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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
This document summarizes the key issues discussed under agenda item 7.2.6.4 based on the views expressed in the contributions on evaluation assumptions and evaluation results, mainly focusing on evaluation results. 
Remaining details on evaluation assumptions  
Based on the contributions submitted to this agenda, two issues related to evaluation assumptions are discussed, including aperiodic traffic model for remote driving and ITS, and evaluation assumptions for the two cases given in the LS S2-1813386 from SA2.   
  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

[R1-1900167, Ericsson] proposed a traffic model with DL data packet size 1370 bytes and FTP model 3 with arrival rate of 10 packet/sec for remote driving and ITS. There are no other contribution explicitly discusses this issue in this meeting, however 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. 
0. ZTE, Huawei
1. Model 2:4166 byte packets with Poisson-distributed arrival rate of 30 packet/sec for DL.
1. Huawei

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 2.1-1: 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 2.1-2: Take the following assumptions for evaluating aperiodic traffic model (FTP model 3) for DL for ITS:
1. 1370 bytes packet size with Poisson-distributed arrival rate of 10 packet/sec


According to the discussion in RAN1#95 meeting, it seems not that easy to get consensus on this specific issue. In addition, since this is the last second meeting for this study item, it would be good not to spend much time on this issue if difficult to get consensus. 
  Remaining details on the traffic model for the two additional cases from SA2  
SA2 sent an LS S2-1813386 to RAN1 and RAN2 to ask whether the following two combinations of QoS characteristics values are feasible or not.
(1) Case 1: PDB = 5ms, PER = 10-4 and MDBV = 1354 bytes, required for Collision Avoidance and Platooning with high LoA;
(2) Case 2: PDB ~1.5 ms, PER=10-5 and MDBV ~1300 bytes, required for Emergency Trajectory Alignment and Sensors information Sharing with high LoA;

[Ericsson, R1-1900167] and [Huawei, R1-1901261] provide some views on this. It seems both Ericsson and Huawei think it is hard to get conclusion due to lack of several detailed assumptions for this two use cases. However, since RAN1 is not familiar with these two use cases, it would be better to leave it to SA2 to determine the detailed traffic model. 

Proposal 2.2-1: The remaining assumptions on the two use cases in S2-1813386 are up to SA2 group.   
Evaluation results  
Based on the agreed evaluation assumptions, several companies provide some preliminary simulation results for different use cases. 
  Evaluation results for power distribution     
[R1-1900077, ZTE], [R1-1900169, Ericsson] and [R1-1901248, Huawei] provide some preliminary system level simulation results for power distribution as summarized in the following table: 
[bookmark: OLE_LINK7]Table 3.1-1 The percentage of UEs satisfying requirements for power distribution   
	Source 1 (Huawei, R1-1901248): Differential protection
Reliability of 99.999%, 6 ms air interface, 4 GHz, FDD, 4Tx/4Rx at both gNB and UE side, 10 users per cell, realistic channel estimation, grant based for data transmission  

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	DL
	100%
	27%
	-2.48

	UL
	52.9%
	73.2%
	-

	Source 2 (ZTE, R1-1900077): Differential protection
Reliability of 99.999%, 6 ms air interface, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/2 Rx at UE side, 5 users per cell, ideal channel estimation, grant based for data transmission  

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value

	DL
	98.1 %
	11.6197
	-0.06

	UL (grant based)
	98.1 %
	11.4572
	-0.07

	Source 3 (Ericsson, R1-1900169): Power Distribution Grid Fault and Outage Management
Reliability of 99.9999%, 3 ms air interface, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/4 Rx at UE side, 10 users per cell, ideal channel estimation, grant based for data transmission   

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	DL
	95.8%
	-
	-

	UL
	90.3%
	-
	-

	Source 4 (Huawei, R1-1901248): Differential protection
Reliability of 99.999%, 6 ms air interface, 700 MHz, FDD, 4Tx/4Rx at gNB side and 2Tx/4Rx at UE side, 10 users per cell, realistic channel estimation, 20 MHz, grant based for uplink data transmission  

