:
· With proportional fair scheduler, with more than 50% probability, the 1ms air interface latency and 99.9999% reliability requirement for factory automation with 5UEs per cell cannot be fulfilled for a UE.

Table.3 Summary of performance for the Factory Automation scenario
	
	Traffic periodicity (offered load per cell)
	PRB utilization [%] 
	[%] UEs in outage*

	RR scheduler
	2ms (2.0 Mbps)
	12.6%
	0%

	
	*Percentage of UEs that do not fulfil the requirements for Factory automation. Reliability per UE is measured at the 99.99%-th percentile due to limited number of samples.


Observation 2:
· With wideband PF scheduler, with more than 1.6% probability, the 1ms air interface latency and 99.9999% reliability requirement for factory automation with 1 UE per cell cannot be fulfilled for a UE.




	Contribution [Qualcomm, R1-1813440] 
Figure 2 shows the achievable capacity results for frame structures (D1,D2) =(4,4) and (D1,D2) = (7,4). It is observed that with dynamic PDCCH when SRS periodicity is 80 slots (40 ms), (4,4) frame structure can achieve 26 UEs per cell, while if we can save overall 3 symbols in UE (and/or gNB) processing time, (7,4) will achieve 38 UEs per cell. That is almost 46% gain in capacity. 
Observation1: Enhancing the UE/gNB processing capability (e.g. N1/N3) increases the URLLC capacity for FA.
[image: ]
Figure 2: Performance results for Dynamic PDCCH (i.e. no DL SPS)

Figure 3 compares the achievable capacity of SPS and dynamic PDCCH. More precisely, in this figure dynamic PDCCH and (4,4) frame structure is compared with SPS and (6,4) frame, versus different SRS periodicities. As it is observed, for fast SRS transmission and SPS reconfiguration, (6,4) outperforms (4,4). As the SRS periodicity increases, the gain of extra data symbol decreases since SPS is more sensitive to outdated CSI. As mentioned, for the case of SPS, SPS update periodicity is equal to SRS periodicity.   
 [image: ]
Figure 3: SPS vs Dynamic PDCCH at different SRS periodicities

Observation2: Using SPS with proper rate of CSI update and/or SPS reconfiguration can increase the URLLC capacity for factory automation.



	Contribution [Huawei, R1-1813683] 
Observation 1: For 5 UEs per cell with 40 MHz bandwidth with the assumption of ideal control transmission, 30% of UEs could satisfying the 1 ms latency and 99.9999% reliability requirement for the downlink transmission in motion control.
Proposal 1: Enhanced technologies should be studied to further improve the downlink transmission performance to achieve the required latency/reliability metrics and almost 100% UE coverage for motion control in factory automation.
[bookmark: _Ref528771006]Table 1 The ratio of UEs satisfying the required 1 ms latency and X reliability in case of 5 UEs per cell in the downlink transmission, while Y = 1-X and ideal control transmission
	
	Y=1e-6
	Y=1e-5
	Y=1e-4 

	Ideal Channel Estimation
	30%
	51.7%
	100%





As mentioned by NTT DOCOMO, the limited time between RAN1#94bis and RAN1#95 meeting is not enough to get sufficient or stable results. More inputs are needed before make any conclusion. 
Proposal 2.3-2: Further evaluating the performance achievable with Rel-15 URLLC.  
In addition, [R1-1812164, Ericsson] provide some link level simulation to show the performance of a single URLLC UE for factory automation. More inputs are needed before making any conclusion.

