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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#86 meeting, URLLC evaluation assumptions are discussed, and evaluation metrics, evaluation scenarios for URLLC, the related traffic model, and detailed LLS evaluation assumptions for data channel evaluation are agreed. 
The remaining issues include 
· LLS and SLS evaluation method 
· LLS evaluation assumption for control channel evaluation
This contribution discusses and provides proposals on the above items.
[bookmark: _Ref129681832]Agreed evaluation metrics for URLLC
In RAN1#86 meeting, the following evaluation metrics are agreed for URLLC evaluation [1][2].
· User plane latency : 
· Definition: Follow the definition in TR38.913, target value is 0.5ms one way, without reliability requirement.
· Reliability  
· 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).
· Denoted as R(L, Q, SE), where SE is the required spectral efficiency and SE=X/L/B where B (in Hz) is the user bandwidth that is allocable to one device.
· The latency bound L includes transmission latency, processing latency, retransmission latency and queuing/scheduling latency (including scheduling request and grant reception if any)
· URLLC system capacity is calculated as follows:
· C(L, R) is the maximum offered cell load under which Y% of UEs in a cell operate with target link reliability R under L latency bound
· X = (100 – Y) % is the percentage of UEs in outage
· A UE in outage is defined as the UE can not meet latency L and link reliability R bound
· Companies report their assumption on X
Evaluation method 
It is agreed that for reliability, LLS will be used for the evaluation, and SLS will be used to evaluate URLLC capacity and URLLC/eMBB multiplexing capacity. 
For LLS evaluation, the following method is proposed.
Proposal 1: For reliability evaluation of R(L’, Q, SE) for data channel, link level simulation will be applied as in Table 1. 
[bookmark: _Ref462243203]Table 1 LLS evaluation method for URLLC data channel
	· For one drop, 
· Sufficient number of packets with packet size of X bits will be generated according to the traffic model. Additionally, user bandwidth B Hz, and an average SNR which represents a channel condition Q will be set. 
· For one data packet, if it is successfully received within latency boundary L’ (with or without re-transmission depending on proposed solutions), this packet is regarded as successfully received. Otherwise, this packet is regarded as failed, and will be dropped. 
· Reliability R (L’,Q, SE)= N/M, where N is the successfully received number of packets with the pre-defined latency boundary L’ (without scheduling / queuing latency) and channel condition Q, and M is the total number of packets generated in the simulation.
· In this case, latency L’ captures transmission latency, processing latency, and retransmission latency, but without scheduling / queuing latency. 
· If average scheduling latency is assumed to be Lsche, then L’=L0- Lsche, where L0 is the total latency boundary including scheduling / queuing latency.



On the other hand, to evaluate URLLC capacity, the number of devices / links that could fulfill certain requirement on reliability and latency should be evaluated. In this case, multiple URLLC devices will be assumed in the deployment scenario. System-level simulation will be conducted. However, to evaluate the reliability requirement, full blown system-level simulation might be prohibitive, since very large simulation time might be required. For example, if the reliability requirement is 99.999%, usually 1,000,000 packets are needed for a specific link to test whether such high reliability could be achieved. That could lead to simulation time of 5 hours if we assume 50 packets per second arrival rate. In this case, an alternative way is proposed.
Proposal 2: System level simulation for URLLC capacity evaluation could be conducted as in Table 2. 
[bookmark: _Ref462243321]Table 2 SLS evaluation method for URLLC capacity
	· For one drop, set the simulation time Tsim, where Tsim is larger than channel coherent time for all of the links under evaluation. Also set a number of URLLC devices and generate packet with packet size of X bits for each device according to the traffic model. 
· For the i-th destination device / link (referred to as “i-th device” for short), denote the arrival time of the k-th packet to this device as ti,k. The scheduling latency Li,k for the k-th packet of the i-th device, and its allocated bandwidth Bi,k, could be obtained from the simulation. And the channel condition (SINR) Qi,k of the i-th device for the time instance of tk could also be obtained. Calculate the reliability for this packet, Ri,k = R(L0 –Li,k, Qi,k, SEi,k), where L0 is the total latency requirement including scheduling latency, transmission latency, processing latency, and retransmission latency, SEi,k =X/(L0 –Li,k)/Bi,k, and R(L,Q, SE) is derived by link level simulation. 
· 
The reliability of the i-th device is predicted as  , where Ki is the number of packets targeted to the i-th device during simulation time Tsim.
· If Ri >R0 (where R0 is the reliability requirement), this device is regarded as “reliable” device / link, and could be accounted into Y% of divece in URLLC capacity evaluation. Otherwise, this device / link is not “reliable”, and should not be accounted into Y% of device.



LLS evaluation assumption for control channel evaluation
In the agreement of [1], it is noted that control channels including DL assignment/UL grant/ACK/NACK are to be evaluated further. To accomplish this evaluation, LLS assumption is needed. In Table 3, the LLS parameter for DL control channel evaluation is proposed.
[bookmark: _Ref457841723]Table 3 Proposed parameters of link level simulation for DL control channel study in URLLC
	Attributes
	Values or assumptions

	Carrier Frequency
	700MHz and 4 GHz (FDD and TDD)

	Modulation and coding rate
	QPSK

	System bandwidth
	20MHz

	DCI payload size
	24bit, 48bit
Other size is not precluded.

	SINR range
	-10dB to 10dB 
Larger range is not precluded

	Sub-carrier spacing
	Companies report

	TTI length
	Companies report

	OFDM symbols per TTI
	Companies report

	Channel model
	TDL-C in TR38.900, RMS Delay Spread is 1000ns, user speed = 3km/h, 15km/h (other user speed is not precluded)

	BS antenna configuration
	2Tx/Rx as starting point
Other values are not precluded

	UE antenna elements
	2 Tx/Rx ports as starting point
Other values are not precluded

	Transmission mode
	SFBC

	Channel estimation
	Ideal as start point; Realistic when RS design is ready



Proposal 3: Use Table 3 for LLS evaluation for DL control channel for URLLC.
Conclusions
In this contribution, the evaluation method of LLS and SLS for URLLC evaluation is proposed. LLS evaluation assumption for DL control channel evaluation is proposed. In summary, we have the following proposals.
Proposal 1: For reliability evaluation of R(L’, Q, SE) for data channel, link level simulation will be applied as in Table 1. 
Proposal 2: System level simulation for URLLC capacity evaluation could be conducted as in Table 2.
Proposal 3: Use Table 3 for LLS evaluation for DL control channel for URLLC.
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