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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The following agreements were reached on the URLLC system level evaluation method at RAN1#86 meeting [1]:  
· From RAN1 perspective, the following scenarios are used as a starting point for initial URLLC evaluations
· Indoor Hotspot scenario
· Urban Macro scenario 
· System level evaluation method is used for URLLC system capacity study to analyze impact from inter-cell interference, queuing and scheduling latency, multiplexing with other services
· URLLC system capacity is calculated as follows:
· C(L, R) is the maximum offered cell load under which Y% of 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 cannot meet latency L and link reliability R bound
· Companies report their assumption on X
In this contribution, deployment scenarios, traffic model, UE distribution and URLLC/eMBB multiplexing capacity related simulation assumptions for URLLC are discussed and proposals are provided.
Simulation scenarios and assumptions
Deployment scenarios
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]In RAN1 #86 meeting, dedicated scenarios for eV2X have been discussed. The typical URLLC use cases that can be further considered are eHealth surgical robots operating, smart grid and industrial control. For the smart grid use case, we can study the Urban Macro with 500m ISD and Rural with 1732m ISD deployment scenarios. For the industrial control use case, we should consider the indoor hotspot (layout of open office with 12 TRPs per 120m*50m，ie.20m ISD) deployment scenario. Four deployment scenarios are considered for system-level evaluation: indoor hotspot, dense urban, urban macro and rural. Indoor hotspot is more close to factory environment and suitable for industrial control use case. Dense urban can focus on high user densities scenarios. But for eHealth operation, it is mainly in very deep indoor environment. The number of antennas per site will be very small. It is even possible to only have one antenna in order to reduce the processing complexity. Also, the UE density for such type of service should be small. Therefore, Urban Macro layout is preferred as use case for eHealth surgical robots operating.
Proposal1:  Indoor hotspot and urban macro scenarios are used as a starting point for initial URLLC evaluations. Rural scenario can be considered as additional one.
Traffic model for URLLC evaluation
At RAN1 #86，it was agreed to use a non-full buffer traffic model for URLLC capacity evaluation. FTP traffic models 1, 2 and 3 in TR36.814 could be candidates. The FTP traffic model 1, 2 and 3 are shown in Figure 1.


Figure 1 FTP models
· FTP model 1:  Only one file is transmitted for a user and this user is disregarded after transmission. The user arrival rate λ is modelled as a Poisson distribution.
· FTP model 2: 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 the previous file and the user request for the next file. The reading time D is modelled as an exponential Distribution.
· FTP Model 3: For a certain user, the file transmission interval is variable. File arrival rate λ is modelled as a Poisson distribution.

