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Discussion and decision
1 Introduction

A work item on Ultra Reliable Low Latency Communication for LTE (URLLC for LTE) was approved in RAN#76 that describes why LTE technology evolution serves use cases of URLLC with satisfying URLLC requirements which was defined ITU IMT-2020 and how to carry out this features with proposed plans (phase 1 and phase 2). In last RAN1 meeting, following agreements are made. 

	Agreement: URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.
Agreement: In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.
Agreement: For LTE URLLC evaluation, reliability is used as metric. The reliability definition from NR in 3GPP TR 38.802 is reused.

· 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). 

· Spectral efficiency should be considered.

· 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: 

· Use Link level simulation based on ITU methodology (i.e. a step-wise approach)

· The fulfilment of the reliability target is verified in link level simulations at a reference SINR, i.e. Q, resulting from system level simulations.

· FFS: 

· The simulation assumptions to derive the reference SINR, i.e. Q

· The reference SINR is calibrated among companies
· Other link level simulation methodologies not focussing on the ITU requirement are not precluded.

· FFS details

· The error probability should be provided for a range of SNR

NOTE: The ITU evaluation methodology for reliability is defined in section 7.1.5 of “Guidelines for evaluation of radio interface technologies for IMT-2020” from ITU Radio communication Study Groups.



In this contribution, it is discussed on remaining details of system level simulation and link level simulation, respectively, for LTE URLLC. 
2 
Discussions 
1.1 SLS evaluation parameters

Followings are additional agreements through email discussion/approval for system level simulation for LTE URLLC after last RAN1 meeting. 

	Agreement:

The SINR from system level evaluations is based on long-term SINR at a given position in the network and excludes fast fading component.

Agreement:

The SINR collected in system level simulations is the one at the antenna connector reference point (no combination of antenna ports are considered).

Agreement:

Since the SINR is derived at the antenna connector without combination between ports, it is assumed that the assumption on number of antenna elements for the UE does not have an impact to the derived SINR point.
Agreement:

The channel model used for system level evaluations is the one described in 3GPP TR 38.901 (also called model B in ITU Eval document). 
Agreement:
The following simulation settings for Urban Macro-URLLC are used:

Parameter
Value

Carrier frequency for evaluation

700 MHz

Inter-site distance

500 m

UE power class
23 dBm
BS antenna height

25 m

Inter-site interference modelling

Explicitly  modelled

BS noise figure

5 dB

BS antenna element gain

8 dBi

UE antenna element gain

0 dBi

Thermal noise level

-174 dBm/Hz

UE antenna height

1.5 m

Traffic model     

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

Number of URLLC UEs/TRxP
10 for SINR CDF distribution derivation

URLLC UE location
80% outdoor,

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

Simulation bandwidth

20 MHz

UL PUSCH power control parameters

α=1.0, P0,PUSCH=-106 (suggested value for UL SINR CDF distribution derivation and calibration)

Other values are not precluded. If other values are used, it shall be reported.

UL PUCCH power control parameters

P0, subframe-PUCCH = -116

P0, slot-SPUCCH         = -113

P0, subslot-SPUCCH   = -108

(suggested value for UL SINR CDF distribution derivation and calibration)

Bandwidth allocation

PUSCH: FFS
PUCCH: 1 RB (To get a full load SINR for PUCCH, the same mutual interferers as for PUSCH are assumed but on a bandwidth of 1 RB)

Number of antenna elements per TRxP

16 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), 
(dH,dV) = (N/A, 0.8)λ

Number of TXRU per TRxP

2TXRU, =(Mp,Np,P,Mg,Ng) = (1,1,2,1,1)

Handover margin (dB)

0 (i.e., the strongest cell is selected)

UT attachment

Based on RSRP (formula (8.1-1) in TR36.873) from port 0

Agreement:

In addition to the Urban Macro-URLLC scenario, an indoor scenario is also defined, following the same ITU methodology. Details are FFS but Indoor Hotspot-eMBB from ITU IMT2020 Eval document is used as a starting point for setting the details



Remaining parameters to be decided to run system level simulator are as follows. UE noise configuration, UE antenna configuration, rule of bandwidth allocation, down-tilt of antenna angle. Regarding UE noise configuration, there are different assumptions between 3GPP and ITU. 3GPP had been used 9 dB while ITU require 7 dB. Both things are unstable now, so it does not need to select only one parameter. However, to reduce simulation campaign work load, one parameter should be considered as a baseline. So, 7 dB of noise configuration proposed by ITU can be baseline at first. Then 9 dB of noise configuration proposed by 3GPP can be optional which can be reported by each company. Regarding UE antenna configuration, it can be considered that at least 2 RX antennas should be base-line and also 4 RX antennas can be considered optionally. 
Regarding electrical down-tilt, 8 degrees is sufficient to consider. But, if mechanical down-tilt is jointly considered with electrical down-tilt, those two parameters should be decided at the same time. 
Regarding UE UL bandwidth allocation, it is simple to consider allocating equal bandwidth allocation in a round-robin rule. However, to optimize performance of LTE URLLC, it would be other fancy methods to be considered. At initial stage, simple rule is enough to check URLLC performance as a worst case. And then further enhancement methods would be derived from other enhanced UL bandwidth allocation rules such as PF scheduling. 


