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1 Introduction

Previously, ultra-reliable low latency (URLLC) services were brought up as a part of 5G use cases in order to design NR technology. Later on, URLLC was also decided to be supported by even further evolving LTE technology. The low latency part is already being finalized in a framework of reduced processing latency and short TTI. However the reliability par and potential enhancement to the low latency part are going to be addressed in this study item [1].
At the last meeting the following methodology for URLLC evaluation was agreed:
	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 Radiocommunication Study Groups.


Additionally, an email discussion was allocated to agree on detailed SLS evaluation assumptions in order to derive reference channel quality, i.e. SINR [2]. In this contribution, preliminary SLS evaluation results for both DL and UL are presented while our initial considerations on LTE URLLC design aspects can be found in [3].
2 DL Evaluation
In this section, the long term SINR statistics and coupling loss are analyzed under assumptions of different UE noise figure and antenna electrical tilt at eNB. The results are presented in Figure 1 and summarized in Table 1.
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Figure 1. DL long term SINR and pathgain.
Table 1. Summary table for 5-% DL SINR CDF
	
	NF = 7 dB
	NF = 9 dB

	Tilt 8°

SINR, dB
	-1.46
	-1.46

	Tilt 12°

SINR, dB
	0.12
	0.08


As it can be seen, the results are significantly dependent on tilt angle. While in case of Tilt 8° the SNR is better for most of the UEs, the interference conditions are worsen due to proportionally better propagation from other cells. However, dependency on noise figure assumption is marginal again due to interference limited conditions.

Observation 1

· Coupling loss in case of 8° tilt angle is significantly better than 12° for most of the UEs due to larger eNB coverage

· SINR conditions are significantly better in case of 12° due to much lower inter-cell interference

· As expected, noise figure assumption does not affect long term SINR due to interference limitation
3 UL Evaluation
PUSCH
Evaluation results of UL SINR using the agreed evaluation assumptions are presented in Figure 2. It is assumed that all UEs are allocated with 10 PRB each independently on channel conditions. Round-robin scheduling is used.
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Figure 2. Long term SINR of sPUSCH.
PUCCH
For PUCCH, it was assumed that 10 resources of 1 PRB are allocated in a cell and each UE is assigned with one resource. As agreed, three different values of P0 are applied for different assumed PUCCH length. Evaluation results of PUCCH SINR using the agreed assumptions are presented in Figure 3.
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Figure 3. Long term SINR of sPUCCH.

UL Summary

The results of long term SINR for different UL channels are summarized in the following table below (see Figure 3).

Table 2. Summary table for 5-% UL SINR CDF

	
	sPUSCH
P0 = -105
	sPUCCH

P0 = -108
	sPUCCH

P0 = -113
	sPUCCH

P0 = -116

	Tilt 8°

SINR, dB
	0.25
	-0.1
	-1.2
	-2.5

	Tilt 12°

SINR, dB
	0.77
	0.46
	-0.79
	-2.2


Observation 2
· Tilt angle of 12° provides superior UL SINR comparing to 8°

4 Conclusions

In this contribution preliminary system level evaluation results for LTE URLLC are presented. The following 5-% SINR was observed:
	DL
	NF = 7 dB
	NF = 9 dB

	Tilt 8°

SINR, dB
	-1.46
	-1.46

	Tilt 12°

SINR, dB
	0.12
	0.08


	UL
	sPUSCH

P0 = -105
	sPUCCH

P0 = -108
	sPUCCH

P0 = -113
	sPUCCH

P0 = -116

	Tilt 8°

SINR, dB
	0.25
	-0.1
	-1.2
	-2.5

	Tilt 12°

SINR, dB
	0.77
	0.46
	-0.79
	-2.2


Based on the analysis, the following observations are made:

Observation 1

· Coupling loss in case of 8° tilt angle is significantly better than 12° for most of the UEs due to larger eNB coverage

· SINR conditions are significantly better in case of 12° due to much lower inter-cell interference

· As expected, the noise figure assumption does not affect long term SINR due to interference limitation
Observation 2
· Tilt angle of 12° provides superior UL SINR comparing to 8° tilt angle
Finally, the following proposal is made regarding remaining assumptions of SLS evaluation:

Proposal

· UE noise figure of 9 dB is adopted for SLS evaluations
· Electrical tilt of 12° is adopted for SLS evaluations
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