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Introduction
At RAN#75 a new Work Item on Ultra Reliable and Low Latency communication was approved [1][1]. 
In the first phase of the Work Item, different requirements on reliability and latency are to be identified together with any potential evaluation scenarios.
	Phase 1 (till RAN#78)
· Identify improved communication reliability and different latency constraints combinations for both wide and local area deployments [RAN1]
· 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 [RAN1]



This contribution presents our views on the evaluation scenarios of URLLC for LTE.
[bookmark: _Ref178064866]Discussion
Use cases and target requirements
In [3] we present our view on the use cases and target requirements for the work on URLLC for LTE. The two use cases proposed are captured in Table 1.

[bookmark: _Ref494366030]Table 1: Target latency and reliability requirements for URLLC for LTE
	Use case
	Latency bound
	Reliability
	Scenario
	Payload size [bytes]

	1
	1 ms
	10-5
	LA/WA
	32

	2
	10 ms
	10-5
	WA
	50 or 200


Evaluation scenarios
General
To evaluate the above use cases, assumption on the scenarios for simulations are required.
Considering that URLLC work is also carried out for NR in parallel and that the WI targets to align both requirements (“Consider the ITU IMT-2020 and the 3GPP TR 38.913 requirements on URLLC”) and technical solutions (“Identify solutions …, considering that differences in selected high level techniques between NR and LTE should be justified”) between LTE and NR, it is also justified to try to align the evaluation scenarios (see [4] and [5]) as much as possible.
[bookmark: _Ref494466521]Evaluation scenarios should as guiding principle follow the ones in 3GPP TR 38.802 and/or IMT-2020 Eval Report, as much as possible
In [4], assumptions for both link and system level evaluations are defined. In the IMT-2020 work the only use of system simulations for URLLC is to collect statistics for long-term SINR CDFs. It is proposed to follow the same methodology for the evaluation in this work.
[bookmark: _Toc494371762][bookmark: _Ref494373835][bookmark: _Toc494476269]The only use of system simulations is to follow the methodology from IMT-2020 to derive long-term SINR CDFs from the system
From the SINR CDFs the 5th percentile is read and used in link simulations as the minimum target SINR.
[bookmark: _Toc494371763][bookmark: _Ref494373842][bookmark: _Toc494476270]From SINR CDFs from system simulations, the 5th percentile is read and taken as minimum target S(I)NR for link level evaluations
System level evaluations
Provided that the system level evaluations are used for deriving the minimum SINR for link level evaluations (see Proposal 1 and Proposal 2), the principle characteristics of the system, such as carrier frequency should be aligned. Also, since the methodology for system level evaluations from the IMT-2020 requirements [2] is proposed to be reused, it is motivated to also use the IMT-2020 system scenario for URLLC. Since IMT-2020 specifies system parameters for URLLC in an urban macro scenario, it is proposed to make use of the Indoor-Hotspot scenario for eMBB and use it to derive the minimum SINR point for URLLC LA. The only change needed to align with link simulations is changing the carrier frequency to 700 MHz. The two tables provided in [6] are provided in the Annex.
[bookmark: _Toc494476271]Use the Urban Macro–URLLC, Configuration B (700 MHz) evaluation configuration from “Guidelines for evaluation of radio interface technologies for IMT-2020 [IMT-2020.EVAL]” for deriving minimum SINR for link level evaluations in WA
[bookmark: _Toc494476272]Use the Indoor Hotspot-eMBB, Configuration A, and changing the carrier frequency to 700 MHz, evaluation configuration from “Guidelines for evaluation of radio interface technologies for IMT-2020 [IMT-2020.EVAL]” for deriving minimum SINR for link level evaluations in LA
Although the assumptions in ITU provides some flexibility in terms of the antenna elements to assume, it should be noted that there is a dependency between the antenna configuration assumed in system level simulations and the number of antennas assumed in the link level simulations based on the SINR distribution. They should both reflect the same hardware configuration for the overall methodology to work. That is, the full antenna configuration cannot be assumed in both link and system level evaluations.
The antenna elements assumed for system level simulations (SLS) will impact what can be assumed in the link level simulations (LLS) following the SLS
Link level evaluations
For the link level evaluations, the NR assumptions for URLLC should be followed where applicable and reasonable for LTE. 
For the link level evaluations, it is beneficial to align and follow NR assumptions for URLLC where applicable and reasonable for LTE
It is also of interest to align the simulation assumptions between companies and hence limit the parameter permutations possible in [4]. Some parameter values are also not of relevance and should therefore be removed.
Changes proposed to Table A.1.4-1 in [4] (original table also shown in Annex) with related motivation are:
· Only consider 700 MHz carrier frequency: There are no LTE bands at 4 GHz and for those defined close to 4 GHz they are rarely used in practise. Although the most typical operation of LTE lies between 700 MHz and 4 GHz, this is not a carrier frequency defined for IMT-2020 or NR.
· Remove row on latency bound of 1 ms and instead use the target requirements that will be agreed.
· Remove row on SINR range and instead use the minimum average SINR requirements that will be derived based on IMT-2020 methodology.
· Remove row on sub-carrier spacing. This is only relevant for NR
· Remove row on OFDM symbols per TTI. This is fixed with the LTE design of subframe, slot or subslot transmission duration
· Channel model is limited to TDL. Also, the 3GPP assumptions on RMS delay spread aligned with IMT-2020 evaluations (see [5] and [6]), as in Table 2. Also, only 3 km/h evaluated in for LA, while both 3 km/h and 15 km/h can be evaluated for WA
[bookmark: _Ref494369558]Table 2: Channel model
	Model
	
