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1 Introduction
In RAN1#85 meeting, agreements for URLLC include the following performance metrics are defined for evaluation and feature selection in RAN1(FFS the method of evaluation)[1]:   
· URLLC capacity is defined as delivered traffic given the (L, R) constraint

· Denoted as C(L, R) 

· URLLC/ eMBB multiplexing capacity is defined as the simultaneously delivered URLLC capacity C(L, R) and eMBB capacity T
FFS until RAN1#86: 
· Proposal 1:  Single URLLC traffic model should be used evaluate URLLC KPIs

· Example:  Fixed packet size of 32 Bytes, Poisson arrival rate of (, 
· Example:  single directional and bi-directional traffic could be considered

· Proposal 2:  Latency metric should capture transmission latency, processing latency, retransmission latency and queuing/scheduling latency 

· Proposal 3:  Link level BLER evaluation should include control and data channels
· With and without other cell interference
· Proposal 4:  System level evaluation should capture other cell interferences

In this contribution, use cases, deployment scenarios, traffic model and simulation assumptions for URLLC are discussed and proposals are provided.
2 Discussion

2.1 Discussion on URLLC Use CasesFor next generation access technologies, URLLC is a unique service. In this section, we mainly discuss use cases relevant to Ultra Reliable Low Latency Communication. KPIs and coverage of different use cases for URLLC are given in Table 1. 
Table 1 URLLC Use case

	Use  Case
	KPI
	Coverage

	eHealth surgical robots operating, smart grid
	Lower latency, 
Highest reliability
	Very deep indoor environment

	eV2X
	Lowest latency
Higher reliability
	Wide Area

	Industrial control
	Low latency
Highest reliability
	Factory hall(indoor)

	Tactile internet
	Low latency
High reliability
	Indoor


As shown in table1, we can see different use cases have corresponding KPI and coverage. Because use case is related to system simulation assumptions and deployment scenarios, non-typical use cases such as smart grid and tactile internet may not need to be considered. Besides, it is needed to clarify and analyze the relevant KPIs and simulation assumptions for the typical use cases such as eHealth surgical robots operating, eV2X and Industrial control.

Proposal1:  It is needed to classify and analyze the relevant KPIs and simulation assumptions for the typical URLLC use cases such as eHealth surgical robots operating, eV2X and Industrial control.
2.2 Deployment scenariosDeployment scenarios for next generation access technologies have been discussed in TR38.913. For eMBB, they are indoor hotspot, dense urban, rural, urban macro and high speed. Deployment scenarios for mMTC and URLLC need to be further concluded. However, some of eMBB deployment scenarios may possibly be reused to evaluate mMTC and URLLC.
As the previous section described, the typical URLLC use cases have different deployment scenario. In case of eV2X use case, we should consider high speed and urban grid deployment scenarios. In case of eHealth surgical robots operating or industrial factory automation, we propose to use indoor hotspot and dense urban deployment scenarios. In addition, the number of antenna ports and UE distribution density are different for use cases. For eHealth operating, which is mainly in very deep indoor environment, antenna number will be very few or even only one antenna and the UE density with such type of service may be small. 
URLLC system level evaluation should include small antenna number, low UE density and single layer macro-only scenario.
Proposal2:  URLLC system level evaluation should include small antenna number, low UE density and single layer macro-only scenario.
2.3 Traffic model and Bi-directional traffic 2.3.1 Traffic model

As shown in [2], fixed packet size of 32 Bytes and Poisson arrival rate of ( are suggested. FTP traffic model1, 2 and 3 in TR36.814 could be candidates. FTP traffic model1, 2 and 3 are shown in figure 1.

[image: image1.emf]Time

Per cell traffic

S

user1

user2 user3 user4

Time

Per-user traffic

S

D

Traffic model1

Traffic model2

Time

Per-user traffic

S

Traffic model3


Figure 1
FTP model1:  Only one file is transmitted for a user and this user is disregarded after transmission. User arrival rate λ is modelled as Poisson distributed.
FTP model2: For a group of users, the file transmission interval of every user is the reading time D. The reading time D is the time interval between end of download of previous file and the user request for the next file. The reading time D is modelled as exponential Distribution.
FTP Model 3: For a certain user, the file transmission interval is variable. File arrival rate λ is modelled as Poisson distributed.
In FTP model 1, each user downloads only one file and is disregarded after transmission, which is described as single file transmission mode. However, FTP mode l is more different to URLLC traffic. FTP model 2 or 3 is more suitable for the URLLC evaluation.
Proposal3:  FTP model 2 or 3 is used for the evaluation for URLLC. 
2.3.2 Bi-directional traffic could be considered 

As suggested in [1], Single directional and bi-directional traffic for URLLC could be considered. NR frame structure should take both uplink and downlink into account and should not sacrifice downlink/uplink performance in order to accomplish uplink/downlink performance. Both uplink and downlink is needed to meet 0.5ms delay and reliability KPI in TR38.913.

The TDD uplink-downlink configuration in a cell may vary between frames and controls in which subframes uplink or downlink transmissions may take place in the current frame.TDD UL/DL configuration is designed to monitor the system’s UL/DL performance change directly. For bi-directional traffic is quite meaning for URLLC carried by TDD network.