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	DL
	78.1%
	64.9%
	-3.1

	UL
	47.1%
	78.2%
	-



Based on the above inputs, it was observed that higher than 95% percentage of UEs could meet the requirement of power distribution for downlink transmission for 4 GHz, while lower than 95% percentage of UEs could meet the requirement of power distribution for uplink transmission. 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 and it can be expected that performance of TDD case would be worse than that for TDD. 
For 700 MHz, it can be observed that the performance for both downlink an uplink is not good. Since only one company provides the result for now, more inputs may be needed before making any conclusion.

Observation 3.1-1: The percentage of UEs satisfying the latency (i.e. 6 ms for differential protection and 3 ms for power distribution grid fault and outage management) and reliability (i.e. 99.999% for differential protection and 99.9999% for power distribution grid fault and outage management) requirements by Rel-15 NR URLLC is higher than 95% for downlink transmission for power distribution assuming up to 10 users per cell, 4 GHz and FDD. 

Observation 3.1-2: The percentage of UEs satisfying the latency (i.e. 6 ms for differential protection and 3 ms for power distribution grid fault and outage management) and reliability (i.e. 99.999% for differential protection and 99.9999% for power distribution grid fault and outage management) requirements by Rel-15 NR URLLC can be lower than 95% for uplink transmission for power distribution assuming 10 users per cell, 4 GHz and FDD.  

Proposal 3.1-1: Capture the above two observations and Table 3.1-1 in TR 38.824.  
In addition, [R1-1900169, Ericsson] provide some link level simulation to show the performance of a single URLLC UE for power distribution. Since only one company provide the result for now, more inputs may be needed before makeing any conclusion.

	Contribution [Ericsson, R1-1900169] 
[image: ]
Figure 3: PDCCH BLER with DCI size 40 for different AL 
[image: ]
Figure 4: BLER of data channels for different MCSs
[bookmark: _Toc525818719][bookmark: _Toc525834324][bookmark: _Toc525926878][bookmark: _Toc528920813][bookmark: _Toc528928948][bookmark: _Toc528946072][bookmark: _Toc528972467][bookmark: _Toc534994789][bookmark: _Toc534995222]It is possible to have up to 2 DL and CG-UL transmissions with 7os duration in a FDD configuration with 30 kHz SCS within 3 ms one-way latency.
[bookmark: _Toc525818720][bookmark: _Toc525834325][bookmark: _Toc525926879][bookmark: _Toc528920814][bookmark: _Toc528928949][bookmark: _Toc528946073][bookmark: _Toc528972468][bookmark: _Toc534994790][bookmark: _Toc534995223]Reliability requirement of 99.9999% within 3 ms one-way latency for power distribution use case can be achieved with several transmission configurations.



  Evaluation results for factory automation     
 [R1-1900078, ZTE] and [R1-1901249, Huawei] provide some preliminary system level simulation results for factory automation: 
Table 3.2-1 The percentage of UEs satisfying requirements for factory automation   
	Source 1 (Huawei, R1-1901249): Factory automation
Reliability of 99.9999%, 1 ms air interface, 4 GHz, FDD, 4Tx/4Rx at both gNB and UE side, 10 users per cell, realistic channel estimation, two UE groups, grant free for uplink data transmission, ITU channel model 

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	DL
	96.7%
	6.93%
	-3.32

	UL
	90.8%
	50%
	-

	Source 2 (ZTE, R1-1900078): Factory automation
Reliability of 99.9999%, 1 ms air interface, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/2 Rx at UE side, 5 users per cell, ideal channel estimation, one UE group, grant free for uplink data transmission, ITU channel model    

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value (dB)

	DL
	100 %
	0.6108
	-1.35

	UL
	100 %
	0.6108
	-0.96



In addition, Nokia also provides some system level simulation as below, but the reliability per UE is only measured at 99.99% due to lack of time:  
	Contribution [Nokia, R1-1900933] 
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.






