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1	Introduction
In RAN1#94bis [1], requirements and simulation assumptions for different URLLC use cases are defined.
Rel-15 enabled use case is one of the use cases with two sets of requirements, one for small packet size with strict reliability and latency requirements and another for large packet size with more relaxed requirements. In this contribution, we evaluate the Rel-15 enabled use case using the stricter requirement, i.e., reliability of 99.999% within 1ms latency for a small packet size of 32 bytes. We note that these requirements are also aligned with the ITU IMT 2020 reliability requirement [2]. 
[bookmark: _Ref178064866] 2	Discussion
Reliability and latency requirements for Rel-15 enabled use case defined in [1] are shown in Table 1 below. In the following, we focus on the reliability requirement of 99.999% within 1ms latency for a small packet of 32 bytes.
Table 1. Requirements for Rel-15 enabled use case.
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size and traffic model

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999 
	1ms (air interface delay) for 32 bytes
1 ms and 4 ms (air interface delay) for 200 bytes 
	DL & UL:
32 and 200 bytes 

FTP model 3 or periodic with different arrival rates

	
	99.9
	7ms (air interface delay)
	DL & UL:
4096, 10 K
FTP model 3 or periodic with different arrival rates



2.1	System-Level Simulations (SLS)
We perform system level simulation based on the assumptions outlined in [1] and also shown in Table 2 below. Full buffer traffic model is assumed which may be seen as the worst-case assumption in terms of interference where users always have data to transmit. UL and DL SINR distributions are shown in Figure 1. 
Table 2. Assumptions for the system-level simulations for Rel-15 enabled use case (Urban macro).
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	16Tx/16Rx ports (M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 8), dH = 0.5λ, dV = 0.8λ; 9 degrees electrical antenna tilt

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	2 Tx/4 Rx antenna ports

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	3dBi 

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	Simulation bandwidth 
	40 MHz DL and 40 MHz UL

	Duplex mode
	FDD

	SCS 
	30 kHz

	UE distribution
	80% of users are outdoors and 20% of users are indoors 
Indoor penetration loss is modelled according to low loss model

	Traffic
	Full buffer
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[bookmark: _Ref513546482]Figure 1. Full buffer DL and UL SINR distribution for URLLC Rel-15 enabled use case.
For macro scenario, the 5th%-tile SINR is typically considered to representing a cell-edge user SINR. Here the 5th%-tile SINR is 1.69 dB (DL) and 0.92 dB (UL).

Observation 1 [bookmark: _Toc510742722][bookmark: _Toc525925732][bookmark: _Toc528972943][bookmark: _Toc528973032][bookmark: _Toc528973098]The cell-edge SINR for URLLC Rel-15 enabled use case (macro scenario) is approximately 1.69 dB (DL) and 0.92 dB (UL).
2.2 Link-level simulations (LLS)
Next, we evaluate link level performance for Urban macro scenario using the assumptions in Table 3. For PDCCH a DCI of size 40 bits excluding CRC is assumed. For PUCCH we have assumed 1-bit UCI carried by PUCCH format 0 with 2os duration and frequency hopping (evaluated at 1% D2A rate). For data, different MCSs are evaluated for a small packet size of 32 bytes transmitted over 4os PDSCH/PUSCH. 
The resulting BLER and error rate as a function of SNR for the DL and UL control channels are shown in Figure 2, and for the data channels in Figure 3. 
Table 3. Assumptions for the link-level simulations for Rel-15 enabled use case (Urban macro).
	Parameter
	Value

	Carrier frequency for evaluation
	4GHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901

	UE speed
	3 km/h for Rel-15 enabled use case

	BS antenna configuration
	2 Tx/4 Rx antenna ports 

	UE antenna configuration
	2 Tx/4 Rx antenna ports

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE



[image: C:\Users\ezashmu\Documents\MATLAB\Main-ITU-self-eval-20171006\results_ezashmu_RAN1_94bis\controlResult_4GHz_MCS3_MCS6_4os.png]
[bookmark: _Ref513557951]Figure 2. PUCCH format 0 error rate and PDCCH BLER as function of SNR.
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[bookmark: _Ref525924451]Figure 3. BLER for 4OS-data with different MCSs (from Table 5.1.3.1-3 [3]) as function of SNR.

2.3 Total reliability for URLLC Rel-15 enabled use case
We evaluate the overall reliability of a single DL and configured grant (CG) UL transmission as follows. 
       	(1)  BLER after one DL transmission = Pr(PDCCH failure) + Pr(PDCCH success)*Pr(PDSCH failure)
(2)  BLER after one CG-UL transmission = Pr(PUSCH failure)

From the results in Figures 1-3, it can be seen that at the 5th%-tile DL SINR (1.69 dB), Pr(PDCCH failure) can be made lower than 1E-5 using AL4 or higher and Pr(PDSCH failure) can be made lower than 1E-5 using MCS9 or lower. Thus, BLER after one DL transmission according to (1) can be made lower than 1E-5. 
Similarly, it can be seen that at the 5th%-tile UL SINR (0.92 dB), Pr(PUSCH failure) can be made lower than 1E-5 using MCS9 or lower.  
That is, there exist several scheduling options for a single DL and CG-UL transmission with 4-os duration which fulfill the reliability requirement, i.e., achieving overall BLER of 1E-5 at the 5th%-tile SNR. Moreover, based on latency analysis in [4], it is found that single DL and single CG-UL transmissions with 4os, 30 kHz SCS are both possible within 1ms latency bound. Thus, the URLLC Rel-15 enabled use case requirement (macro scenario) of 1E-5 error rate within 1ms latency can be met.

Observation 2 [bookmark: _Toc525925735][bookmark: _Toc528972944][bookmark: _Toc528973033][bookmark: _Toc528973099]The reliability target of 99.999% (total BLER of 1E-5) can be met at the 5th%-tile SINR for DL and configured grant UL with a single transmission using MCS9 or lower.
Observation 3 [bookmark: _Toc528972945][bookmark: _Toc528973034][bookmark: _Toc528973100]URLLC Rel-15 enabled use case requirement of 1E-5 error rate within 1ms for a packet size of 32 bytes can be met.

3. [bookmark: _Hlk513548062][bookmark: _GoBack]Conclusion
In section 2 we made the following observations:
Observation 1	The cell-edge SINR for URLLC Rel-15 enabled use case (macro scenario) is approximately 1.69 dB (DL) and 0.92 dB (UL).
Observation 2	The reliability target of 99.999% (total BLER of 1E-5) can be met at the 5th%-tile SINR for DL and configured grant UL with a single transmission using MCS9 or lower.
Observation 3	URLLC Rel-15 enabled use case requirement of 1E-5 error rate within 1ms for a packet size of 32 bytes can be met.
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