In FTP model 1, each user downloads only one file and is disregarded after transmission, which is described as single file transmission mode. However, in industrial control or eHealth operation, each user downloading only one file is not realistic. FTP mode l may simplify the simulation, but it may not be suitable for URLLC. 
In FTP model 3, the file transmission interval is variable. If a new packet arrives at a TTI while a retransmission of an old packet is happening for the same UE, the new packet transmission has to wait for the next TTI to transmit, as restricted by LTE standard. This increases the data transfer latency. However, we have found that this has negligible impact to the latency according to our preliminary simulations. Therefore, FTP models 2 or 3 could be equally considered for the URLLC evaluation.
As shown in [3], for medium and high load, the packet drop ratio will be as high as 3.2x10-3. It cannot meet the reliability target for the URLLC. We suggest that the URLLC evaluation is more targeted towards a low traffic load. As suggested in [4], the URLLC file sizes are 32 bytes, 50 bytes, and 200 bytes. Real time video may consider the large file size of 200 bytes. However, it may not need the extreme high reliability for video services. Thus, 32 bytes or 50 bytes can be selected as a starting point, at least for the high reliability case.
For the non-full buffer traffic model of URLLC, the file arrival rate time is modelled as periodic or Poisson distributed. For uplink access, the scheduling latency has to be considered. Fast uplink access can be enabled by grant-free access or SPS to meet the URLLC user plane latency target of 0.5 ms in both UL and DL
[bookmark: OLE_LINK4]Proposal2:  FTP model 2 or 3 is used for the evaluation for URLLC with a fixed packet size of e.g. 32 bytes or 50 bytes and low traffic load. 
Proposal3:  file arrival time is modelled as periodic or Poisson distributed. 
Discussion on UE distribution and scheduler assumption
[bookmark: OLE_LINK5]As the previous section described, due to the stringent delay and reliability target, URLLC evaluation is targeted at low traffic load, and the utilization of radio resource is generally low. Therefore, multiplexing of URLLC and eMBB can make full use of the system resources. In the system simulation, it is inevitable to consider how to drop URLLC and eMBB UEs. To meet the reliability target of URLLC which is 1-10-5 within 1 ms, huge number of packets needs to be simulated. In order to create inter-cell interference and speed up the simulation, the system level simulator drops all 20 URLLC UEs and 10 eMBB UEs into one cell and other cells have one eMBB UE [5].
The scheduling algorithm of URLLC should consider the delay and reliability target. When choosing the Proportional Fair algorithm to decide UE priority, the scheduler considers the long term accumulated average throughput without 1ms accumulated throughput. Round robin does not consider the latency requirements at all. So, we suggest adopting the algorithm which always schedules the UE close to 1 ms deadline.
Proposal 4:  Dropping all 20 URLLC UEs and 10 eMBB UEs into one cell, and other cells having one eMBB UE.
Proposal 5: The scheduling algorithm is earliest latency deadline first for URLLC.
Analysis on URLLC and eMBB multiplexing capacity simulation 
Multiplexing of URLLC and eMBB should make full use of the system resources. For multiplexing of URLLC and eMBB, there are two options for the processing:
· Option 1: semi-static multiplexing of eMBB and URLLC. Both FDM and TDM may be considered to achieve a part of time-frequency resource which is configured or reserved for URLLC UEs. But in case of file arrival rate λ which is modelled as a Poisson distribution, semi-static multiplexing may lead to the waste of resources. This is because a part of the bandwidth is reserved for URLLC but URLLC service is not always active. So option1 is suitable for file arrival rate λ to be modelled as periodic.
Considering the design of frame structure, control channel and RS structure, eMBB and URLLC can be multiplexed with different TTI lengths in the same carrier. A part of the time/frequency resources reserved for URLLC can be configured with shortened TTI, dedicated control channel and RS to meet low latency requirement. 
· Option 2: dynamic multiplexing of eMBB and URLLC. File arrival rate modelled as a Poisson distribution is more suitable for option2. To support URLLC, parts of the eMBB time-frequency resources may be punctured. The puncturing method includes transparent and non-transparent schemes.
· Transparent puncturing: The eMBB UE does not know which resources are occupied by the URLLC service. This case does not need extra signaling to inform the eMBB UE about resources which are occupied by URLLC. The channel coding scheme for eMBB should be enhanced to avoid capacity loss.
· Non-transparent puncturing: In case of non-transparent puncturing, extra signaling is needed to let the eMBB UE know the URLLC allocation information.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]We propose to use system level simulation to evaluate transparent and non-transparent puncturing methods for the URLLC/ eMBB multiplexing.  
Proposal 6: Periodicity traffic is suitable for semi-static multiplexing of eMBB and URLLC services. Poisson distribution of traffic is suitable for dynamic multiplexing of eMBB and URLLC services.
Proposal 7: System level simulation should evaluate transparent and non-transparent puncturing methods for URLLC/ eMBB multiplexing.  
Conclusion
This contribution discusses deployment scenarios, traffic model, UE distribution and URLLC/eMBB multiplexing capacity for system level simulation assumptions for URLLC. We conclude with the following proposals: 
Proposal 1:  Indoor hotspot and urban macro scenarios are used as a starting point for initial URLLC evaluations. Rural scenario can be considered as additional one.
Proposal 2:  FTP model 2 or 3 is used for the evaluation for URLLC with a fixed packet size of e.g. 32 bytes or 50 bytes and low traffic load. 
Proposal 3:  File arrival time is modelled as periodic or Poisson distributed.
Proposal 4:  Dropping all 20 URLLC UEs and 10 eMBB UEs into one cell, and other cells having one eMBB UE.
Proposal 5: The scheduling algorithm is earliest latency deadline first for URLLC.
Proposal 6: Periodicity traffic is suitable for semi-static multiplexing of eMBB and URLLC services. Poisson distribution of traffic is suitable for dynamic multiplexing of eMBB and URLLC services.
Proposal 7: System level simulation should evaluate transparent and non-transparent puncturing methods for URLLC/ eMBB multiplexing.  
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Appendix1:  Simulation parameters
We propose the following SLS simulation assumption in Table1.

Table 1
	Parameters
	Assumptions

	Scenario 
	Single layer 
-Macro layer: Hex.Grid 

	Traffic model 
	FTPmodel3, 50bytes file size, Poisson packet arrival or periodicity 

	Carrier frequency 
	Around 4GHz 

	Traffic load(Resource utilization) 
	low load 

	Duplex mode 
	FDD 

	Deployment scenarios 
	Indoor hotspot /Urban Macro 

	Macro eNB Tx power 
	46dBm 

	UE Tx power 
	23dBm 

	BS antenna height 
	25m 

	BS receiver noise figure 
	5 dB 

	UE receiver noise figure 
	9 dB 

	System bandwidth per carrier 
	80MHz 

	TTI length 
	125µs 

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

	Channel model 
	3D  InH/UMa 

	HARQ RTT 
	2TTIs 

	Max retransmission times 
	2 

	BLER of PDSCH 
	1% 
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