Proposal4:  Bi-directional traffic should be evaluated in TDD duplex mode for URLLC.
2.4 Analysis on high reliability2.4.1 Analysis on URLLC high reliability
TR38.913 [3] describes this URLLC reliability and defines its target value. Reliability can be evaluated by the success probability of transmitting maximum of 32 bytes within 1 ms, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).
Moreover, the target for reliability of URLLC is 1-10-5 within 1ms for downlink and uplink. As discussed in [4], for high reliability requirement, the error probability for each transmission is 1% or even 0.1% may be more reasonable. Then, it needs 2~3 times retransmission within 1ms to satisfy the target.
Proposal5:  To meet the URLLC target for reliability of 1-10-5 within 1ms, it needs 2~3 transmissions within 1ms, the error probability for each transmission is 1% or even 0.1%.
2.4.2 Simulation on reliability
We note that above error probability only refers to traffic channel. Control channel error probability was not considered. If considered, the value is still 1% as baseline. Regarding to the influence on URLLC reliability of that control channel error probability, some evaluation are done. Simulation result of the packet drop ratio as shown in table 2. 
Table2 Simulation result of the packet drop ratio
	Packet Num statistics

	Reported

Parameters
	Low load
	Medium load
	High load

	
	
	Case 1
	Case 2
	Case 1
	Case 2
	Case 1
	Case 2

	
	Correct Receive Packet Num
	524967
	524966
	1049781
	1049772
	1569582
	1568425

	
	Drop Packet Num
	3
	4
	22
	32
	3931
	5086

	
	Packet drop ratio
	5.7e-6
	7.6e-6
	2.1e-5
	3.1e-5
	2.5e-3
	3.2e-3

	
	𝜆(file Num/ms)
	2
	2
	4
	4
	6
	6


In table 2, case 1 is the error rate only considering PDSCH, PDCCH is error free. Case 2 is the error rate considering PDSCH and PDCCH, the error rate is 1% and retransmission time is 2.

The result shown in Table 2 indicates that, the packet drop of ratio increases with the loads increase.  For medium and high load, the packet drop of ratio will be as high as 3.2e-3. It can’t meet the target for reliability of URLLC for both Case1 and Case2. For low load, the packet drop of ratio is only 5.7e-6. We suggest that URLLC evaluation is more targeted with low traffic load.
Proposal6:  URLLC evaluation is targeted for low traffic load.

Table 2 also shows no matter how load changes, the error probability of PDCCH does not significantly affect the packet drop of ratio. In case of low load, considering the PDCCH error probability, the packet drop ratio can still meet the high reliability KPI for URLLC. In case of medium and high load, whether taking the PDCCH error probability into account or not, the packet drop ratio can not meet the high reliability KPI for URLLC. URLLC system level evaluation does not need to consider the error probability of control channel.
Proposal7:  URLLC system level evaluation does not consider the error probability of control channel.

3 Conclusion

This contribution discusses use cases, simulation scenarios and simulation assumptions for URLLC, and concludes with the following proposals: 
Proposal1:  It is needed to classify and analyze the relevant KPIs and simulation assumptions for the typical URLLC use cases such as eHealth surgical robots operating, eV2X and Industrial control.
Proposal2:  URLLC system level evaluation should include small antenna number, low UE density and single layer macro-only scenario.
Proposal3:  FTP model 2 or 3 is used for the evaluation for URLLC. 

Proposal4:  Bi-directional traffic should be evaluated in TDD duplex mode for URLLC.
Proposal5:  To meet the URLLC target for reliability of 1-10-5 within 1ms, it needs 2~3 transmissions within 1ms, the error probability for each transmission is 1% or even 0.1%.

Proposal6:  URLLC evaluation is targeted for low traffic load.

Proposal7:  URLLC system level evaluation does not consider the error probability of control channel.

References
[1] RAN1 #85 Chairman’s Notes “7.1.2 Remaining issues on evaluation assumptions for new radio interface”.
[2] 3GPP TR36.814_v9.0.0“Further advancements for E-UTRA physical layer aspects”
[3] 3GPP TR38.913_v0.3.0“Next Generation Access Technologies”
[4] R1-166410, “Consideration on URLLC in NR frame structure”, ZTE
Appendix1:  Simulation parameters

	Parameters
	Assumptions

	Scenario
	Single layer 
-Macro layer: Hex.Grid

	Traffic model
	FTP model 3, 32bytes file size

	Carrier frequency
	Around 4GHz

	Traffic load(Resource utilization)
	λ for DL is 2/4/6, λ is fileNum /ms 

	Duplex mode
	FDD

	Macro eNB Tx power
	46dBm

	System bandwidth per carrier 
	80MHz 

	TTI length
	125µs

	Antenna configuration
	2Tx(eNB) , 1 Rx(UE)

	Small scaling fading channel
	Not modeled

	HARQ RTT 
	2TTIs

	Max retransmission times
	2

	BLER of PDSCH
	1%

	BLER of PDCCH
	1%
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