RMS delay spread () [ns]
	UE speed
	Scenario

	TDL-C
	363
	3 mk/h and/or 15 km/h
	WA

	TDL-E
	93
	
	

	TDL-A
	39
	3 km/h
	LA

	TDL-D
	20
	
	



· BS antenna configuration we believe should be further discussed on what number is used and if alignment to a single value is needed (see Observation 1).
· UE antenna elements are limited to only 4 Tx/Rx. It is reasonable to assume that a URLLC UE is more on the high-end, and considering the importance of diversity for URLLC having more antenna elements is typically the type of properties that are of interest.
· Remove row on packet arrival rate assumptions. This is more of interest for system level simulations, and link simulations shall be carried out with no dependencies between user packet arrival, or different packets associated with the same user.
· PHY packet size. It is proposed to at least use two different assumptions on packet size. For use case 1 (see Table 1) 32 bytes is already defined by IMT-2020 requirements [2]. For use case 2, we propose to use 50 or 200 bytes payload to allow some differentiation in the packet sizes evaluated.
· Channel estimation should be practical and not ideal. Considering the low SINR point that URLLC is expected to operate at, the impact from practical channel estimation cannot be ignored.

The resulting parameters with the above-mentioned changes are shown in Table 3.
[bookmark: _Ref494370632]Table 3: Proposed link level simulation assumptions for URLLC
	Attributes
	Values or assumptions

	Carrier Frequency
	700MHz (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

	TTI length
	Companies report

	Channel model
	
TDL-A; = 39 ns; 	LA; 3 km/h; 

TDL-C; = 363 ns; 	WA; 3 km/h and/or 15 km/h

TDL-D; = 20 ns; 	LA; 3 km/h

TDL-E; = 93 ns; 	WA; 3 km/h and/or 15 km/h

for details, see 3GPP TR 38.901

	UE antenna elements
	4 Tx/Rx ports2


	PHY Packet size
	32 byte (use case 1)
50 or 200 byte (use case 2)

	ACK Feedback assumption
	Ideal as start point (Note 1)

	Channel estimation
	Realistic

	CQI feedback assumption
	Companies report the feedback scheme if any

	NOTE:	Control channels including DL assignment/UL grant/ACK/NACK are to be evaluated further.
NOTE 1:	It is also possible that no ACK feedback is needed.
NOTE 2: 	Reflecting the UE antenna capability. Which antenna configuration is used in the link simulations will depend on what is assumed in the associated system level evaluations (see Observation 1)



