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1 Introduction

The following agreements were achieved in the RAN1#91 meeting:
Agreement: Use 700MHz as baseline for the carrier frequency in link level evaluations for the macro deployment scenario.
Agreement: Use 2GHz as the baseline carrier frequency in link level evaluations for the indoor hotspot deployment scenario.
Agreement: Use TDL-C and TDL-E as the baseline channel model for link level evaluations in TR 38.901 for the macro deployment scenario.

Agreement: Use the following in link level simulations.

	Packet size
	32 bytes at Layer 2 PDU as a baseline. FFS an optional larger packet size.


In this contribution, we discuss the remaining details of system-level simulation and link-level simulation based on which the link-level simulation results for LTE URLLC are provided as well. 
2 Remaining details of evaluations
2.1 Remaining details of system-level simulation
As mentioned in [1] by ITU, the performance of URLLC should be evaluated with channel quality of coverage edge for the Urban Macro-URLLC test environment. The performance of cell edge UE (5-percentile UE) needs to fulfill URLLC requirements. The following Q-values (5-percentile SINR) is adopted for LTE URLLCs: 

Table 1. UL and DL Q-values (5-percentile SINR)
	
	Q (dB)

	DL SINR
	-2.6

	PUSCH
	TBD (-1.5, 3)

	Subframe-PUCCH
	-4.1

	Slot-PUCCH
	-2.8

	Subslot-PUCCH
	-1.7


The two Q values for PUSCH is for different scheduling algorithms, one is round robin scheduling and the other is channel quality dependent scheduling. If channel quality dependent scheduling is used, then the channel estimation performance based on SRS and the channel variation between channel estimation and scheduling needs to be considered, which would also have negative impacts to the Q value. For simplicity, the Q value based on round robin scheduling is preferred.
Proposal 1: The Q-values (5-percentile SINR) for PUSCH is -1.5dB for LTE URLLC performance evaluation.
2.2 Remaining details of link-level simulation
2.2.1 Packet sizes for link-level simulation
In the link-level simulation, the current agreed requirements and ITU requirements do not require larger than 32 bytes packet sizes. 32 bytes packet sizes may be more reasonable for current LTE URLLC, especially for the requirement of 1ms latency and 10-5 reliability, so should be the baseline for evaluations. If companies are interested in larger packet sizes, simulation results of larger packet size (e.g. 50, 200, 256bytes) can also be provided. As for the opinion that lager packet sizes can be considered for 10ms latency, it is of lower priority than the 1ms latency requirement. Hence, 32 bytes packet size is prioritized for LTE URLLC performance evaluations.

Proposal 2: support 32 bytes at Layer 2 PDU as a baseline and other values are not precluded for LTE URLLC performance evaluations.

2.2.2 UE antenna configurations
In the endorsed agreements in the email discussion after RAN1#91 meeting [2], the UE TX antenna configuration and RX antenna configuration for 2GHz are still FFS. For UE TX antenna configuration:

· Option 1: 1TX port as baseline, 2 TX ports as optional
· Option 2: 2 TX ports
For UE RX antenna configuration for 2GHz:

· Option 1: 2 RX ports as baseline, 4 RX ports as optional

· Option 2: 4 RX ports

As for UE TX and RX antenna configuration, we both prefer Option 1 given  most of the UEs on market are 1-TX-antenna and 2-RX-antenna configuration and URLLC services are not only aiming at high-end UEs. Therefore, the evaluation should be based on the configuration with most UEs in general cases, to which the solutions targeting can be used to high-end UEs with configuration of e.g., 2 TX ports and 4 RX ports as well. Of course, interested companies can still provide results for 2 TX and 4RX antenna configuration.
Proposal 3: For UE antenna configuration:
· 1TX port as baseline, 2 TX ports as optional;
· For 2GHz, 2 RX ports as baseline, 4 RX ports as optional.
2.2.3 MCS set
The modulation and coding rate used in evaluation have impacts on the reliability and spectral efficiency of downlink/uplink channels. 3GPP assumes QPSK/16QAM/64QAM as modulation and 1/12, 1/6 and 1/3 as the coding rates. The specific modulation and coding rate given by 3GPP can be used as a starting point for the study and comparison of results among different companies. In addition of the specific value given by 3GPP, one option is to select some entries from current MCS table as the basic modulation and coding rate for evaluation. As LTE has the MCS/TBS table in use, it is reasonable to use a subset of the existing MCS tables for initial evaluation. 
Apparently, lower MCS are more preferable considering the reliability requirement, so MCS0 should be kept. To further investigate on performance of higher MCS, maybe MCS 5, 10 and 17 can also be considered, because the MCS10 and 17 are corresponding to 16QAM and 64QAM with lowest coding rate. We should evaluate if the target requirement can be achieved by higher modulation than QPSK. In addition, the higher coding rate/modulation can also be considered to investigate URLLC peak data rate. Therefore, the higher coding rate/modulation can be considered optional.
Proposal 4: MCS index 0 of current LTE MCS table is considered as the baseline for LTE URLLC simulation. The higher coding rate/modulation can also be considered as optional to investigate URLLC performance.
Table 2. Modulation and TBS index table
	MCS Index
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	2
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	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	4
	9