Based on the above inputs from system-level simulations, it can be observed that:

Observation 3.2-1: The percentage of UEs satisfying the latency (i.e. 1 ms air interface latency) and reliability (i.e. 99.9999%) requirements by Rel-15 NR URLLC is higher than 95% for downlink transmission for factory automation assuming up to 10 users per cell, 4 GHz and FDD. 

Observation 3.2-2: The percentage of UEs satisfying the latency (i.e. 1 ms air interface latency) and reliability (i.e. 99.9999%) requirements by Rel-15 NR URLLC can be lower than 95% for uplink transmission for factory automation assuming 10 users per cell, 4 GHz and FDD.  

Proposal 3.2-1: Capture the above two observations and Table 3.2-1 in TR 38.824.  

In addition, [R1-1900170/R1-1900171, Ericsson] and [R1-1900976, NTT DOCOMO] provide some link level simulation to show the performance of a single URLLC UE for factory automation as below:

	Contribution [Ericsson, R1-1900170] 
[bookmark: _Toc528935152][bookmark: _Toc528946525][bookmark: _Toc534911823]With the system level simulation assumption in Table A-1 for factory automation, the 1%-tile SINR is -1.45 dB (DL) and -14.3 dB (UL). 
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Figure 2: PDCCH BLER for different AL
For data channels, we consider TBS = 256 bits (=32 bytes), transmission duration of 4 OFDM symbols with 1 DMRS symbol overhead. PDSCH/PUSCH BLER for different MCSs supported within 40 MHz BW (e.g., MCS1 to MCS6 from Table 5.1.3.1-3 [4]) are given in Fig. 3.
[image: ]
Figure 3: PDSCH/PUSCH BLER (single transmission) for different MCSs

[bookmark: _Toc528935074][bookmark: _Toc528935086][bookmark: _Toc528935154][bookmark: _Toc528946527][bookmark: _Toc534911824]It is possible to have single DL or single CG-UL transmission with 4os duration in a TDD configuration with 30 kHz SCS within 1 ms one-way latency.
[bookmark: _Toc528935075][bookmark: _Toc528935087][bookmark: _Toc528935155][bookmark: _Toc528946528][bookmark: _Toc534911825]Reliability requirement of 99.9999% within 1 ms one-way latency for factory automation can be achieved with several transmission configurations.



	Contribution [Ericsson, R1-1900171] 
[bookmark: _Toc534192313][bookmark: _Toc534192342][bookmark: _Toc534198389][bookmark: _Toc534284798][bookmark: _Toc534285127][bookmark: _Toc534286356][bookmark: _Toc534820010][bookmark: _Toc535013705][bookmark: _Toc535013779]With the system level simulation assumption in Table A-1 for factory automation, the 1%-tile DL SINR is -1.57 dB and the 1%-tile UL SINR is -1 dB. 
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Figure 2: PDCCH BLER for different AL
For data channel, we consider TBS = 256 bits (=32 bytes), transmission duration of 7 OFDM symbols with 1 DMRS symbol overhead. BLER for different MCSs supported within 160 MHz BW (e.g., MCS0 to MCS2 from Table 5.1.3.1-3 [4]) are given in Fig. 3 for both single transmission and one retransmission with soft combining.
[image: ]
Figure 3: BLER of single transmission and one retransmissions for different MCSs

[bookmark: _Toc534192314][bookmark: _Toc534192343][bookmark: _Toc534198390][bookmark: _Toc534284799][bookmark: _Toc534285128][bookmark: _Toc534286357][bookmark: _Toc534820011][bookmark: _Toc535013706][bookmark: _Toc535013780]With enhanced UE processing capability for 120 kHz SCS, it is possible to have one DL or one CG UL retransmission with 7os duration in a TDD configuration with 120 kHz SCS within 1 ms one-way latency.
[bookmark: _Toc534192315][bookmark: _Toc534192344][bookmark: _Toc534198391][bookmark: _Toc534284800][bookmark: _Toc534285129][bookmark: _Toc534286358][bookmark: _Toc534820012][bookmark: _Toc535013707][bookmark: _Toc535013781]Reliability requirement of 99.9999% within 1 ms one-way latency for factory automation at 30 GHz carrier can be achieved if enhanced UE processing capability is adopted.