Evaluation results for transport industry    
[R1-1812220, Huawei] provide some preliminary system level simulation results for power distribution: 
	Contribution [Huawei, R1-1813682] 
Observation 1: For the Urban Macro deployment with 40 MHz bandwidth and 10 vehicles per cell with the assumption of ideal control transmission, about 97% and 38% vehicles could achieve the required 3 ms latency and 99.999% reliability for ideal and realistic channel estimation respectively in the downlink transmission.
[bookmark: _Ref528246417]Table 1 The ratio of vehicles satisfying the required 3 ms latency and X reliability in case of 10 vehicles per cell in the downlink transmission for Urban Macro deployment, while Y = 1-X
	
	Y=1e-5
	Y=1e-4
	Y=1e-3

	Ideal Channel Estimation
	96.7%
	98.3%
	100%

	Realistic Channel Estimation
	38.3%
	66.7%
	95%





It was observed that the limited time between RAN1#94bis and RAN1#95 meeting is not enough to get sufficient or stable results. More inputs are needed before make any conclusion. 
Proposal 2.3-3: Further evaluating the performance achievable with Rel-15 URLLC and/or Rel-16 URLLC for transport industry.  
In addition, [R1-1812167, Ericsson] provide some link level simulation to show the performance of a single URLLC UE for transport industry. More inputs are needed before making any conclusion.

Evaluation results for Rel-15 enabled use case     
[R1-1813238, Interdigital] provide some preliminary system level simulation results for Rel-15 enabled use case: 
	Contribution [Interdigital, R1-1813238] 
Observation 1: For the case of DL 4096-bye packet sizes, NR is able to satisfy the air interface latency limit of 7ms and reliability of 99.9%, assuming 40MHz bandwidth.
Observation 2: For the case of UL 4096-bye packet sizes, meeting the URLLC reliability requirement is challenging (it requires more than 4 transmissions).
   
[image: ]
[bookmark: _Ref528936815]Figure 3. Performance of PDSCH/PUSCH for AR/VR with packet size of 4096 bytes




	Contribution [NTT DOCOMO, R1-1813330] 
In this section, we present some preliminary evaluation results for Rel.15 enabled use case. The detailed simulation assumptions are given in Appendix-II. Specifically, 4GHz carrier frequency and TDD duplex mode are considered. For TDD, the TDD UL/DL configuration as shown in Fig.11 is assumed. FTP model 3 and packet size of 4096 bytes is assumed in this evaluation. To evaluate the URLLC capacity, in our simulation, the number of UEs per cell is fixed to 5 and different traffic arrival rates are considered to find the URLLC capacity.
[image: ]
Fig.11 TDD UL/DL configuration

Preliminary evaluation results
Table.4 and table.5 show the DL and UL performance under different traffic arrival rates, respectively. For both DL and UL, with the increase of traffic arrival rate the percentage of UEs in outage is increased and the offered cell load per cell is reduced. It can be observed that for 5 UEs per cell, with the given arrival rate, the requirements for Rel.15 enabled use case with large packet size, e.g., 4096bytes cannot be satisfied. 
Table.4 DL performance for Rel.15 enabled use case
	Arriving rate
	Offered load per cell [Mbps]
	PRB Utilization [%]
	[%] UEs in outage*

	0.1
	268.56
	27.9 %
	61.5%

	0.05
	294.23
	13.4 %
	24.3%

	0.025
	306.7
	6.61 %
	13.0%



Table.5 UL performance for Rel.15 enabled use case
	Arriving rate
	Offered load per cell [Mbps]
	PRB Utilization [%]
	[%] UEs in outage*

	0.1
	263.0
	28.3 %
	76.3%

	0.05
	286.4
	13.8 %
	18.8%

	0.025
	305.7
	6.62 %
	1.67%



Observation 3:
· For Rel.15 enabled use case with large packet size, e.g., 4096 bytes, under the arrival rate 0.1, 0.05, 0.025, with high probabilities, the 7ms latency and 99.9% reliability requirement with 5 UEs per cell cannot be fulfilled.



It was observed that the limited time between RAN1#94bis and RAN1#95 meeting is not enough to get sufficient or stable results. More inputs are needed before make any conclusion. 
Proposal 2.3-4: Further evaluating the performance achievable with Rel-15 URLLC and/or Rel-16 URLLC for Rel-15 enabled use case (e.g. AR/VR).  
In addition, [R1-1812168, Ericsson] provide some link level simulation to show the performance of a single URLLC UE for transport industry. More inputs are needed before making any conclusion.
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