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	6
	15

	18
	6
	16

	19
	6
	17

	20
	6
	18

	21
	6
	19

	22
	6
	20

	23
	6
	21

	24
	6
	22

	25
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	26/26A

	29
	2
	Reserved

	30
	4
	

	31
	6
	


2.2.4 Derivation of one-direction overall transmission reliability
The reliability of each channel (data or control) can be obtained by link level simulation, and the reliability of each direction can be derived analytically based on the link level results. 

Assuming that the error probability of control channel is 
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 and the error probability of data channel is 
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, then the overall data reliability 
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. If the data channel with repetition is applied, assuming that the error probability of data channel is [image: image7.png]Psci repetitions



 for k repetitions, then the overall data reliability can be calculated as 
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Considering the burden of simulation, it is preferred that the reliability of each channel is simulated independently, therefore, we have following proposal:

Proposal 5: The reliability of each channel are evaluated independently by link level simulation. The overall reliability is computed analytically based on the reliability obtained in link level simulation (companies report their details in analysis).
3 Link level simulation results for LTE URLLC
3.1 DL simulation 
Based on the Q-values shown in section 2.1, the link-level simulation results for LTE-URLLC DL performance evaluation are presented in this section for reliability requirements of 10-4 and 10-5, respectively. Note the repetitions mentioned below are all including in the initial transmission. 
Table 3. Required SNR and latency for DL transmission with 1-10-4 reliability

	Transmission method
	Working Point (Es/N0 in dB)
	Latency
(ms)

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

	1 ms TTI with 1-shot transmission
	\
	0.5
	-1.2
	4

	1 ms TTI with 2 repetitions
	\
	-2
	-3.4
	5 

	1 ms TTI with 1 retx
	\
	-2
	-3.4
	12 

	2 OS sTTI with 1-shot transmission
	\
	-2.2
	-3.3
	0.67 

	2 OS sTTI with 2 repetitions
	-0.1
	-4.2
	-4.9
	0.83 

	2 OS sTTI with 3 repetitions
	-1.7
	-5.2
	-5.8
	1 

	2 OS sTTI with 1 retx
	-0.1
	-4.2
	-4.9
	2 


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 Q-value shown in Table 1 and required SNR in Table 3, the following observation can be obtained:
Observation 1: The requirement of (10-4, 10ms, 32 bytes) can be achieved for DL data channel by 2 repetitions of 1ms TTI in case of 4T2R.
Observation 2: The requirement of (10-4, 10ms, 32 bytes) can be achieved for DL data channel by 1-shot transmission of 2 OS sTTI in case of 4T2R.

Observation 3: The requirement of (10-4, 10ms, 32 bytes) can be achieved for DL data channel by 1 HARQ retransmission of 2 OS sTTI.
Table 4. Required SNR and latency for DL transmission with 1-10-5 reliability

	Transmission Strategy
	Working Point (Es/N0 in dB)
	Latency
(ms)

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

	1 ms TTI with 1-shot transmission
	\
	\
	-0.3
	4 

	1 ms TTI with 2 repetitions
	\
	-1
	-2.6
	5 

	1 ms TTI with 1 retx
	\
	-1
	-2.6
	12 

	2 OS sTTI with 1-shot transmission
	\
	-1.5
	-2.8
	0.67 

	2 OS sTTI with 2 repetitions
	1
	-3.7
	-4.4
	0.83 

	2 OS sTTI with 3 repetitions
	-0.8
	-4.7
	-5.3
	1 

	2 OS sTTI with 1 retx
	1
	-3.7
	-4.4
	2 


Comparing the geometry shown in Table 1 and required SNR in Table 4, the following observation can be obtained:
Observation 4: The requirement of (10-5, 1ms, 32 bytes) can NOT be achieved for DL data channel by 1ms TTI. 
Observation 5: The requirement of (10-5, 1ms, 32 bytes) can be achieved for DL data channel by 1-shot transmission of 2 OS sTTI in case of 4T2R.