	Contribution [NTT DOCOMO, R1-1900976] 
Case 1: factory automation @ 30GHz
It is observed from UL SINR CDF that inter-cell interference is negligible to many UEs. Besides, increasing P0 offers same/higher UL SINR. This implies that most of the UEs are neither in power-limited or in interference-limited. Looking at 5%-ile UL SINR, it is almost constant between P0=-92dBm and -90dBm. Therefore, we consider 5%-ile UL SINR is 9.3dB which is achievable with these P0 values.
[image: ][image: ]
(a) DL SINR						(b) UL SINR
Fig. 1-1	DL/UL SINR CDF for Case 1.

Table 1-3.	Required SINR for achieving BLER = 10-6
	Channel
	No. of RBs
	Repetition
	Required SNR

	PDSCH
	62 RBs
	No 
	18 dB

	
	
	Rep over multiple TRPs
	4.5 dB

	
	48 RBs
	No 
	20 dB

	
	45 RBs
	Rep over multiple TRPs
	6 dB

	PUSCH
	36 RBs
	No 
	17 dB

	
	
	Rep over multiple TRPs
	3 dB

	
	31 RBs
	No 
	17 dB

	
	
	Rep over multiple TRPs
	3 dB

	
	8 RBs
	No 
	25 dB

	
	
	Rep over multiple TRPs
	18 dB



Observation 1:
· For Case 1 (factory automation @ 30GHz),
· 5%-ile DL SINR is 8.7dB, and 5%-ile UL SINR is 9.3dB.
· Repetition over multiple TRPs overcomes blockage and offers significant performance improvement (more than 10 dB) over single TRP transmission under the same spectral efficiency.
· With the typical TDD UL-DL configurations, the number of UEs that can be accommodated in the cells are following:
· TDD config FR2-A (DDDSU with S=10D:2G:2U): 35 UEs for DL, 6 UEs for UL
· TDD config FR2-B (DSUU with S=12D;2G): 20 UEs for DL, 16 UEs for UL

Case 2: factory automation @ 4GHz
Figure 2-1 illustrates DL/UL SINR CDF in case 2. Simulation assumptions are aligned with TR 38.824 Section A2.2 Table A2.2-1 with 10m BS antenna height. For UL power control, =1 is assumed and multiple P0 values are evaluated. For DL, 5%-ile DL SINR is about -2.84dB. For UL, 5%-ile UL SINR when P0 is -90dBm is about -1.9dB. It is observed from UL SINR CDF that P0 change does not impact the distribution a lot. This implies that UEs are interference-limited.
[image: ][image: ]
(a) DL SINR						(b) UL SINR
Fig. 2-1	DL/UL SINR CDF for Case 2.
Table 2-3.	Required SINR for achieving BLER = 10-6
	Channel
	No. of RBs
	Repetition
	Required SNR

	PDSCH
	101 RBs
	No 
	-5.5 dB

	
	96 RBs
	Rep over multiple TRPs
	-6.8 dB

	
	48 RBs
	No 
	-2.8 dB

	
	45 RBs
	Rep over multiple TRPs
	-4.2 dB

	PUSCH
	36 RBs
	No 
	-4 dB

	
	
	Rep over multiple TRPs
	-4.8 dB

	
	31 RBs
	No 
	-3.5 dB

	
	
