3GPP TSG RAN WG1 Meeting 90bis					R1-1717290
Prague, CZ, 9th – 13th, October 2017
Agenda Item:	6.2.9.2
Source: 	LG Electronics
Title: 	Consideration on evaluation assumptions for LTE URLLC
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
Introduction
From previous meetings, following agreement and evaluation assumption were made for NR URLLC [1-3]:
	From RAN1#85
Agreements:
The following performance metrics are defined for evaluation and feature selection in RAN1 (FFS the method of evaluation, including whether SLS are required): 
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

From RAN1#86
Agreements:
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
Note: definition of latency L and target link reliability R is provided in R1-168371

Agreements:
From RAN1 perspective, the following scenarios are used as a starting point for initial URLLC evaluations
Indoor Hotspot scenario
Urban Macro scenario




Discussion on evaluation assumption for LTE URLLC
For NR URLLC, we had made evaluation assumption with several consideration points. Also for LTE HRLLCURLLC, similar consideration points can be re-used. Firstly, we can consider use cases of high reliable and low latency communication as discussed in our companion contribution [4]. In TR. 22.891, multiple applications for high reliable and low latency applications are mentioned including industrial control system, real-time control of vehicles, virtual presence, tactile internet, etc. Some requirements of different applications are shown in Table 1.
[bookmark: _Ref458526792][bookmark: _Ref458526787]Table 1. URLLC Use cases
	Sample use case
	Description
	Critical Requirements

	Substation protection and control
	Automates fault detection and isolation to prevent large scale power outage
For example, Merging Units (MUs) perform periodic measurements of power system components, and send sampled measurement data to a Protection Relay. When the Protection Relay detects a fault, it sends signals to trip circuit breakers.
	Latency: as low as 1 ms end-to-end 
Packet loss rate: as low as 1e-04
Transmission frequency: 80 samples/cycle for protection applications. 256 samples/ cycle for quality analysis & recording
Data rate: ~12.5Mbps per MU at 256 samples/cycle
Range: provide coverage to the substation

	Smart grid system with distributed sensors and management 

	A smart grid system aims at improving the efficiency of energy distribution and requires prompt reaction in reconfiguring the smart grid network in response to unforeseen events. 

	Performance requirements are derived from EC FP7 project METIS Deliverable D.1.1:
- Throughput: from 200 to 1521 bytes reliably delivered in 8 ms, 
- One trip time latency between any two communicating points should be less than 8 ms for event-triggered message that may occur anytime. 
- Device density: dense urban hundreds of UEs per square km; urban: around 15 UEs per square km; populated rural: max 1 UE per squared km.

	Virtual presence
	A use case can be:
Phil works in a multinational company which has offices in many big cities. He has regular meetings with colleagues based in other countries. He uses to have real time 360° video communications: he wears Virtual Presence glasses, allowing to be merged in a meeting room where he can see all his other colleagues sitting around a table. He can interact with them in real time as if they were just in front of him.
	The roundtrip delay shall be in the magnitude of 2-4 ms with a bandwidth capable of running an 8k stereo video stream [250Mbps] uplink and downlink.


	Industrial control
	Several industrial control applications require high reliability and very low latency (~1ms) whereas the data rate requirement may be relatively low. In some case also high data rates may be required, e.g., in the uplink, to deliver live video stream to a physical operator, or a computer which then analyses the video and adapts the control to the situation (10s of Mbps per user in a dense environment).

	The 3GPP system shall support very low latency (~1 ms)
The 3GPP system shall support very high reliability
The 3GPP system shall support very high availability
The 3GPP system shall support high uplink data rate (tens of Mbps per device in a dense environment)

	Tactile Internet
	Tactile internet, defined as "Extremely low latency in combination with high availability, reliability and security will define the character of the Tactile Internet", makes the cellular network an extension of our human sensory and neural system. Human sensory system requires a millisecond or lower latency to give the impression of immediate response. If the force feedback from a remotely operated tool comes too late, the operation of the tool becomes difficult. If the visual feedback from a virtual or augmented reality headset arrives too late, the human operator may have nausea.

