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1 Introduction

A work item on Ultra Reliable Low Latency Communication for LTE (URLLC for LTE) was approved in RAN#76 [1] 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). According to [1], following two things should be discussed until RAN#79 (phase 1). 

	· 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, how to design evaluation scenarios is discussed based on key performance indicators (KPIs) discussed in [2]. In addition, URLLC capacity (as a performance metric) proposed in NR study item can be discussed to evaluate LTE URLLC performance. 
2 Discussions 
2.1 Evaluation scenarios 

Evaluation scenarios for user plane latency


There is one possible method to evaluate for user plane latency analytically as shown in Appendix. The evaluation of defined target user plane latency for LTE URLLC can be performed analytically with following assumptions: the maximum number of HARQ retransmissions with a certain failure probability (or target BLER) of each transmission. Based on the assumption, average user-plane delay can be calculated as shown in Appendix to check whether or not the assumptions and defined target user plane latencies are suitable for LTE URLLC requirements. For example, it can be verified whether or not the transmission latency, eNB/UE processing delays, TTI duration and a certain number of re-transmissions meet the target latency value in case of both TDD and FDD. It is noted that the eNB/UE processing delays may include delays due to radio frame alignment as well as the resource allocation request and grant. The approach seems to be simple to consider, but assumed values of each parameter should be carefully selected based on reliable database and possible URLLC use cases. 
Evaluation scenarios for reliability 


Link-level(or system-level) simulations should be conducted to verify the feasibility of achieving the target BLER of 10-5 or other defined values for LTE URLLC with following assumptions such as the possible number of re-transmissions, MCS values corresponding to the encoder packet size of 32 bytes as shown in [4]. The link-level simulations incorporate the channel models relevant to the URLLC deployment scenario (for example, local and wide area network environments). Furthermore, it needs to clarify which channels achieve individual BLER to satisfy the target BLER for LTE URLLC. For example, it can be considered on how much BLER should be designed for control channel, data channel and HARQ feedback channel, respectively. 
Proposal 1: Consider performing feasibility study for user plane latency with a certain target BLER (or reliability) based on TR 36.912. 
System level simulation assumptions  


It is necessary to define parameters and related values for system level simulation to evaluate LTE URLLC performances. In [5], system level simulation assumptions are introduced for NR URLLC in case of wide and local area deployments. Based on [5], the following table can be considered as a baseline of system level simulation parameters for evaluating LTE URLLC by excluding some parameter and values specified for NR. 
Table 1: System level simulation assumptions 

	Parameters
	Urban Macro
	Indoor Hotspot

	Layout
	Single layer
Hexagonal Grid
	Single-layer
6 BSs per 120 m x 50 m

	Inter-BS distance
	500 m
	20 m

	Carrier frequency
	2 GHz
	2 GHz

	Simulation bandwidth
	10 MHz

	Channel model
	36.873 3D UMa
	ITU InH

	BS Tx power
	43 dBm per 10 MHz
	21 dBm per 10 MHz

	UE Tx power
	23 dBm

	BS antenna height
	25 m
	3 m

	BS receiver noise figure
	5 dB

	UE receiver noise figure
	9 dB

	Traffic model
	Both FTP Model 3 (with Poisson arrival) and periodic packet arrivals with packet size 32 bytes.

	Traffic load 
(Resource utilization)
	Packet arrival to achieve URLLC capacity

	UE distribution
	Follow Urban Macro user distribution for URLLC UEs
20% Outdoor in cars: 30 km/h,
80% Indoor: 3 km/h

10 UE/sector
	Follow Indoor Hotspot user distribution for both URLLC UEs
100% Indoor, 3 km/h
10 UE/floor/TRP

	BS receiver
	Baseline is MMSE-IRC

	UE receiver
	Baseline is MMSE-IRC

	Channel estimation
	Practical channel estimation


Link level simulation assumptions  


As for link level simulation assumption, [5] provides basically simulation assumptions for NR URLLC. Even though LTE has different design with NR, some parameters and values can be adopted in link level simulation assumption for evaluating LTE URLLC. Following tables shows link level simulation assumptions for LTE URLLC. 

