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1 Introduction

In the RAN#76 meeting, the Work Item on URLLC support in LTE was approved [1]. The detailed objectives are as follows. 

Phase 1 (till RAN#79)

· 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]
In this contribution, we identify evaluation scenarios and metrics and give initial evaluation results on the performance of URLLC supported in current LTE systems. 
2 System-level Simulation and Preliminary Results
2.1 Scenario and simulation assumptions
As mentioned in [2] by ITU, the performance of URLLC should be evaluated with channel quality of coverage edge for the Urban Macro-URLLC test environment. Therefore, the scenario of Urban Macro as Table 1 should be considered, and the performance of cell edge UE (5-percentile UE) is compared with URLLC target (1ms latency, 10^-5 BLER). The detailed simulation assumptions are in Table 8 of Appendix A.
Table 1. Main simulation assumptions for Urban Macro - URLLC
	Parameters
	Urban macro

	Channel model
	TR36.873

50% high penetration loss

	UE distribution
	100% outdoor in cars

	Minimum allocated bandwidth for each UE
	10 PRBs for 1ms TTI UE

50 PRBs for 2OS sTTI UE


2.2 Preliminary results
With these simulation assumptions, the geometry is shown in Table 2 REF _Ref478031229 \h 
 \* MERGEFORMAT , where both 1 ms TTI and 2-OS sTTI UEs are considered. Since the allocated bandwidth of 2-OS sTTI UEs usually are larger than that of 1 ms TTI UEs, the geometry of 2-OS sTTI UEs are lower than that of 1ms UE especially in UL systems.
Table 2. UL and DL Geometry on urban macro channel model with 50% high penetration loss
	Cell edge SNR (5%)
	DL
	UL

	1ms TTI UE
	-1.2 dB
	-4.2 dB

	2OS sTTI UE
	-1.4 dB
	-8.4 dB


Since the URLLC traffic is bursty and delay-sensitive, the frequency resource dedicated or prioritized to URLLC traffic should be large enough to avoid the rare case that abundant bursty URLLC packets congest the network, resulting in large delay. To guarantee that 95% UE can achieve the URLLC requirement (1ms latency, 10^-5 BLER) for bursty traffic, the resource utilization is about 10%. Therefore, we have following observation:

Observation 1: To guarantee the requirement (1ms latency, 10^-5 BLER) by 95% URLLC UE, resource utilization is very low.
To improve the resource utilization for URLLC traffic, eMBB traffic and URLLC traffic needs to be multiplexed and URLLC traffic should be able to puncture eMBB traffic to improve the system efficiency. As shown in Figure 1 REF _Ref494296463 \h 
, when URLLC traffic arrives randomly, the data traffic in TTI is punctured by URLLC. Then we don't need to reserve too much resource for URLLC traffic.
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Figure 1 : Illustration of multiplexing between LTE data traffic and URLLC 
Therefore, to improve system efficiency, we propose:
Proposal 1: URLLC traffic can puncture eMBB traffic.
3 Link-level Simulation and Preliminary Results
3.1 DL/UL simulation assumptions and evaluation metrics
In the link-level simulation, the most robust case should be evaluated to justify whether LTE can fulfill the URLLC design target. Thus, at least the simulation assumptions in Table 3 should be considered. More detail assumption is shown in Table 10 of appendix A.
Table 3. Main assumptions for link-level simulation
	Parameter
	Values

	Transmission mode
	TM 1 for UL transmission

TM 2 for DL transmission

	MCS
	MCS 0

	TBS
	256 bits (32 bytes)


Proposal 2: At least the simulation assumptions in Table 3 should be evaluated.

As we proposed in [3], the ITU requirement can be considered as the baseline for URLLC for LTE, which are reproduced as:

· UP latency: The minimum requirement for user plane latency is 1ms for URLLC
· Stringent latency: The minimum requirement for the reliability is 1-10-5 success probability of transmitting a layer 2 PDU (protocol data unit) of 32 bytes within 1 ms.
As discussed in [3] we propose that the evaluation metrics of reliability is BLER and that of latency is stringent latency, i.e., the latency of transmitting a layer 2 protocol data unit.
Proposal 3: The evaluation metrics of reliability and latency are BLER and latency of transmitting layer 2 protocol data unit, respectively.