The above changes can be captured in the following proposal:
[bookmark: _Toc494371764][bookmark: _Toc494476273]For link evaluations for URLLC in LTE, use:
· [bookmark: _Toc494371765][bookmark: _Toc494476274]Carrier frequency: 700 MHz
· [bookmark: _Toc494371766][bookmark: _Toc494476275]MCS: QPSK 1/2; 16QAM 1/6; 64QAM 1/3 (other values can be provided)
· [bookmark: _Toc494371767][bookmark: _Toc494476276]Channel models:
· 
[bookmark: _Toc494371768][bookmark: _Toc494476277]TDL-A: = 39 ns; 	LA; 3 km/h;
· 
[bookmark: _Toc494371769][bookmark: _Toc494476278]TDL-C: = 363 ns; 	WA; 3 km/h and/or 15 km/h
· 
[bookmark: _Toc494371770][bookmark: _Toc494476279]TDL-D: = 20 ns; 	LA; 3 km/h
· 
[bookmark: _Toc494371771][bookmark: _Toc494476280]TDL-E: = 93 ns; 	WA; 3 km/h and/or 15 km/h
· [bookmark: _Toc494371773][bookmark: _Toc494476281]UE antenna elements: 4 Tx/Rx ports
· [bookmark: _Toc494371774][bookmark: _Toc494476282]PHY packet size: 
· [bookmark: _Toc494371775][bookmark: _Toc494476283]32 bytes (for IMT-2020 requirements)
· [bookmark: _Toc494371776][bookmark: _Toc494476284]200 bytes (for requirement on 10 ms, 10-5 reliability)
· [bookmark: _Toc494371777][bookmark: _Toc494476285]Channel estimation: Realistic
[bookmark: _Toc494371778][bookmark: _Toc494476286]For link evaluations companies are to report assumption on:
· [bookmark: _Toc494371779][bookmark: _Toc494476287]User bandwidth
· [bookmark: _Toc494371780][bookmark: _Toc494476288]TTI length
· [bookmark: _Toc494371781][bookmark: _Toc494476289]ACK/NAK feedback
· [bookmark: _Toc494371782][bookmark: _Toc494476290]CQI feedback
Evaluation metric
Since both technical solutions are intended to be aligned between NR and LTE (when motivated) acc. to the WI guidelines (quoted above), it also makes sense to align how solutions are evaluated. It is proposed to use the link level evaluation methodology in 3GPP TR 38.802 [4], as quoted below.
	Reliability  
-	Definition: Reliability is defined as the success probability R of transmitting X bits within L seconds, 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 Q (e.g., coverage-edge).
-	Denoted as R(L, Q, SE), where SE is the required spectral efficiency and SE=X/L/B where B (in Hz) is the user bandwidth that is allocable to one device.
-	The latency bound L includes transmission latency, processing latency, retransmission latency and queuing/scheduling latency (including scheduling request and grant reception if any)
-	Evaluation method: Link level simulation as start point



[bookmark: _Toc494476291]Reuse evaluation metrics for reliability in link level evaluations from NR in 3GPP TR 38.802, subclause 11.1.

Conclusion
Based on the discussion in section 2 we the following proposals:
Proposal 1	The only use of system simulations is to follow the methodology from IMT-2020 to derive long-term SINR CDFs from the system
Proposal 2	From SINR CDFs from system simulations, the 5th percentile is read and taken as minimum target S(I)NR for link level evaluations
Proposal 3	Use the Urban Macro–URLLC, Configuration B (700 MHz) evaluation configuration from “Guidelines for evaluation of radio interface technologies for IMT-2020 [IMT-2020.EVAL]” for deriving minimum SINR for link level evaluations in WA
Proposal 4	Use the Indoor Hotspot-eMBB, Configuration A, and changing the carrier frequency to 700 MHz, evaluation configuration from “Guidelines for evaluation of radio interface technologies for IMT-2020 [IMT-2020.EVAL]” for deriving minimum SINR for link level evaluations in LA
Proposal 5	For link evaluations for URLLC in LTE, use:
		Carrier frequency: 700 MHz
		MCS: QPSK 1/2; 16QAM 1/6; 64QAM 1/3 (other values can be provided)
		Channel models:

			o	TDL-A: = 39 ns;  LA; 3 km/h;

