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1 Introduction

In the previous RAN1 WG meeting, the following agreements regarding URLLC evaluations were made [1]:

Agreements:
· Evaluation metric and evaluation method for URLLC
· User plane latency : 
· Definition: Follow the definition in TR38.913, target value is 0.5ms one way, without reliability requirement.
· Evaluation method: Analytical; re-transmission is considered, but scheduling / queuing delay is not included in analytical evaluation
· 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)
· Evaluation method: Link level simulation as start point
· URLLC capacity and URLLC / eMBB multiplexing capacity
· Definition: Follow RAN1#85 agreements with further clarification, if needed
· Evaluation method: System-level simulation can be considered
· From RAN1 perspective, the following scenarios are used as a starting point for initial URLLC evaluations
· Indoor Hotspot scenario
· Urban Macro scenario
· System level evaluation method is used for URLLC system capacity study to analyze impact from inter-cell interference, queueing and scheduling latency, multiplexing with other services
· 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 that cannot meet latency L and link reliability R bound
· Companies report their assumption on X
Although, the general scenarios for URLLC evaluation were agreed, the details of evaluation assumptions for system level studies are not finalized at this moment. In this contribution, we discuss the detailed assumptions on URLLC evaluation in both URLLC standalone and mix of URLLC and eMBB services.
2 Discussion
The main KPIs for URLLC are the high reliability and latency that should be met together. The reliability may be interpreted as the link packet success rate, i.e. the percentage of packets which meet the target user plane latency measured from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface.

As it was agreed at the last meeting, the system level evaluation is needed in order to analyze impact of inter-cell interference, queueing and multiplexing effects on URLLC and eMBB system capacity. It was also agreed, that from RAN1 point of view, the evaluations could be started with Urban Macro and Indoor Hotspot scenarios. The selection of those scenarios was motivated by potential evaluation of “extreme” and “generic” URLLC conditions, which may be characterized by different values of required reliability and latency and potentially different design considerations. In particular, the Indoor Hotspot scenario was taken in order to show feasibility of achieving the 0.5 ms latency and 1-10-5 reliability and the Urban Macro scenario was selected to evaluate a more generic deployment where either such latency or reliability may or may not be needed, not precluding the analysis with 0.5 ms latency and 1-10-5 reliability. In the Table 1 below, we propose the detailed evaluation assumptions of URLLC in Urban and Indoor environments.
Table 1. URLLC system level evaluation deployment scenarios.

	Parameters
	Urban Macro
	Indoor Hotspot

	Layout
	Single layer
Macro layer: Hexagonal Grid
	Single-layer
Indoor floor: (3,6,12) BSs per 120 m x 50 m

	Inter-BS distance 
	500 m
	20 m

	Carrier frequency 
	4 GHz
	4 GHz

	Aggregated system bandwidth
	4 GHz: Up to 200 MHz (DL+UL)
	4 GHz: Up to 200 MHz (DL+UL)

	Simulation bandwidth
	20 MHz per CC below 6 GHz 
Note: For FDD, simulation BW is split equally between UL and DL

	Channel model
	36.873 3D UMa
	Below 6 GHz: ITU InH
Note: When 5GCM is found to be applicable to below 6 GHz, 5GCM  should be used

	BS Tx power
	46 dBm per 20 MHz
	24 dBm per 20 MHz

	UE Tx power 
	23 dBm

	BS antenna configurations
	See 38.802, table A.2.1-4.

	BS antenna height 
	25 m
	3 m

	BS antenna element gain + connector loss
	See 38.802, table A.2.1-4.

	BS receiver noise figure
	Below 6 GHz: 5 dB

	UE antenna configurations
	See 38.802, table A.2.1-4.

	UE antenna height
	Follow the modelling of TR 36.873

	UE antenna gain
	Follow the modelling of TR 36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Unidirectional (DL or UL) is evaluated as baseline.
Bidirectional DL and UL traffic is evaluated as a second priority.
URLLC: FTP Model 3 with packet size 32, 50, 200 bytes.
eMBB: Full buffer

	Traffic load (Resource utilization)
	URLLC: Poisson packet arrival with arrival rate λ to achieve URLLC capacity

	UE distribution
	Follow Urban Macro user distribution for both URLLC and eMBB UEs
20% Outdoor in cars: 30 km/h,
80% Indoor: 3 km/h
URLLC: 10 UE/sector
eMBB: 1-10 UE/sector
	Follow Indoor Hotspot user distribution for both URLLC and eMBB UEs
100% Indoor, 3 km/h
URLLC: 60 UE/floor
eMBB: 60 UE/floor

	BS receiver
	Reported by companies, Baseline is MMSE-IRC

	UE receiver
	Reported by companies, Baseline is MMSE-IRC

	Feedback assumption & Link adaptation assumptions 
	Reported by companies

	Channel estimation
	Reported by companies, Practical channel estimation


Proposal 1

· Agree on the Urban Macro and Indoor Hotspot URLLC system level evaluation assumptions as provided in Table 1.

Additionally, the following specific assumptions could be made in order to evaluate the URLLC operation:
· Interference free and interference limited environment may be separately checked. In interference free environment, the capacity may be evaluated by modeling only one cell with association performed in multi-cell environment.
· For comparison of URLLC techniques, the target reliability may be relaxed assuming the relative qualitative effect still hold. E.g., (1-10-3) or (1-10-4) may be used for comparative studies to reduce simulation time.
· For a given deployment scenario, system BW and latency bound, some UEs may not be served with a target reliability R due to link budget constraints. Such UEs may be discarded from simulations by setting DL/UL MCL threshold as proposed in [6] with understanding that different techniques are compared with the same assumptions on admission control and MCL. Another motivation for such admission control is that UL link budget may be much lower [4] and therefore a realistic assumption on feasible DL/UL UE coverage should be taken into account.
Proposal 2

· Study different values of DL and UL admission control thresholds for URLLC evaluations.
· Provide statistics characterizing percentage of outage UEs.
3 Conclusions

In this contribution we discussed remaining issues of URLLC modeling for NR and have the following proposals:

Proposal 1

· Agree on the Urban Macro and Indoor Hotspot URLLC system level evaluation assumptions as provided in Table 1.
Proposal 2

· Study different values of DL and UL admission control thresholds for URLLC evaluations.

· Provide statistics characterizing percentage of outage UEs.
4 References

[1] RAN1#86 Chairmen Notes, August 2016.
[2] R1-1609546, “On eMBB and URLLC multiplexing”, Intel Corporation, Lisbon, Portugal, October 2016

[3] R1-1609543,  “On HARQ support for URLLC”, Intel Corporation, Lisbon, Portugal, October 2016

[4] R1-1609510, “Discussion on mini-slot structure for URLLC”, Intel Corporation, Lisbon, Portugal, October 2016

[5] R1-1610366, “Discussion on URLLC design aspects”, Intel Corporation, Lisbon, Portugal, October 2016

[6] R1-166398, “URLLC system level simulation assumptions”, Qualcomm Incorporated, Gothenburg, Sweden, August 2016
PAGE  
3/3