	Rep over multiple TRPs
	-4.5 dB

	
	8 RBs
	No 
	4.2 dB

	
	
	Rep over multiple TRPs
	1.5 dB



Observation 2:
· For Case 2 (factory automation @ 4GHz),
· 5%-ile DL SINR is -2.84dB, and 5%-ile UL SINR is -1.9dB.
· Repetition over multiple TRPs offers performance improvement (at least 1dB) over single TRP transmission under the same spectral efficiency.
· With the typical TDD UL-DL configurations, the number of UEs that can be accommodated in the cells are following:
· TDD config FR1-A (DDDDDDDSUU with S=6D:4G:4U): 17 UEs for DL, 2 UEs for UL
· Note: UL cycle is beyond 2ms and hence UL latency requirement cannot be satisfied
· TDD config FR1-B (SU with S=12D;2G): 4 UEs for DL, 6 UEs for UL
· Repetition over multiple TRPs can further improve the number of accommodated UEs


Based on the above inputs from link-level perspective, it seems the following observations are common points though the evaluation method for Ericsson and DOCOMO are different:
Observation 3.2-3: From link-level simulation perspective, reliability requirement of 99.9999% within 1 ms one-way latency for factory automation for a single UE by Rel-15 NR URLLC can be achieved under some certain transmission configurations at carrier frequency of 4 GHz. 

Observation 3.2-4: From link-level simulation perspective, it seems challenging to meet the reliability requirement of 99.9999% within 1 ms one-way latency for factory automation for a single UE by Rel-15 NR URLLC with single-shot transmission at carrier frequency of 30 GHz. 

Proposal 3.2-2: Capture the above two observations in TR 38.824.  

Evaluation results for transport industry    
[R1-1900172, Ericsson][R1-1900247, Huawei] and [R1-1900080/R1-1900238, ZTE] provide some preliminary system level simulation results for power distribution: 
Table 3.3-1 The percentage of UEs satisfying requirements for transport industry  
	Source 1 (Huawei, R1-1909247): Remote driving
Reliability of 99.999%, 3 ms air interface latency, 4 GHz, FDD, 4Tx/4Rx at both gNB and UE side, 10 users per cell, realistic channel estimation, grant free for uplink, periodic traffic model 

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	DL
	96.7%
	10.2%
	-2.2

	UL
	60%
	91.8%
	-

	Source 2 (ZTE, R1-1900080): Remote driving
Reliability of 99.999%, 3 ms air interface latency, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/2 Rx at UE side, 2 users per cell, ideal channel estimation, grant based for uplink data transmission   

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value (dB)

	DL
	97.62 %
	1.9081
	-0.39

	UL
	-
	-
	-6.17

	Source 3 (Ericsson, R1-1900172): Remote driving
Reliability of 99.999%, 3 ms air interface latency, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/4 Rx at UE side, 10 users per cell, ideal channel estimation    

	
	Percentage of UEs (Mean)
	Standard deviation
	5% Q-value (dB)

	DL
	96.9 %
	1.9%
	-

	UL
	60.5 %
	4.8%
	-

	Source 4 (ZTE, R1-1900080): ITS
Reliability of 99.999%, 7 ms air interface latency, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/2 Rx at UE side, 2 users per cell, ideal channel estimation, grant based for uplink data transmission   

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value (dB)

	DL
	100 %
	2.092
	-0.39

	UL
	97.62 %
	2.0918
	-6.17

	Source 5 (Huawei, R1-1909247): Remote driving
Reliability of 99.999%, 3 ms air interface latency, 700 MHz, FDD, 4Tx/4Rx at gNB side, 2Tx/4Rx at UE side, 10 users per cell, realistic channel estimation, grant free for uplink, periodic traffic model 

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	DL
	100%
	18.3%
	-2.2

	UL
	-
	-
	-

	Source 6 (ZTE, R1-1900238): Remote driving
Reliability of 99.999%, 3 ms air interface latency, 700 MHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/2 Rx at UE side, 2 users per cell, ideal channel estimation, grant based for uplink data transmission   