			o	TDL-C: = 363 ns;  WA; 3 km/h and/or 15 km/h

			o	TDL-D: = 20 ns;  LA; 3 km/h

			o	TDL-E: = 93 ns;  WA; 3 km/h and/or 15 km/h
		UE antenna elements: 4 Tx/Rx ports
		PHY packet size:
			o	32 bytes (for IMT-2020 requirements)
			o	200 bytes (for requirement on 10 ms, 10-5 reliability)
		Channel estimation: Realistic
Proposal 6	For link evaluations companies are to report assumption on:
		User bandwidth
		TTI length
		ACK/NAK feedback
		CQI feedback
Proposal 7	Reuse evaluation metrics for reliability in link level evaluations from NR in 3GPP TR 38.802, subclause 11.1.
[bookmark: _GoBack]
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Annex
Snippet from IMT-2020 Eval [5]
	7.1.5	Reliability
The evaluator shall perform the following steps in order to evaluate the reliability requirement using system-level simulation followed by link-level simulations.
Step 1: 	Run downlink or uplink full buffer system-level simulations of candidate RITs/SRITs using the evaluation parameters of Urban Macro-URLLC test environment see § 8.4.1, and collect overall statistics for downlink or uplink SINR values, and construct CDF over these values.
Step 2:	Use the CDF for the Urban Macro-URLLC test environment to save the respective 5th percentile downlink or uplink SINR value.
Step 3:	Run corresponding link-level simulations for either NLOS or LOS channel conditions using the associated parameters in the Table 8-X2 of this report, § 8.4, to obtain success probability, which equals to (1-Pe), where Pe is the residual packet error ratio within maximum delay time as a function of SINR taking into account retransmission.
Step 4:	The proposal fulfils the reliability requirement if at the 5th percentile downlink or uplink SINR value of Step 2 and within the required delay, the success probability derived in Step 3 is larger than or equal to the required success probability. It is sufficient to fulfil the requirement in either downlink or uplink in either NLOS or LOS channel conditions


Link simulation assumptions from [4]
Table A.1.4-1 from [4] is shown below.
Table 4: Table A.1.4-1 reproduced from [4]
	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 TR 38.901 [15]; 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 1)

	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

	NOTE:	control channels including DL assignment/UL grant/ACK/NACK are to be evaluated further.
NOTE 1:	It is also possible that no ACK feedback is needed.


System simulation assumptions from [[5]]
Table 5: System level simulations for LA evaluations
	Parameters
	Indoor Hotspot-eMBB

	
	Configuration A

	Baseline evaluation configuration parameters

	Carrier frequency for evaluation
	4 GHz 700 MHz

	BS antenna height
	3 m

	Total transmit power per TRxP
	24 dBm for 20 MHz;
21 dBm for 10 MHz

	UE power class
	23 dBm

	Additional parameters for system-level simulation

	Inter-site distance
	20 m

	Number of antenna elements per TRxP
	Up to 256 Tx/Rx

	Number of UE antenna elements
	Up to 8 Tx/Rx

	Device deployment
	Randomly and uniformly distributed over area
100% indoor

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction

	UE speeds of interest
	100% indoor, 3 km/h

	Inter-site interference modeling
	Explicitly modelled

	BS noise figure
	5 dB

	UE noise figure
	7 dB

	BS antenna element gain
	8 dBi

	UE antenna element gain
	0 dBi

	Thermal noise level
	-174 dBm/Hz

	Traffic model
	Full buffer

	Simulation bandwidth
	20 MHz for TDD, 10 MHz+10 MHz for FDD

	UE density
	10 UEs per TRxP
randomly and uniformly dropped throughout the geographical area

	UE antenna height
	1.5 m



Table 6: System level simulations for WA evaluations
	Parameters
	Urban Macro–URLLC

	
	Reliability Evaluation

	
	Configuration B

	Baseline evaluation configuration parameters

	Carrier frequency for evaluation
	700 MHz

	BS antenna height
	25 m

	Total transmit power per TRxP
	49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm

	Percentage of high loss and low loss building type (Note 1)
	100% low loss

	Additional parameters for system-level simulation

	Inter-site distance
	500 m

	Number of antenna elements per TRxP1
	Up to 64 Tx/Rx

	Number of UE antenna elements
	Up to 4Tx/Rx

	Device deployment
	80% outdoor,
20% indoor

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction

	UE speeds of interest
	3 km/h for indoor and 30km/h for outdoor

	Inter-site interference modelling
	Explicitly modelled

	BS noise figure
	5 dB

	UE noise figure
	7 dB

	BS antenna element gain
	8 dBi

	UE antenna element gain
	0 dBi

	Thermal noise level
	-174 dBm/Hz

	Traffic model
	Full buffer (Note: it is for SINR CDF distribution derivation)

	Simulation bandwidth
	Up to 40 MHz
Note: This value is used for SINR CDF distribution derivation

	UE density
	10 UEs per TRxP for SINR CDF distribution derivation

	UE antenna height
	1.5 m
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