[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]3GPP TSG-RAN WG1 Meeting #93	        		            R1-1806757
[bookmark: _GoBack]Busan, Korea, May 21st – 25th, 2018
Agenda item:	7.6.1
Source: 	Samsung 
Title: 	Remaining simulation methodology for NR-U
Document for:	Discussion and Decision
1 Introduction
In RAN1 #92bis [1], the following agreements were made:
Agreement:
· For sub7 indoor simulation evaluation:
· Scenario: Option 2 (3+3) with indoor mixed office model
· Target to reach 10%-15% serving links below -72dBm
· Further layout parameter fine tuning may be needed. An example procedure for fine tuning is the following sequence.
· Currently a-b-a=15-20-15
· If not reaching target, try a-b-a=15-30-15 and a-b-a=20-40-20
· If not reaching target, apply a scaling factor to the layout with a-b-a=20-40-20
Agreement:
· For sub7 outdoor simulation evaluation:
· Select one of the following for the Outdoor sub-7 GHz scenario
· Alt 1: Each operator randomly drop [1 or 2] micro-layer TRPs within each macro cell with minimum dibstance between gNBs as in NR
· Use NR dense Urban option 1 (gNB dropped at the center of the hot-spot)
· Independent dropping between two operators
· Use the NR current [57.9] meters intra-operator minimum distance
· Use [10] meters as the inter-operator minimum distance
· UE randomly dropped within [28.9] meters within the serving cell
· Alt 2: Drop [1 or 2 or 3] hot spots as in NR urban option 1
· Within each hot-spot, randomly drop one gNB from each operator within a circle of radius [10] meters centered at the center of the hot-spot 
· The minimum inter-gNB distance is [10] meters
· Within each hot-spot, drop UE within [28.9] meters from the hot-spot center
· Parameters: Use the indoor sub7 table as baseline, with further fine tunes possible

Agreement:
· For calibration for sub-7 GHz indoor and outdoor scenarios, companies should submit for the baseline scenario:
· Cdf of received signal power from serving cell
· Optional: Cdf of received signal power from each of the all non-serving cells (including the cells from the other operator)



























This contribution discusses the received signal power distribution from serving cell for sub-7 GHz NR-U indoor scenarios; evaluation methodology for sub-7 GHz NR-U outdoor scenario and above-7 GHz NR-U; as well as the correspondingly channel access mechanisms for evaluation and performance metrics for evaluation.
2 Simulation Methodology for NR-U 
2.1 Simulation Parameters 
2.1.1 Simulation Parameters for Sub-7 GHz Indoor NR-U 
For sub-7 GHz indoor NR-U, it has been agreed in RAN1 #92bis [1] that the default simulation parameters will follow the NR parameters in TR 38.901 [2] and TR 38.802 [3], with the exception of the parameters as shown Table 1. In addition, Figure 1 illustrates the agreed node layout for sub-7 GHz indoor NR-U, which follows the indoor hotspot topology of TR 38.802 but with 2 operators, wherein each operator deploys 3 gNBs/APs. Further tuning of the layout parameters, i.e., (a,b,c,d) as shown Figure 1, is needed to reach the target for 10%-15% of serving links to be below -72dBm. 
Table 1: Simulation Parameters for Indoor Sub-7 GHz NR-U [1]
	Parameters
	Indoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline , 80MHz optional

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	SCS
	To be reported together simulation results

	Channel Model
	NR InH Mixed Office model

	BS/AP Tx Power
	23dBm (total across all TX antennas)

	UE/STA Tx Power
	18dBm (total across all TX antennas)

	BS/AP Antenna gain
	0dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	UE receiver
	MMSE-IRC as the baseline receiver

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	Baseline Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
Optional Tx/Rx: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	Use 36.889 Table A.1.1. 

	UE/STA to UE/STA link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	gNB to gNB link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability



Figure 2 plots the UE serving link power distribution under 4 different layout parameters (a,b,c,d) for the indoor sub-7 GHz NR-U, which shows that the percentile of the -72 dBm point is 5.5%, 8.4%, 12.1% and 20.4% respectively for the scenarios with (a,b,c,d) = (15,20,20,40), (15,30,20,40), (20,40,20,40) and (25,50,25,50). This indicates that the layout with parameters (a,b,c,d) = (20, 40, 20, 40) can meet the target probability for 10% - 15% of the UE serving cell received power to be below -72 dBm. In addition, Figure 3 plots the CCDF of the UE received signal power from the non-serving cells, including the cells from the other operator. It can be observed from both Figure 2 and Figure 3 that the indoor layout scenario (a,b,c,d) = (20,40,20,40) can achieve a good trade-off between the serving link strength and the likelihood for hidden node issue, in which case the indoor office size is 120 m x 80 m.
Proposal 1: Indoor sub-7 GHz NR-U evaluation shall adopt the layout as shown in Figure 1 with (a,b,c,d) = (20,40,20,40) meter. 