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value (dB)

	DL
	95.2 %
	1.9081
	-0.44

	UL
	-
	-
	-1.54

	Source 7 (ZTE, R1-1900238): ITS
Reliability of 99.999%, 7 ms air interface latency, 700 MHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/2 Rx at UE side, 2 users per cell, ideal channel estimation, grant based for uplink data transmission   

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value (dB)

	DL
	100 %
	2.092
	-0.44

	UL
	95.2%
	2.0918
	-1.54



Observation 3.3-1: The percentage of UEs satisfying the latency (i.e. 3 ms for remote driving and 7 ms for ITS) and reliability (i.e. 99.999%) requirements by Rel-15 NR URLLC is higher than 95% for downlink transmission for transport industry assuming up to 10 users per cell, 4 GHz/700 MHz and FDD. 

Observation 3.3-2: The percentage of UEs satisfying the latency (i.e. 3 ms for remote driving and 7 ms for ITS) and reliability (i.e. 99.999%) requirements by Rel-15 NR URLLC can be lower than 61% for uplink transmission for transport industry assuming up to 10 users per cell, 4 GHz and FDD.  

Proposal 3.3-1: Capture the above two observations and Table 3.3-1 in TR 38.824.  
In addition, [R1-1900172, Ericsson] provide some link level simulation to show the performance of a single URLLC UE for transport industry. Since only one company provide the result for now, more inputs may be needed before make any conclusion.

	Contribution [Ericsson, R1-1900172] 
[image: ]
Figure 2: PDSCH BLER vs. SNR for ITS scenario.
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Figure 3: PUSCH BLER vs. SNR for ITS scenario.

[image: ]
Figure 4: PDSCH BLER vs. SNR for Remote Driving scenario.
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Figure 5: PDSCH BLER vs. SNR for Remote Driving scenario.

Summary of results is presented in the Table 2. 

Table 2: SNR required to fulfill BLER 10-5 reliability target.
	
	Downlink
	Uplink

	ITS
	-5.43 dB
	-6.76 dB

	Remote driving
	-0.62 dB
	2.66 dB



[bookmark: _Toc535001303][bookmark: _Hlk535001261]According to link level simulations for ITS scenario the SNR required to fulfill BLER 10-5 reliability target is -5.43 dB (downlink) and -6.76 dB (uplink).
[bookmark: _Toc535001304]According to link level simulations for Remote driving scenario the SNR required to fulfill BLER 10-5 reliability target is -0.62 dB (downlink) and 2.66 dB (uplink).



Evaluation results for Rel-15 enabled use case     
Case 1: Rel-15 enabled use case with urban macro
[R1-1901250, Huawei] and [R1-1900079, ZTE] provide some preliminary system level simulation results for Rel-15 enabled use case 1 (i.e. 32 bytes or 200 bytes) with urban macro: 
Table 3.4-4 The percentage of UEs satisfying requirements for Rel-15 enabled use case with urban macro 
	Source 1 (Huawei, R1-1901250): Rel-15 enabled use case with urban macro (32 bytes)
Reliability of 99.999%, 1 ms air interface latency, 700 MHz, FDD, 2Tx/2Rx at gNB and 2 Tx/4 Rx at UE side, 10 users per cell, realistic channel estimation, grant based for uplink, aperiodic traffic model 

	

=120 p/s

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	
	DL
	81.9%
	3.2%
	-4.1

	
	UL
	15.7%
	7.3%
	-

	Source 2 (ZTE, R1-1900079): Rel-15 enabled use case with urban macro (32 bytes or 200 bytes)
Reliability of 99.999%, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/2 Rx at UE side, 5 users per cell, ideal channel estimation, grant based for uplink data transmission   