3.2 Preliminary Results of DL/UL simulation
3.2.1 DL simulation with stringent latency requirement
In this section, the simulation results for the DL performance of LTE-URLLC are presented. 
Table 4. Required SNR and latency of DL transmission with 1-10-5 reliability
	Transmission Strategy
	Working Point (Es/N0 in dB)
	Stringent 

Latency

	
	2T*1R
	2T*2R
	4T*2R
	

	1 ms TTI with 1-shot transmission
	-
	-3.0
	-3.6
	4 ms

	1 ms TTI with 2 repetitions
	-0.8
	-6.0
	-6.6
	5 ms

	1 ms TTI with 1 retx
	-0.8
	-6.0
	-6.6
	12 ms

	2 OS sTTI with 1-shot transmission
	2.7
	-2.1
	-3
	0.67 ms

	2 OS sTTI with 2 repetitions
	-0.3
	-5.1
	-6
	0.83 ms

	2 OS sTTI with 3 repetitions
	-2.1
	-6.9
	-7.8
	1 ms

	2 OS sTTI with 1 retx
	-0.3
	-5.1
	-6
	2 ms


Note: the numbers in blue mean that the URLLC target can be achieved in the corresponding cases by cell edge UE (5-percentile UE).
Comparing the geometry shown in Table 2 REF _Ref478031229 \h 
 \* MERGEFORMAT  and required SNR in Table 4, we can see that the reliability of URLLC target (1ms latency, 10^-5 BLER) can be easily achieved by cell edge UE with 2T*2R or more antennas even in 1-shot transmission strategy. However, only 2-OS sTTI satisfies the latency requirement. Therefore, the following observations can be obtained:
Observation 2: The URLLC design target as 1-10-5 reliability for 32 bytes with a latency of 1ms, can be achieved by 1-shot DL transmission in current LTE-sTTI systems.

Proposal 4: Design of supporting URLLC in LTE should be based on sTTI operation.
3.2.2 UL simulation with stringent latency requirement
In this section, the simulation results for the UL performance of URLLC for LTE are presented, considering grant-based and grant-free uplink transmissions.
3.2.3 Grant-based UL transmission

As the legacy LTE, UL transmission is preceded by a scheduling request (SR) from UE and an UL grant sent back from eNB after the SR reception. Thus, at least a round-trip time delay is caused by this procedure. The simulation results for the UL transmission with grant are presented as follow:
Table 5. Required SNR and latency of UL transmission with grant
	Transmission Strategy
	Working Point (Es/N0 in dB)
	Stringent 

Latency

	
	1T*2R 
	1T*4R 
	1T*8R 
	

	1 ms TTI with 1-shot transmission
	-1.8
	-5.2
	-8.5
	13 ms

	1 ms TTI with 2 repetitions
	-4.8
	-8.2
	-11.5
	14 ms

	1 ms TTI with 1 retx
	-4.8
	-8.2
	-11.5
	21 ms

	2 OS sTTI with 1-shot transmission
	0.0
	-4.5
	-8.1
	2.17 ms

	2 OS sTTI with 2 repetitions
	-3.0
	-7.5
	-11.1
	2.25 ms

	2 OS sTTI with 3 repetitions
	-4.8
	-9.3
	-12.9
	2.33 ms

	2 OS sTTI with 1 retx
	-3.0
	-7.5
	-11.1
	3.42 ms


From the geometry in Table 2 and the latency in Table 5, we can see that none of transmission strategies with UL grant can achieve the latency target of (1ms latency, 10^-5 BLER) for cell edge UEs, even with 2-OS sTTI. To clarify this conclusion, the description of each step and the corresponding latency are shown in the following table.
Table 6. Stringent latency of UL transmission with grant
	
	Description
	Value in current LTE

	1
	Max. waiting time for PUCCH (1 TTI SR)
	1 * (s)TTI

	2
	UE sends SR on PUCCH
	1 * (s)TTI

	3
	eNB decodes SR and generates UL Grant
	3 * (s)TTI

	4
	Transmission of UL Grant
	1 * (s)TTI

	5
	UE Processing Delay (decoding of grant + L1 encoding of UL data)
	3 * (s)TTI

	6
	Transmission of UL data
	1 * (s)TTI

	7
	Data decoding and processing in eNodeB
	1.5 * (s)TTI

	TOTAL
	Uplink latency in RAN
	11.5 * (s)TTI


Note: also assuming n+4 timing for sTTI.
Therefore, the following observation can be obtained:
Observation 3: The latency target of URLLC as 1ms latency with 10^-5 BLER, cannot be achieved by UL transmission with UL grant in current LTE systems.
3.2.4 Grant-free UL transmission
As the analysis in above section, grant based UL transmission cannot support URLLC traffic with stringent latency requirement, therefore we focus on grant-free UL transmission. The simulation results for the UL transmission without grant are presented as follow:
Table 7. Required SNR and latency of UL transmission without grant
	Transmission Strategy
	Working Point (Es/N0 in dB)
	Stringent 

