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1 Introduction
In RAN #75 meeting, the new WI: Highly Reliable Low Latency Communication for LTE was approved [1]:
The work is to be carried out in two phases. 

Phase 1 (till RAN #78)

· Identify improved communication reliability and different latency constraints combinations for both wide 

        and local area deployments

·   Consider the ITU IMT-2020 and the 3GPP TR 38.913 requirements on URLLC and the ability to  
enable the network to operation with a range of reliability targets and latency constraints.         

· Identify any potential new evaluations scenarios.

Phase 2 is to specify the most promising candidate solution(s) identified in the first phase.

In this contribution, use cases, deployment scenarios, traffic model and simulation assumptions for Highly Reliable Low Latency Communication in LTE are discussed.

2 Discussion

2.1 Discussion on HRLLC Use Cases and Deployment Scenarios

Analysis on HRLLC Use Cases

HRLLC based on LTE technology are targeted to serve new use cases and to remain technologically competitive up to and beyond 2020. So, it needs to clarify and analyze the relevant KPIs and simulation assumptions for the HRLLC use cases. KPIs and deployment scenarios of different use cases for HRLLC are given in Table 1 [2]. 

As shown in Table 1, the latency and reliability are divided into three levels (e.g., low, lower, lowest for latency;  high, higher, highest for reliability). But the exact value is still FFS. As specified in [1], the first phase of HRLLC is to identify improved communication reliability and different latency constraints combinations for both wide and local area deployments. But from table 1, we can see the wide area deployment scenario is only for eV2X, which has been discussing in another work item. Therefore, we suggest to use local area deployment as a starting point for initial HRLLC evaluation.

Table 1  Possible use cases of HRLLC

	Use  Case
	KPI
	Deployment scenario

	eHealth surgical robots operating
	Low latency,

High reliability
	Very deep indoor environment

	eV2X
	Lower latency

Higher reliability
	Wide Area

	Industrial control
	Lowest latency

Highest reliability
	Factory hall(indoor)

	Smart grid
	Low latency

High reliability
	UMa environment


Proposal1: Local area use cases such as eHealth surgical robots operating, Industrial control and Smart grid should be the starting point for initial HRLLC evaluation.
Deployment scenarios 

Deployment scenarios of URLLC have been discussed in TR38.913. In the RAN1 #86 meeting, the following system level scenarios were agreed to be used as a starting point for initial URLLC evaluation:

· Indoor Hotspot scenario

· Urban Macro scenario

As discussed above, local area deployment should be evaluated for the typical HRLLC use cases. For system level simulation, local area generally include indoor hotspot and urban macro. Therefore, we  propose that indoor hotspot (layout of open office with 12 TRPs per 120m*50m，ie.20m ISD) and urban macro deployment scenarios (ITU macro scenario with ISD=500ms that includes 7 sites and 21 cells in wrap-round) are used for the evaluation of HRLLC. And the details of system level assumptions for HRLLC are listed in Appendix 1.
Proposal 2: For system level simulation, the deployment scenarios including indoor hotspot and urban macro are used as a starting point for initial HRLLC evaluations.
2.2 Traffic model and File size

File size
According to the simulation results and simulation assumptions in short TTI and URLLC SI phase [3][4], it shows that short TTI/ URLLC are more suitable for low traffic load and small file size scenario. Similarly, low traffic load and small file size scenario should be used in HRLLC evaluation.

Traffic model

In the RAN1 #86，it was agreed to use non-full buffer traffic model for URLLC capacity evaluation. Similar to URLLC, HRLLC should also consider Poisson distributed traffic model. So, Poisson arrival rate of ( is also suggested for HRLLC.

FTP traffic models 1, 2 and 3 in TR36.814 could be the candidates. The FTP traffic model 1, 2 and 3 are shown in Figure 1.
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Figure 1 FTP traffic models
FTP model1:  Only one file is transmitted for a user and this user is disregarded after transmission. The user arrival rate λ is modeled as a Poisson distribution.
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 the previous file and the user request for the next file. The reading time D is modeled as an exponential distribution.
FTP Model 3: For a certain user, the file transmission interval is variable. File arrival rate λ is modeled 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, for the typical HRLLC use cases, each user downloading only one file is not realistic. FTP mode l may simplify the simulation, but it may not be suitable for HRLLC. 
Proposal 3: The HRLLC evaluation with low traffic load, small file size and FTP model 2 or 3 should be used.