Observation 6: The requirement of (10-5, 1ms, 32 bytes) can be achieved for DL data channel by 2 or 3 repetitions of 2 OS sTTI in cases of 2T2R and 4T2R.

Observation 7: The requirement of (10-5, 1ms, 32 bytes) can NOT be achieved for DL data channel by 1 HARQ retransmission of 2 OS sTTI.
3.2 UL simulation 

Based on the Q-values shown in section 2.1, the link-level simulation results for LTE-URLLC UL performance evaluation are presented in this section for reliability requirements of 10-4 and 10-5, respectively, considering both grant-based and grant-free uplink transmissions.
3.2.1 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 below with the latency including the round-trip time.
Table 5. Required SNR and latency of UL grant-based transmission with 1-10-4 reliability
	Transmission Strategy
	Working Point (Es/N0 in dB)
	Latency
(ms)

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

	1 ms TTI with 1-shot transmission
	\
	-3.6
	-7.5
	13

	1 ms TTI with 2 repetitions
	-2.6
	-6.7
	-9.7
	14

	1 ms TTI with 1 retx
	--2.6
	-6.7
	-9.7
	21

	2 OS sTTI with 1-shot transmission
	0.2
	-4
	-7.5
	2.17

	2 OS sTTI with 2 repetitions
	-2.1
	-6
	-9
	2.25

	2 OS sTTI with 3 repetitions
	-3.5
	-6.9
	-9.8
	2.33

	2 OS sTTI with 1 retx
	-2.1
	-6
	-9
	3.42


Comparing the geometry shown in Table 1 and required SNR in Table 5, the following observations can be obtained:
Observation 8: The requirement of (10-4, 10ms, 32 bytes) can NOT be achieved for grant-based UL data channel by 1ms TTI.
Observation 9: The requirement of (10-4, 10ms, 32 bytes) can be achieved for grant-based UL data channel by 1-shot transmission (in cases of 1T4R and 1T8R), repetitions or 1 HARQ retransmission of 2 OS sTTI. 
Observation 10: The requirement of (10-5, 1ms, 32 bytes) can NOT be achieved by grant-based UL data channel even though by sTTI.
3.2.2 Grant-free UL transmission

As shown in table 5, grant based UL transmission cannot support URLLC traffic with latency requirement of 1ms, therefore we focus on grant-free UL transmission. The simulation results for the UL transmission without grant are presented as follow.
Table 6. Required SNR and latency of UL transmission without grant with 1-10-5 reliability
	Transmission Strategy
	Working Point (Es/N0 in dB)
	Latency
(ms)

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

	1 ms TTI with 1-shot transmission
	\
	-0.8
	-5.5
	4  

	1 ms TTI with 2 repetitions
	\
	-4
	-7.9
	5

	1 ms TTI with 1 retx
	\
	-4
	-7.9
	12

	2 OS sTTI with 1-shot transmission
	1.2
	-3.2
	-7.1
	0.67

	2 OS sTTI with 2 repetitions
	-1.4
	-5.3
	-8.6
	0.83

	2 OS sTTI with 3 repetitions
	-2.8
	-6.4
	-9.4
	1

	2 OS sTTI with 1 retx
	-1.4
	-5.3
	-8.6
	2 


Comparing with the grant-based one, the latency from Table 6 is largely decreased by applying grant free transmission. Comparing the geometry shown in Table 1 and required SNR in Table 6, the following observation can be obtained:
Observation 11: The requirement of (10-5, 1ms, 32 bytes) can be achieved by grant-free UL data channel of 2 OS sTTI.
Observation 12: The requirement of (10-5, 1ms, 32 bytes) can NOT be achieved by grant-free UL data channel by 1 HARQ retransmission of 2 OS sTTI.
4 Conclusions
In this contribution, the remaining details of system-level simulation and link-level simulation are discussed, and the link-level simulation results for LTE URLLC performance evaluation are also provided. The following proposals and observations are achieved:
Proposal 1: The Q-values (5-percentile SINR) for PUSCH is -1.5dB for LTE URLLC performance evaluation.
Proposal 2: support 32 bytes at Layer 2 PDU as a baseline and other values are not precluded for LTE URLLC performance evaluations.