Regarding SNR reference point, ITU defined 5th percentile SNR value obtained from system level simulator by using above decided parameters. Herein, it can be interpreted that 5th percentile SNR means the minimum operating point to satisfy URLLC requirements. Accordingly, it does not need to consider higher than the point. Regarding carrier frequencies, 700MHz is put as a baseline and 4GHz will be further used as an optional. 

Following table show the results of SLS evaluation for DL channel with assumptions as described above. 
	
	5% - SINR
	10% - SINR

	Value
	-4.35 dB
	-3.5 dB


1.2 LLS evaluation parameters

Most of parameters for LLS were not determined yet. Basically, it is evident to follow parameters which were defined in ITU and 3GPP as following tables. 
Table 1:  ITU LLS parameters
Additional parameters for link-level simulation 
(for mobility, reliability, connection density requirements)

	Parameters
	Indoor hotspot-eMBB
	Dense Urban-eMBB
	Rural-eMBB
	Urban Macro–mMTC
	Urban Macro–URLLC

	Evaluated service profiles
	Full buffer best effort
	Full buffer best effort
	Full buffer best effort
	Full buffer best effort
	Full buffer best effort

	Simulation bandwidth
	10 MHz
	10 MHz
	10 MHz
	Up to 10 MHz (for ISD = 500 m)

Up to 50 MHz (for ISD = 1732 m)
	Up to 40 MHz (for carrier frequency of 700 MHz)

Up to 100 MHz (for carrier frequency of 4 GHz)

	Number of users in simulation
	1
	1
	1
	≥1
	1

	Packet size
	N.A.
	N.A.
	N.A.
	32 bytes at Layer 2 PDU
	32 bytes at Layer 2 PDU

	Inter-packet arrival time
	N.A.
	N.A.
	N.A.
	1 message/day/
device

or

1 message/
2 hours/device
	N.A.


Table 2: 3GPP LLS parameters

Simulation assumptions for URLLC

	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.



Based on above defined parameters, followings are proposed parameters for LLS. As a carrier frequency, 700MHz should be baseline due to align with SLS. Regarding channel model, TDL is baseline. CDL is optional. Regarding scaling parameters of delay, 30nm and 300nm are enough to consider. It can be regarded as short and long delay spread. Regarding UE speed, 3km/h and 15km/h should be included. Regarding simulation bandwidth, it needs to use exact bandwidth size to run LLS. If carrier frequency uses only 700MHz, 20MHz can be considered as a baseline of bandwidth for LLS. Regarding SINR range, MIN{-5dB, 5th percentile downlink/uplink SINR in system level simulation} is used for the minimum SINR and 20dB is used for the maximum SINR. Regarding packet arrival model, it is preferred that IUT assumption due to adaptiveness for link level simulation. 3GPP model is more suitable for system level simulation. Regarding BS and UE antenna configuration, as a baseline, BS antenna configuration is 4 Tx/Rx and UE antenna configuration is 2 Tx/Rx. For latency bound, it considers 1ms and 10ms according to agreements in last RAN1 meeting. Other values are not precludes. But, at first, it needs to consider those latency bounds. For subcarrier spacing, 15 kHz is for LTE. For TTI length, sTTI framework can be used for LTE URLLC such as 2/3/7 symbols per TTI. Regarding channel estimation model, ideal channel model would be as a baseline. After that, practical model will be further considered. Regarding transmission mode, TM2 is enough to consider for LTE URLLC. Regarding antenna port, 2 or 4 can be considered according to eNB antenna configuration. Regarding link adaptation, it does not need to use link adaptation function in LLS. It can be considered in SLS. Regarding receiver type, MMSE is sufficient to consider if LLS consider single cell case. 
3 Conclusions
In this contribution, remaining details for preemption indication were discussed. Based on discussion, following proposals are summarized as below.

Proposal 1: Following parameters are used for SLS.
	Parameters
	Values

	UE noise configuration
	7 dB

	UE UL bandwidth allocation
	Equal bandwidth allocation

	UE antenna configuration
	2 RX antennas

	Electrical down-tilt
	8 degrees

	SNR reference point
	5th percentile SNR

	Carrier frequencies
	700MHz


Proposal 2: Following parameters are used for LLS.
	Parameters
	Values

	carrier frequency
	700MHz

	channel model
	TDL

	scaling parameters of delay
	30nm and 300nm

	UE speed
	3km/h and 15km/h

	simulation bandwidth
	20MHz

	SINR range
	MIN{-5dB, 5th percentile downlink/uplink SINR in system level simulation} to 20dB

	BS antenna configuration
	4 Tx/Rx

	UE antenna configuration
	2 Tx/Rx

	latency bound
	1ms and 10ms

	TTI length
	2/3/7 symbols per TTI

	Transmission mode
	TM2

	Receiver type
	MMSE


Page 1