2.3 Discussion on UE distribution and scheduler assumption

For resource sharing between eMBB and URLLC In NR, it was agreed that DL dynamic resources sharing between eMBB and URLLC is supported without pre-emption by scheduling the eMBB and URLLC services on non-overlapping time/frequency resources.
Similarly, eMBB and HRLLC services can be FDMed as the baseline. In the system simulation, it is inevitable to consider how to load HRLLC and eMBB UEs. To meet the reliability target of HRLLC, huge number of packets needs to be simulated. In order to introduce inter-cell interference and speed up the simulation, the system level simulator loads X HRLLC UEs and X eMBB UEs into one cell, and for other cells, loads one eMBB UE in each cell [5]. In URLLC, X=10 is used, and it can be applied for HRLLC.

The scheduling algorithm of HRLLC should consider the delay and reliability target. When choosing the proportional fair algorithm to decide the UE priority, the scheduler uses the long term accumulated average throughput, while not the accumulated throughput within the latency target of HRLLC. Round robin does not consider the latency requirements at all. So, we suggest adopting the algorithm which always schedules the UE close to the latency target in HRLLC.
Proposal4:  Load X HRLLC UEs and X eMBB UEs into one cell, and for other cells, load one eMBB UE in each cell. FFS the value of X. 
Proposal5: For HRLLC,  the scheduling algorithm is earliest latency deadline first .

3 Conclusion

This contribution discusses use cases, deployment scenarios, traffic model and simulation assumptions for HRLLC, and concludes with the following proposals: 

Proposal1: Local area use cases such as eHealth surgical robots operating, Industrial control and Smart grid should be the starting point for initial HRLLC evaluation.
Proposal 2: For system level simulation, the deployment scenarios including indoor hotspot and urban macro are used as a starting point for initial HRLLC evaluations.
Proposal 3: The HRLLC evaluation with low traffic load, small file size and FTP model 2 or 3 should be used.

Proposal4:  Load X HRLLC UEs and X eMBB UEs into one cell, and for other cells, load one eMBB UE in each cell. FFS the value of X. 
Proposal5: For HRLLC,  the scheduling algorithm is earliest latency deadline first .
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Appendix1:  Simulation parameters

	Parameters
	Urban Macro
	Indoor Hotspot

	Scenario
	Single-layer

Macro layer： Hex.Grid
	Single-layer

Indoor floor: 12BSs per 120m*50m

	Inter-BS distance
	500 m
	20 m

	Duplex mode
	FDD

	Carrier frequency
	4 GHz

	System bandwidth per carrier
	20 MHz

	Subcarrier space
	15KHz

	sTTI length
	2/3OS/7OS/14OS

	Channel model
	3D UMa , based on radio-distance
	ITU InH

	gNB Tx power
	46 dBm
	24 dBm

	UE Tx power
	23 dBm

	BS antenna height
	25 m
	3 m

	BS antenna element gain + connector loss
	8dBi

	BS receiver noise figure
	Below 6 GHz: 5 dB

	UE antenna height
	Outdoor：1.5m

Indoor： 1.5m~22.5m
	1.5m

	UE receiver noise figure
	9dB

	Traffic model
	FTP model 2 or 3, packet size 32, 50 bytes

	Traffic load(Resource utilization)
	HRLLC: Poisson packet arrival with arrival rate λ to achieve HRLLC capacity
eMBB:     Full buffer

	UE distribution
	20% Outdoor in cars: 3km/h,

80% Indoor: 3 km/h 
Load only center 1 sector with 10 HRLLC and 10 eMBB

Load other 20 sectors with 1 eMBB
	100% Indoor, 3 km/h

HRLLC: 10 UE/floor/TRP

eMBB: 10 UE/floor/TRP

	HARQ RTT
	6TTIs/8TTIs/12TTIs

	Max retransmission times
	2 

	BLER of PDSCH
	1%

	BLER of PDCCH
	Error free

	Channel estimation
	Ideal channel estimation

	Performance metric
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