	
32 bytes, 1 ms air interface latency

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value

	
	DL
	99.05%
	0.1222
	-1.04

	
	UL
	100%
	0.1222
	-1.61

	
200 bytes, 1 ms air interface latency

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value

	
	DL
	95.24%
	0.7635
	-1.04

	
	UL
	98.1%
	0.7635
	-1.61

	
200 bytes, 4 ms air interface latency

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value

	
	DL
	98.1%
	0.7635
	-1.04

	
	UL
	100%
	0.7635
	-1.61

	Source 3 (Huawei, R1-1901250): Rel-15 enabled use case with urban macro (32 bytes)
Reliability of 99.999%, 1 ms air interface latency, 700 MHz, FDD, 4Tx/4Rx at gNB and 2 Tx/4 Rx at UE side, 10 users per cell, realistic channel estimation, grant based for uplink, aperiodic traffic model 

	

=500 p/s

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	
	DL
	91.4%
	6.4%
	-4.1

	
	UL
	45.3%
	16.2%
	-



Since only one company provides results for 700 MHz and one company provides results for 4 GHz, it seems better to make the conclusion or observation till more inputs are available. 
In addition, [R1-1900173, Ericsson] provides some link level simulation to show the performance of a single URLLC UE for Rel-15 enabled use case with urban macro. Since only one company provide the result for now, more inputs may be needed before make any conclusion.

	Contribution [Ericsson, R1-1900173] 
[image: C:\Users\ezashmu\Documents\MATLAB\Main-ITU-self-eval-20171006\results_ezashmu_RAN1_94bis\controlResult_4GHz_MCS3_MCS6_4os.png]
[bookmark: _Ref513557951]Figure 2. PUCCH format 0 error rate and PDCCH BLER as function of SNR.
[image: ]
[bookmark: _Ref525924451]Figure 3. BLER for 4OS-data with different MCSs (from Table 5.1.3.1-3 [3]) as function of SNR.

[bookmark: _Toc525925735][bookmark: _Toc528972944][bookmark: _Toc528973033][bookmark: _Toc528973099][bookmark: _Toc535015440]The reliability target of 99.999% (total BLER of 1E-5) can be met at the 5th%-tile SINR for DL and configured grant UL with a single transmission using MCS9 or lower.
[bookmark: _Toc528972945][bookmark: _Toc528973034][bookmark: _Toc528973100][bookmark: _Toc535015441]URLLC Rel-15 enabled use case requirement can be met, i.e., 1E-5 error rate within 1ms for a packet size of 32 bytes.




Proposal 3.4-1: Further evaluating the performance achievable with Rel-15 URLLC and/or Rel-16 URLLC for Rel-15 enabled use case with urban macro.  

Case 2: Rel-15 enabled use case with indoor hot-spot
[R1-1901250, Huawei] and [R1-1900079, ZTE] provide some preliminary system level simulation results for Rel-15 enabled use case 1 with indoor hot-spot: 
Table 3.4-1 The percentage of UEs satisfying requirements for Rel-15 enabled use case with indoor hot-spot 
	Source 1 (Huawei, R1-1901250)
Reliability of 99.9%, 7 ms air interface latency, 4 GHz, FDD, 4Tx/4Rx at gNB and 4 Tx/4 Rx at UE side, 10 users per cell, realistic channel estimation, grant based for uplink, 4096 bytes 

	

=60 p/s
Periodic traffic model

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	
	DL
	100%
	23.6%
	-3.73

	
	UL
	89.2%
	38.5%
	-

	

=60 p/s
Aperiodic traffic model

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	
	DL
	100%
	20.3%
	-3.73

	
	UL
	82.5%
	36.5%
	-

	Source 2 (ZTE, R1-1900079)
Reliability of 99.9%, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/2 Rx at UE side, 5 users per cell, ideal channel estimation, grant based for uplink data transmission, 4096 bytes   