	The 3GPP System shall support very low latency (~1 ms)
The 3GPP System shall support very high reliability
The 3GPP System shall support connections that are very difficult to block, modify, or hijack




As shown discussed in our companion contribution regarding various URLLC use cases [4], it is observed that in the table, different applications including different traffic rate and latency requirements need to be supported in LTE URLLC design. In LTE URLLC, these use cases should be served with a bit ofpotential relaxation in terms of combinations of reliability and latency [5].  [4]. In other words, for example, very challenging requirements such as U-plane of 0.5msec may not be easily achievable in LTE TDD unless considerable changes are made. In the evaluation of various techniques and requirements, Iin this sense, different traffic models with different target reliability and latency requirements need to be considered. For the overall evaluation mechanism, we can start from evaluation assumptions made for NR URLLC. 
at least traffic model of URLLC can be re-used for LTE URLLC evaluation. Based on this observation, we propose the followings.
Proposal 1: For evaluation related to LTE URLLC, the traffic model for NR URLLC in TR 38.802 is used as starting point of traffic model for LTE URLLC. 
[bookmark: _GoBack]Regarding existing LTE system, it is important to consider backward compatibility. In NR URLLC, we have considered some feature such as multiplexing data with different transmission duration. These features require additional UE behaviour of non-URLLC UE for URLLC UE. However, it is hard to support co-operation between conventional UE and URLLC UE in LTE. In this point of view, gNB can only support scheduling-based method for URLLC, not multiplexing method. Though, more efficient multiplexing among different TTI durations can be considered for advanced UEs, impact on legacy UEs should be considered where the proposed mechanisms should not degrade the performance of legacy UEs. For this matter, at least Tthe case where herefore, LTE URLLC UEs using shortened TTI may use orthogonal time/frequency resources which are orthogonal to resources used for otherto legacy LTE UEs with UE using normal/shortened TTI should be evaluated. If there are clear benefits for non-orthogonal resource sharing between different TTI lengths or UEs, those may be considered with lower priority.  In this case, unlike NR, it seems not necessary to consider non-URLLC UE and its traffic in LTE URLLC evaluation. MeanwhileThus, instead of focusing on capacity of eMBB/URLLC UEs, LTE URLLC evaluations first can focus on, capacity and spectral efficiency URLLC UEs only resource efficiency or wastage should be considered as performance metric since that point. When orthogonal resources are used, low capacity and spectral efficiency can bring a lack of resources for non-URLLC UE. To minimize side effect of supporting URLLC, LTE URLLC solution should be designed with consideration of capacity and spectral efficiency. 
Proposal 2: For LTE URLLC evaluation, it is not necessary to consider the non-URLLC trafficURLLC UEs only case is prioritized. 
Proposal 3: resource efficiency or utilizationURLLC capacity and spectral efficiency should be considered as performance metric for LTE URLLC evaluation. 

Conclusion
In this contribution, we discuss on evaluation for LTE URLLC. Our proposals are as follows:
Proposal 1: For evaluation related to LTE URLLC, the traffic model for NR URLLC in TR 38.802 is used as starting point of traffic model for LTE URLLC. 
Proposal 2: For LTE URLLC evaluation, URLLC UEs only case is prioritized. 
Proposal 2: For LTE URLLC evaluation, it is not necessary to consider the non-URLLC traffic. 
Proposal 3: URLLC capacity and spectral efficiency should be considered as performance metric for LTE URLLC evaluation. 
Proposal 3: resource efficiency or utilization should be considered as performance metric for LTE URLLC evaluation. 
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Appendix: evaluation assumption in TR 38.802

	Attributes
	Values or assumptions

	Carrier Frequency
	700MHz and 4 GHz (FDD and TDD)

	Modulation and coding rate
	QPSK, 16QAM, 64QAM

	
	1/12, 1/6, 1/3

	
	Other MCS not precluded

	
	Comparison should be made for the same spectrum efficiency

	User bandwidth
	Companies report

	Latency bound  
	1ms 

	
	Other values are not precluded

	
	Companies report delay assumptions according to Table 1 in R1-166485 

	SINR range
	-5dB to 20dB

	
	Larger range is not precluded

	Sub-carrier spacing
	Companies report

	TTI length
	Companies report

	OFDM symbols per TTI
	Companies report

	Channel model
	TDL/CDL in TR38.900; user speed = 3km/h, 15km/h (other user speed is not precluded)

	BS antenna configuration
	2/4/8 Tx/Rx ports as start point

	
	Other values (i.e., up to 256)  are not precluded

	UE antenna elements
	2/4 Tx/Rx ports as start point

	
	Other values (i.e., up to 8) are not precluded

	Packet arrive rate
	Option 1: periodically

	
	Option 2: Poisson arrival with arrival rate  

	PHY Packet size
	32 byte, 50 byte, 200 byte 

	
	Other values are not precluded.

