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1 Introduction
At RAN1 #90b, it has been agreed for evaluation method that “Use Link level simulation based on ITU methodology (i.e. a step-wise approach)”. And the following agreements related to evaluation and methodology of LTE URLLC have been reached. 

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 the email discussion [90b-LTE-24] in [1], the system level evaluation assumptions and methodology to compute the reference SINR of LTE URLLC were extensively discussed. And the following proposed agreements were listed:

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

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

· 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.

· 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). 
This contribution provides the details of system level evaluation assumptions and methodology, and shows the lone-term SINR value of PDSCH, PUSCH and PUCCH for URLLC in LTE. The link level simulation assumptions are also discussed.

2 Evaluation assumptions and results of SLS
The evaluations in this contribution are performed in an ITU Urban Macro with ISD =500m of 19 macro sites and 3 cells per site, with wrap-around feature turned on. Considering it is just for SINR CDF distribution derivation, full buffer traffic model is used. And the details of system level assumptions for LTE URLLC are listed in Appendix 1.

The following section provides the 5thpercentile and 10thpercentile long-term SINR values corresponding to different physical layer channels. 

2.1 The reference SINR value of PDSCH

Since the SINR is derived at the antenna connector without combination between ports, the overall statistics for downlink SINR values are based on RSRP (formula (8.1-1) in TR36.873) from antenna port 0.

As shown in Table 1, both 5thpercentile and 10thpercentile of SINR for PDSCH with different UE noise figure values and different electrical down tilt angles are provided.

Table 1 the 5thpercentile and 10thpercentile of SINR for PDSCH
	UE noise figure
	The percentile value of SINR (dB)
	Electrical down tilt angle

	[1] 
	[2] 
	8 degrees
	12 degrees

	7dB
	5 %
	-4.7192
	-4.2705

	[3] 
	10 %
	-3.423
	-3.0642

	9dB
	5 %
	-4.7246
	-4.2728

	[4] 
	10 %
	-3.4250
	-3.0777


Observation1: Under different UE noise figures (7dB or 9dB) and different electrical down tilt angles (8 or 12 degrees), the 5thpercentile and 10thpercentile SINR of PDSCH range from {-4.72dB to -4.27dB} and {-3.43dB to -3.06dB} respectively. 

2.2 The reference SINR value of PUSCH
As shown in Table 2, both 5thpercentile and 10thpercentile of SINR for PUSCH with different UE noise figure values and different electrical down tilt angles are provided. Note, we assume the system bandwidth on the UL is equally split between the number of UEs, i.e., each UE is allocated 10 RBs.  
Table 2  the 5thpercentile and 10thpercentile of SINR for PUSCH
	UE noise figure
	The percentile value of SINR (dB)
	Electrical down tilt angle

	[5] 
	[6] 
	8 degrees
	12 degrees

	7dB
	5 %
	-2.6823
	-2.6412

	[7] 
	10 %
	-1.9175
	-2.2347

	9dB
	5 %
	-2.8881
	-2.8365

	[8] 
	10 %
	-2.1549
	-2.4492


Based on Table 2, we can observe that, 

Observation2: Under different UE noise figures (7dB or 9dB) and different electrical down tilt angles (8 or 12 degrees), the 5thpercentile and 10thpercentile SINR of PUSCH range from {-2.89dB to -2.64dB} and {-2.45dB to -1.92dB} respectively. 

2.3 The reference SINR value of PUCCH

For different lengths of PUCCH, both 5thpercentile and 10thpercentile of SINR with different UE noise figure values and different electrical down tilt angles are provided in Table 3. 
Table 3 the 5thpercentile and 10thpercentile of SINR for PUCCH

	UE noise figure
	The percentile value of SINR (dB)
	TTI length
	Electrical down tilt angle

	
	
	
	8 degrees
	12 degrees

	7dB
	5 %
	Sub-frame
	-4.9526
	-5.1808

	
	
	Slot
	-3.8287
	-4.1222

	
	
	Sub-slot
	-2.8054
	-3.3144

	
	10 %
	Sub-frame
	-4.6579
	-4.6938

	
	
	Slot
	-3.4430
	-3.4904

	
	
	Sub-slot
	-2.3550
	-2.4566

	9dB
	5 %
	Sub-frame
	-5.9816
	-6.1627

	
	
	Slot
	-4.5238
	-4.7751

	
	
	Sub-slot
	-3.0971
	-3.5747

	
	10 %
	Sub-frame
	-5.7507
	-5.7787

	
	
	Slot
	-4.1973
	-4.2373

	
	
	Sub-slot
	-2.6774
	-2.7718


Based on Table 3, the following observations can be found.  