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value

	DL
	100 %
	9.3810
	-1.09

	UL
	100 %
	9.3810
	-2.02

	Source 3 (NTT DOCOMO, R1-1900796)
Reliability of 99.9%, 30 GHz, FDD, 4Tx/4Rx at gNB side, 4 Tx/4 Rx at UE side, 5 users per cell, realistic channel estimation, grant based for uplink data transmission, 4096 bytes   

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	DL
	91.67 %
	33.8%
	-3.13

	UL
	72.67 %
	32.75
	-2.19

	Source 4 (NTT DOCOMO, R1-1900796)
Reliability of 99.9%, 30 GHz, FDD, 4Tx/4Rx at gNB side, 4 Tx/4 Rx at UE side, 4 users per cell, realistic channel estimation, grant based for uplink data transmission, 4096 bytes   

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	DL
	96.43 %
	26%
	-3.13

	UL
	97.77 %
	24.93%
	-2.19




Based on the above inputs, the following observations can be achieved:

Observation 3.4-1: The percentage of UEs satisfying the latency (i.e. 7 ms) and reliability (i.e. 99.9%) requirements by Rel-15 NR URLLC is 100% for downlink transmission for Rel-15 enabled use case with indoor hot-spot assuming up to 10 users per cell, 4 GHz and FDD. 

Observation 3.4-2: The percentage of UEs satisfying the latency (i.e. 7 ms) and reliability (i.e. 99.9%) requirements by Rel-15 NR URLLC can be lower than 95% for uplink transmission for Rel-15 enabled use case with indoor hot-spot assuming more than 5 users per cell, 4 GHz and FDD.

Proposal 3.4-2: Capture the above two observations and Table 3.4-1 in TR 38.824.  

Reference
[1] R1-1900077	Performance evaluation for power distribution at 4 GHz	ZTE
[2] R1-1900078	Performance evaluation for factory automation	ZTE
[3] R1-1900079	Performance evaluation for Rel-15 enabled use cases	ZTE
[4] R1-1900080	Performance evaluation for transport industry at 4 GHz	ZTE
[5] R1-1900167	Remaining Details on Evaluation Methodology and Simulation Assumptions for Rel-16 NR URLLC		Ericsson
[6] R1-1900169	Evaluation of URLLC Power Distribution Scenario	Ericsson
[7] R1-1900170	Evaluation of URLLC Factory Automation Scenario at 4 GHz	Ericsson
[8] R1-1900171	Evaluation of URLLC Factory Automation Scenario at 30 GHz	Ericsson
[9] R1-1900172	Evaluation of URLLC Transport Industry Scenario	Ericsson
[10] R1-1900173	Evaluation of Rel-15 Enabled URLLC Use Cases	Ericsson
[11] R1-1900174	Evaluation of URLLC Urban Macro Scenario at 700 MHz	Ericsson
[12] R1-1900176	Performance evaluation of Compact DCI	Ericsson
[13] R1-1900180	Reliability and Latency Evaluation for Case I Factory Automation Scenario	Ericsson
[14] R1-1900238	Performance evaluation for urban macro scenarios at 700 MHz	ZTE
[15] R1-1900288	Geometry Results for URLLC evaluation	OPPO
[16] R1-1900933	URLLC downlink system-level performance evaluation for factory automation	Nokia, Nokia Shanghai Bell
[17] R1-1900976	Views and evaluations for URLLC scenarios	NTT DOCOMO, INC.
[18] R1-1901247	Baseline performance achievable with Rel-15 URLLC for transport industry	Huawei, HiSilicon
[19] R1-1901248	Baseline performance achievable with Rel-15 URLLC for power distribution	Huawei, HiSilicon
[20] R1-1901249	Baseline performance achievable with Rel-15 URLLC for factory automation	Huawei, HiSilicon
[21] R1-1901250	Baseline performance achievable with Rel-15 URLLC for R15 enabled cases	Huawei, HiSilicon
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