 Table 2: Link level simulation assumptions 
	Attributes
	Values or assumptions

	Carrier Frequency
	2 GHz

	Modulation and coding rate
	QPSK, 1/3

Other MCS not precluded

	User bandwidth
	Companies report

	Latency bound 
	1ms or other values
Other values are not precluded

	SINR range
	-5dB to 20dB

Larger range is not precluded

	Sub-carrier spacing
	15 kHz

	TTI length
	About 0.14ms

	OFDM symbols per TTI
	2 symbols

	Channel model
	TDL/CDL in TR 38.901; 
user speed = 3km/h (other user speed is not precluded)

	BS antenna configuration
	2/4 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 

Other values are not precluded.

	Channel estimation
	Ideal as start point; Realistic is not precluded when RS design is ready


Proposal 2: Consider Table 1 and 2 as a baseline to evaluate LTE URLLC. 
2.2 URLLC capacity 

There were discussions on how to define performance metric to evaluate NR URLLC performance in last RAN1#85 meeting. The followings are related agreements for NR. 
	Agreements:

The following performance metrics are defined for evaluation and feature selection in RAN1 (FFS the method of evaluation, including whether SLS are required): 

· URLLC capacity is defined as delivered traffic given the (L, R) constraint

· Denoted as C(L,R) 

· URLLC/ eMBB multiplexing capacity is defined as the simultaneously delivered URLLC capacity C(L,R) and eMBB capacity T



In the above agreement, L means target value for user plane latency and R means target value for reliability requirement. If LTE URLLC considers URLLC capacity as a performance evaluation metric even though LTE has a different design philosophy with NR, some following discussions can be considered. 
URLLC capacity definition for SLS 


RAN1 needs to clarify the definition of URLLC capacity, where RAN1 already has the agreement that URLLC capacity is defined as delivered traffic given the (L, R) constraint and denoted as C(L, R) for at least NR. However, this definition seems not clear yet. In the following, an overall observation methodology for evaluation is provided. 

It is needed to consider what L and R affects the system-level evaluations. First, R determines MCS for scheduling to satisfy the required reliability. Regarding the definition of L, the following two approaches for evaluation can be suggested. A file delay is defined as the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface or the consumed time duration from the instant of a packet arrival to the instant of successful decoding.

Approach 1: L is put as a strict requirement of latency for every URLLC packet. With this approach, the evaluation and performance observation can be performed as follows. First, system-level evaluation can be performed with a given L and with a fixed packet size. For the packets having its file delay less than L, it can be counted as a successful packet. In this case, the transmitted information size can be considered to be equal to the packet size. On the contrary, the packets having its file delay larger than L can be counted as a failed packet. For the failed packet, its transmitted information can be considered as zero. Next, the capacity can be also observed with the user perceived throughput for URLLC transmission, where the average value of the transmitted information size divided by the file delay over the packets arrived at the transmitter. Figure 1 shows a toy example of the above approach. As it can be seen, the 1st packet is a successful packet while the 2nd one is a failed packet. With this setting, C(L, R) can be calculated as below. 


[image: image1.wmf]þ

ý

ü

î

í

ì

=

packet

 

2nd

 

of

delay 

 

file

0

   

,

packet

1st 

 

of

delay 

 

file

size

packet 

1st 

average

R

L

C

)

,

(



Here, if it is assumed that the information bits received after exceeding the latency requirement are not useful to the URLLC UE anymore, the eNB does not need to transmit those bits and the eNB can stop transmission after the latency requirement. With this setting, instead of the above calculation, C(L, R) can be calculated as below. 
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Main difference between two methods is eNB scheduling behaviour. In case of first method, eNB always schedule UEs whose packet’s file delay already exceeds required target latency. On the other hand, eNB does not schedule the UEs anymore in case of second method. So, the second method can provide efficient usage of wireless physical resources. 
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Figure 1: Example of Approach 1.

Approach 2: In this approach, L is a parameter to determine TTI length (or frame structure) so that the user plane latency with the chosen TTI length (or frame structure) is less than L. Even though the file delay of a packet is larger than L, the packet is considered as one of the successful packet. With this setting in the example of Figure 1, C(L, R) can be calculated as below. 
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Including the above two approaches, RAN1 can discuss to clarify what L and R denote and how to measure C(L, R).