Observation 3: Under different UE noise figures (7dB or 9dB) and different electrical down tilt angles (8 or 12 degrees), the 5thpercentile and 10thpercentile SINR of

· Sub-frame PUCCH ranges from {-6.16dB to -4.95dB} and {5.78dB to -4.66dB} respectively. 
· Slot PUCCH ranges from {-4.78dB to -3.83dB} and {-4.24dB to -3.44dB} respectively. 
· Sub-slot PUCCH ranges from {-3.57dB to -2.81dB} and {-2.77dB to -2.36dB} respectively. 
3 LLS evaluation assumptions for LTE URLLC
As analyzed above, we should use the both 5%-tile and 10%-tile SINR values from system level evaluations to simulate link level simulation. The step-wise ITU methodology corresponding to LLS in [1] are listed bellow. 
 Step 1:
Run corresponding link-level simulations for either NLOS or LOS channel conditions using the associated parameters in the Table 8-3 of this Report, 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 2:
The proposal fulfils the reliability requirement if at the 5th percentile downlink or uplink SINR value of system level and within the required delay, the success probability derived in Step 1 is larger than or equal to the required success probability. It is sufficient to fulfil the requirement in either downlink or uplink, using either NLOS or LOS channel conditions.

In addition to use ITU LLS simulation methodology, we could also take the simulation results and assumption of 3GPP URLLC as reference. According to our downlink link level simulation results in URLLC SI phase [2], it shows that :

· The reliability of 1st transmission plays a key role for URLLC. Most of case will need above 99% successful transmission. Considering other margins, the successful 1st transmission for URLLC operating should be set as not lower than 99%, i.e., that target BLER for 1st transmission should be not higher than 1%. 

· For the same spectrum efficiency, the performance of QPSK is better than 16QAM. Low order modulation is more preferred for URLLC.

Based on the simulation results of 3GPP and simulation methodology of ITU, we provide the details of link level assumptions for LTE URLLC in Appendix 2.

Proposal 1: The link level assumptions listed in Appendix 2 are adopted for LTE URLLC. 
4 Conclusion

This contribution discusses system level results and link level simulations for LTE URLLC, and concludes with the following observations and proposals: 

Observation1: Under different UE noise figures (7dB or 9dB) and different electrical down tilt angles (8 or 12 degrees), the 5thpercentile and 10thpercentile SINR of PDSCH range from {-4.72dB to -4.27dB} and {-3.43dB to -3.06dB} respectively. 

Observation2: Under different UE noise figures (7dB or 9dB) and different electrical down tilt angles (8 or 12 degrees), the 5thpercentile and 10thpercentile SINR of PUSCH range from {-2.89dB to -2.64dB} and {-2.45dB to -1.92dB} respectively. 

Observation 3: Under different UE noise figures (7dB or 9dB) and different electrical down tilt angles (8 or 12 degrees), the 5thpercentile and 10thpercentile SINR of

· Sub-frame PUCCH ranges from {-6.16dB to -4.95dB} and {5.78dB to -4.66dB} respectively. 
· Slot PUCCH ranges from {-4.78dB to -3.83dB} and {-4.24dB to -3.44dB} respectively. 
· Sub-slot PUCCH ranges from {-3.57dB to -2.81dB} and {-2.77dB to -2.36dB} respectively. 
Proposal 1: The link level assumptions listed in Appendix 2 are adopted for LTE URLLC. 
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6 Appendix1:  Simulation parameters for SLS

	Parameters
	Urban Macro

	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)

	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

	UE noise figure
	7dB and 9dB

	Down-tilt angle
	8 degrees and 12 degrees


7 Appendix2:  Simulation parameters for LLS

	Attributes
	Values or assumptions

	Carrier Frequency
	700 MHz

	System Bandwidth
	20 MHz

	PHY Packet size
	32 bytes at Layer 2 PDU

	Traffic model
	Full buffer 

	Latency bound
	1ms/10m

	Modulation and coding rate
	QPSK, 16QAM

	Coding Rate
	1/3, 1/6, 1/12

	Channel model
	TDL in TR 38.901; delay spread =30ns/300ns

	User speed
	3km/h, 15km/h

	SINR range
	At least a range of SINR below and above the SINR provided by SLS 

	Sub-carrier spacing
	15kHz


	TTI length
	Subslot (2 or 3 symbols per TTI), slot (7 symbols per TTI, 0.5ms), 1ms TTI (14 symbols per TTI, 1ms)

	BS antenna configuration
	2Tx/2Rx, TM2 SFBC is applied as the multi-antenna transmission scheme.

	UE antenna elements
	1Tx/2Rx

	ACK Feedback assumption
	Ideal as start point

	Channel estimation
	Practical

	CQI feedback assumption
	No
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