	ACK Feedback assumption
	Ideal as start point

	
	NOTE: It is also possible that no ACK feedback is needed, 

	Channel estimation
	Ideal as start point; Realistic is not precluded when RS design is ready

	CQI feedback assumption
	Companies report the feedback scheme if any


Table A.1: Simulation assumptions for URLLC for Link level simulation assumption

	Parameters
	Urban Macro
	Indoor Hotspot

	Layout
	Single layer
	Single-layer

	
	Macro layer: Hexagonal Grid
	Indoor floor: (3,6,12) BSs per 120 m x 50 m

	Inter-BS distance 
	500 m
	Follow TRP placement from 38.802

	Carrier frequency 
	4 GHz
	4 GHz

	Aggregated system bandwidth
	4 GHz: Up to 200 MHz (DL+UL)
	4 GHz: Up to 200 MHz (DL+UL)

	Simulation bandwidth
	20 MHz per CC below 6 GHz

	
	Note: For FDD, simulation BW is split equally between UL and DL

	
	Other bandwidths are not precluded

	Channel model
	36.873 3D Uma
	Below 6 GHz: ITU InH

	
	
	Note: When 5GCM is found to be applicable to below 6 GHz, 5GCM  should be used

	BS Tx power
	46 dBm per 20 MHz
	24 dBm per 20 MHz

	UE Tx power 
	23 dBm

	BS antenna configurations
	See 38.802, table A.2.1-4.

	BS antenna height 
	25 m
	3 m

	BS antenna element gain + connector loss
	See 38.802, table A.2.1-4.

	BS receiver noise figure
	Below 6 GHz: 5 dB

	UE antenna configurations
	See 38.802, table A.2.1-4.

	UE antenna height
	Follow the modelling of TR 36.873

	UE antenna gain
	Follow the modelling of TR 36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Unidirectional and bidirectional (DL or UL).

	
	URLLC: Both FTP Model 3 (with Poisson arrival) and periodic packet arrivals with packet size 32, 50, 200 bytes.

	
	eMBB: Option 1: Full buffer, Option 2: FTP model 3 with packet size, 0.1Mbytes and 0.5Mbytes

	Traffic load (Resource utilization)
	URLLC: Packet arrival to achieve URLLC capacity

	
	eMBB: For FTP Model 3, arrival rate is selected to achieve RU of [20, 50] % for the case of no multiplexing with URLLC

	UE distribution
	Follow Urban Macro user distribution for both URLLC and eMBB UEs
	Follow Indoor Hotspot user distribution for both URLLC and eMBB UEs

	
	20% Outdoor in cars: 30 km/h,
	100% Indoor, 3 km/h

	
	80% Indoor: 3 km/h ()
	　

	
	URLLC: 10 UE/sector
	URLLC: 10 UE/floor/TRP

	
	eMBB: 0/10 UE/sector
	eMBB: 0/10 UE/floor/TRP

	
	Option 1 (DL only)
	　

	
	Load only center 1 sector with 10 URLLCC and 0/10 eMBB
	　

	
	Load other 56 sectors with 1 eMBB
	　

	
	1 eMBB UE in the other 56 sectors is of the same traffic model as the eMBB UEs in the center sector
	　

	
	Option 2
	　

	
	Load all sectors with 10 URLLCC and 0/10 eMBB
	　

	BS receiver
	Reported by companies, Baseline is MMSE-IRC

	UE receiver
	Reported by companies, Baseline is MMSE-IRC

	Feedback assumption & Link adaptation assumptions 
	Reported by companies

	Channel estimation
	Reported by companies, Practical channel estimation

	Others
	Companies report the assumption on admission control used


Table A.2: Simulation assumptions for URLLC for system-level simulation