URLLC capacity definition for LLS 


Similar to the above SLS case, role and definition of C, L and R needs to be clarified. In LLS as well as SLS, R determines MCS for scheduling to satisfy the required reliability. Also, L becomes a parameter to determine TTI length (or frame structure) so that the user plane latency with the chosen TTI length (or frame structure) is less than L by considering eNB/UE processing delays and frame alignment jointly. Therefore, for given L and R, the eNB can schedule with MCS and TTI length. After that, with full buffer model, the URLLC capacity C(L, R) can be defined as spectral efficiency. Moreover, BLER can be observed for given L and R. 

Proposal 3: Consider URLLC capacity as a performance metric to evaluate LTE URLLC. 

3 Conclusions
In this contribution, evaluation scenarios and performance metrics were discussed to evaluate LTE URLLC. Followings are summary in this contribution. 
Proposal 1: Consider performing feasibility study for user plane latency with a certain target BLER (or reliability) based on TR 36.912. 
Proposal 2: Consider Table 1 and 2 as a baseline to evaluate LTE URLLC. 
Proposal 3: Consider URLLC capacity as a performance metric to evaluate LTE URLLC. 
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Appendix

In Appendix B.2 of [3], the average user plane latency of 3GPP Rel-8 is calculated, with the example assumption of at most 1 re-transmission for successful reception, with a probability of 1 re-transmission of either 0% or 10%. 

With these example assumptions, it is shown that in the FDD case, the average U-plane latency are 4 ms  and 4.8 ms, in the case of a re-transmission probabilities of 0% and 10%, respectively. 

The following tables calculate the average U-plane latency in the TDD case for various DL:UL ratios, with the same example assumptions, i.e., at most 1 re-transmission, and with the initial transmission having a BLER of either 0% or 10%, i.e., with a probability (of 1 re-transmission) of either 0% or 10%.
Table B.2.2-2a in [3]: U-plane latency analysis with 0% HARQ BLER (average in downlink)

	Step
	Description
	UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	1
	eNB Processing Delay
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	1.7ms
	1.1ms
	0.7ms
	1.1ms
	0.8ms
	0.6ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	UE Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	
	Total one way delay
	5.2ms
	4.6ms
	4.2ms
	4.6ms
	4.3ms
	4.1ms
	4.9ms


Table B.2.2-2b in [3]: U-plane latency analysis with 0% HARQ BLER (average in uplink)

	Step
	Description
	 UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	1
	UE Processing Delay
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	1.1ms
	1.7ms
	2.5ms
	3.3ms
	4.1ms
	5ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	eNB Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	
	Total one way delay
	4.6ms
	5.2ms
	6ms
	6.8ms
	7.6ms
	8.5ms
	4.9ms


Table B.2.2-3a in [3]: U-plane latency analysis with 10% HARQ BLER (average in downlink)

	Step
	Description
	UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	1
	eNB Processing Delay
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	1.7ms
	1.1ms
	0.7ms
	1.1ms
	0.8ms
	0.6ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	UE Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	5
	HARQ Retransmission
	0.1*10ms
	0.1*10.2ms
	0.1*9.8ms
	0.1*10.5ms
	0.1*11.6ms
	0.1*12.4ms
	0.1*11.2ms

	
	Total one way delay
	6.2ms
	5.62ms
	5.18ms
	5.65ms
	5.46ms
	5.34ms
	6.02ms


Table B.2.2-3b in [3]: U-plane latency analysis with 10% HARQ BLER (average in uplink)

	Step
	Description
	UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	1
	UE Processing Delay
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	1.1ms
	1.7ms
	2.5ms
	3.3ms
	4.1ms
	5ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	eNB Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	5
	HARQ Retransmission
	0.1*11.6ms
	0.1*10ms
	0.1*10ms
	0.1*10ms
	0.1*10ms
	0.1*10ms
	0.1*11.5ms

	
	Total one way delay
	5.76ms
	6.2ms
	7ms
	7.8ms
	8.6ms
	9.5ms
	6.05ms
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