Proposal 3: For UE antenna configuration:
· 1TX port as baseline, 2 TX ports as optional;
· For 2GHz, 2 RX ports as baseline, 4 RX ports as optional.
Proposal 4: MCS index 0 of current LTE MCS table is considered as the baseline for LTE URLLC simulation. The higher coding rate/modulation can also be considered as optional to investigate URLLC performance.
Proposal 5: The reliability of each channel are evaluated independently by link level simulation. The overall reliability is computed analytically based on the reliability obtained in link level simulation (companies report their details in analysis).
Observation 1: The requirement of (10-4, 10ms, 32 bytes) can be achieved for DL data channel by 2 repetitions of 1ms TTI in case of 4T2R.
Observation 2: The requirement of (10-4, 10ms, 32 bytes) can be achieved for DL data channel by 1-shot transmission of 2 OS sTTI in case of 4T2R.

Observation 3: The requirement of (10-4, 10ms, 32 bytes) can be achieved for DL data channel by 1 HARQ retransmission of 2 OS sTTI.
Observation 4: The requirement of (10-5, 1ms, 32 bytes) can NOT be achieved for DL data channel by 1ms TTI. 
Observation 5: The requirement of (10-5, 1ms, 32 bytes) can be achieved for DL data channel by 1-shot transmission of 2 OS sTTI in case of 4T2R.

Observation 6: The requirement of (10-5, 1ms, 32 bytes) can be achieved for DL data channel by 2 or 3 repetitions of 2 OS sTTI in cases of 2T2R and 4T2R.

Observation 7: The requirement of (10-5, 1ms, 32 bytes) can NOT be achieved for DL data channel by 1 HARQ retransmission of 2 OS sTTI.
Observation 8: The requirement of (10-4, 10ms, 32 bytes) can NOT be achieved for grant-based UL data channel by 1ms TTI.
Observation 9: The requirement of (10-4, 10ms, 32 bytes) can be achieved for grant-based UL data channel by 1-shot transmission (in cases of 1T4R and 1T8R), repetitions or 1 HARQ retransmission of 2 OS sTTI. 

Observation 10: The requirement of (10-5, 1ms, 32 bytes) can NOT be achieved by grant-based UL data channel even though by sTTI.
Observation 11: The requirement of (10-5, 1ms, 32 bytes) can be achieved by grant-free UL data channel of 2 OS sTTI.
Observation 12: The requirement of (10-5, 1ms, 32 bytes) can NOT be achieved by grant-free UL data channel by 1 HARQ retransmission of 2 OS sTTI.
References

[1] ITU 5D/TEMP/300(Rev.1), “Minimum requirements related to technical performance for IMT-2020 radio interface(s)”, February, 2017.
[2] R1-1801385, Summary of email discussion on the link level evaluation for LTE URLLC, Athens, Greece, Feb 26 – March 2, 2018.
Appendix A. Simulation Assumptions

Table 7. System level evaluation assumptions for Urban macro - URLLC

	Parameters
	Urban macro

	Layout
	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	500m

	Carrier frequency 
	700MHz  

	Duplex
	FDD

	Simulation bandwidth
	20MHz for FDD

	Channel model
	TR36.873

	BS Tx power 
	49 dBm / 20 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
	Full buffer for geometry.
Poisson arrival (arrival rate: 100 packets/s with 32 bytes per packet);

	UE distribution
	80% outdoor,

20% indoor

	UE density
	10 users per TRP

	Cell association
	LoS path based

	HARQ retransmission number
	No HARQ retransmission


Table 8. 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 9. Link-level simulation assumptions

	Parameter
	Values

	Carrier frequency
	700MHz

	System bandwidth
	20MHz

	Allocated bandwidth
	10 PRBs for 1ms TTI UE

60 PRBs for 2-OS sTTI UE 

	Channel model
	TDL-A 

	Ds
	30ns or 300ns

	UE speed
	3km or 15km

	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 0 for 2-OS sTTI UE

	HARQ retransmission
	0, 1, 2

	Performance metrics
	BLER = 10^-4, 10^-5
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