Latency

	
	1T*2R 
	1T*4R 
	1T*8R 
	

	1 ms TTI with 1-shot transmission
	0.5 
	-3.5 
	-7.3 
	4 ms 

	1 ms TTI with 2 repetitions
	-2.5 
	-6.5 
	-10.3 
	5 ms 

	1 ms TTI with 1 retx
	-2.5 
	-6.5 
	-10.3 
	12 ms 

	2 OS sTTI with 1-shot transmission
	0.0 
	-4.5 
	-8.1 
	0.67 ms 

	2 OS sTTI with 2 repetitions
	-3.0 
	-7.5 
	-11.1 
	0.83 ms 

	2 OS sTTI with 3 repetitions
	-4.8 
	-9.3 
	-12.9 
	1 ms 

	2 OS sTTI with 1 retx
	-3.0 
	-7.5 
	-11.1 
	2 ms 


Note: the numbers in blue mean that the URLLC target can be achieved in the corresponding cases by cell edge UE (5-percentile UE).
Comparing with the grant-based one, the latency is largely decreased by applying grant free transmission, which satisfies the requirement of URLLC with stringent latency requirment. Moreover, although the grant free transmission cannot obtain frequency selectivity gain, we can see from Table 2 and Table 7 that the URLLC target as (1ms latency, 10^-5 BLER) is achieved by cell edge UEs with 1T*4R or more receiving antennas with 3 times repetition. Therefore, the following observation and proposal can be obtained:
Observation 4: The URLLC design target can be achieved by transmission with 2 repetitions in current UL LTE with sTTI.
Proposal 5: To support URLLC in LTE, UL transmission without grant should be supported.
4 Conclusions
In this contribution, the scenarios, evaluation assumptions and metrics are analyzed and initial evaluation results are provided, with following observations and proposals:

Observation 1: To guarantee the requirement (1ms latency, 10^-5 BLER) by 95% URLLC UE, resource utilization is very low.
Observation 2: The URLLC design target as 1-10-5 reliability for 32 bytes with a latency of 1ms, can be achieved by 1-shot DL transmission in current LTE-sTTI systems.

Observation 3: The latency target of URLLC as 1ms latency with 10^-5 BLER, cannot be achieved by UL transmission with UL grant in current LTE systems.
Observation 4: The URLLC design target can be achieved by transmission with 2 repetitions in current UL LTE with sTTI.
Proposal 1: URLLC traffic can puncture eMBB traffic.
Proposal 2: At least the simulation assumptions in Table 3 (as below) should be evaluated.
Table 3. Main assumptions for link-level simulation
	Parameter
	Values

	Transmission mode
	TM 1 for UL transmission

TM 2 for DL transmission

	MCS
	MCS 0

	TBS
	256 bits (32 bytes)


Proposal 3: The evaluation metrics of reliability and latency are BLER and latency of transmitting layer 2 protocol data unit, respectively.

Proposal 4: Design of supporting URLLC in LTE should be based on sTTI operation.
Proposal 5: To support URLLC in LTE, UL transmission without grant should be supported.
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Appendix A. Simulation Assumptions

Table 8. System level evaluation assumptions for Urban macro - URLLC

	Parameters
	Urban macro

	Layout
	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	500m

	Carrier frequency 
	4 GHz

	Duplex
	FDD

	Simulation bandwidth
	10MHz for FDD

	Channel model
	TR36.873

	BS Tx power 
	46 dBm / 10 MHz 

	UE Tx power 
	23dBm

	BS antenna configurations
	4TXRUs, radiation pattern as in Table 9

	BS antenna height 
	25 m

	BS antenna element gain + connector loss
	Max gain: 8dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	2TXRUs

	UE antenna height
	1.5m

	UE antenna gain
	0dBi, Omni-directional

	UE receiver noise figure
	7dB

	Traffic model
	Poisson arrival (arrival rate: 100 packets/s with 32 bytes per packet);

	UE distribution
	100% outdoor in cars: 30km/h

	UE density
	10 users per TRP

	Cell association
	LoS path based

	HARQ retransmission number
	No HARQ retransmission


Table 9. 3-Sector BS antenna radiation pattern
	Parameters
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8dBi


Table 10. Link-level simulation assumptions

	Parameter
	Values

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	Allocated bandwidth
	10 PRBs for 1ms TTI UE

50 PRBs for 2-OS sTTI UE 

	Channel model
	ETU 37.8km/h

	Transmission mode
	TM 1 for UL transmission

TM 2 for DL transmission

	Receiver type
	MMSE

	Channel estimation
	Practical

	Link adaptation
	Disabled

	MCS
	MCS 0 for 1ms TTI UE

MCS 1 for 2-OS sTTI UE

(Entire bandwidth restriction)

	HARQ retransmission
	Disabled

	Performance metrics
	BLER
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