Figure 1. Indoor sub7 simulation office layout [1]
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Figure 2.  UE serving link power distribution for indoor sub-7 GHz NR-U
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Figure 3. UE interfering link power distribution for indoor sub-7 GHz NR-U

In addition to defining the node layout, indoor sub-7 GHz NR-U simulation can further enable the performance study of wideband operations (e.g., wideband LBT) with 80 MHz system bandwidth, effects of larger subcarrier spacing than LTE-LAA (e.g., 30/60 kHz), as well as the coexistence evaluation with the Wi-Fi (e.g., IEEE 802.11ac) system or NR-U system from other operator. 
Proposal 2: Indoor sub-7 GHz NR-U simulation shall further evaluate the effect of subcarrier spacing, system bandwidth, and coexistence performance with Wi-Fi or NR-U system from other operator.
2.1.2 Simulation Parameters for Sub-7 GHz Indoor NR-U 
For sub-7 GHz NR-U outdoor, parameters in the indoor sub-7 table (i.e., Table 1) can be used as the baseline as agreed in RAN1 #92bis [1], with the exceptions as shown in Table 2. In addition, for the two options of outdoor sub-7 GHz layout, independent dropping for the two operators is used for option 1, and the gNBs/APs of two operators are dropped within each hot-spot area for option 2. Although Option 1 is aligned with the cell layout used for NR evaluation as well as IMT-2020 evaluation, Option 2 is reasonable to model the scenarios where both operators deploy their NR-U or Wi-Fi network to serve common hot-spot areas, such as the university campuses, parks, stadiums, etc. If option 2 is adopted as the outdoor layout option, further parameters tuning can be performed to select the number of hot-spots and gNB/UE dropping radius. 
Table 2: Simulation Parameters for Outdoor Sub-7 GHz NR-U
	Number of users per operator
	10 UEs/STAs per gNB per 20MHz

	Channel Model
	NR UMi-street canyon model [2]

	UE/STA to UE/STA link pathloss model
	Directly use UMi-street canyon pathloss model with proper d_3D 

	gNB to gNB link pathloss model
	Directly use UMi-street canyon pathloss model with proper d_3D



Proposal 3: Layout Option 2 can consider for outdoor sub-7 GHz NR-U simulation with further tuning for the number of hot-spots and gNB/UE dropping radius.
2.1.3 Simulation Parameters for Above-7 GHz NR-U 
For above-7 GHz NR-U, the target is to investigate the performance of indoor/outdoor NR-U system operating in the mmWave unlicensed bands, such as the 37 GHz bands and 60 GHz bands. Due to the uncertainty in regulations for the 37 GHz shared band, the above-7 GHz NR-U evaluation shall focus on the 60 GHz unlicensed band. In addition, it has been agreed in [4] that the above-7 GHz NR-U evaluation can reuse the sub-7 GHz NR-U topology for both indoor and outdoor scenarios, with parameter changes may be needed. Since the mmWave unlicensed bands are subject to much higher free-space path loss compared to sub-7 GHz unlicensed bands, the node layout can be denser for above-7 GHz NR-U compared to sub-7 GHz NR-U, for both indoor and outdoor scenarios. 
Remaining simulation parameters for above-7 GHz NR-U evaluations are specified in Table 2, which can be applied to both indoor and outdoor scenarios. In particular, the system bandwidth per carrier for IEEE 802.11ad system is 2.16 GHz, which is much higher than the 400 MHz maximal channel bandwidth for Rel-15 NR in above-6 GHz bands. Therefore, various SCS options (e.g., larger than 120 kHz SCS) and/or carrier aggregation can be considered to evaluate the coexistence performance of above-7 GHz NR-U and the IEEE 802.11ad system. 
Table 2: Simulation Parameters for Above-7 GHz NR-U
	Carrier Frequency
	60 GHz

	Carrier Channel Bandwidth
	400 MHz (optional: 800/1600 MHz)

	Number of carriers
	1 (optional: 2) 

	SCS
	120 kHz (optional: 240/480 kHz)

	BS/AP Tx Power
	14 dBm (total across all TX antennas)

	UE/STA Tx Power
	21 dBm (total across all TX antennas)

	BS/AP Antenna gain
	5 dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	7 dB

	UE/STA Receiver noise figure
	13 dB

	UE receiver
	MMSE-IRC as the baseline receiver

	BS/AP antenna array configuration
	(M, N, P, Mg, Ng)  = (8, 16, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna array configuration
	 (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ



Proposal 4: NR-U above-7 GHz simulation shall evaluate the coexistence performance with IEEE 802.11 ad system under various NR-U SCS options and/or carrier aggregation.
3 Channel Access Mechanisms of NR-U for Evaluation
LTE Rel-13 LAA and Rel-14 eLAA introduced omni-directional energy detection based clear channel assessment protocols for both downlink and uplink operations. These LBT procedures of LAA/eLAA can be utilized as the baseline channel access frameworks for NR-U. Given the support of multi-beam operation for NR-U, the directionality of LBT is also an important factor for NR-U coexistence performance evaluation. One option is for NR-U gNB/UE to perform LBT omni-directionally similar to LAA and IEEE 802.11ac system; or quasi-omni-directionally similar to IEEE 802.11ad system. This option can provide good coexistence with these incumbent systems, but is conservative to support the multi-beam operation since interference from every direction is sensed uniformly. Another option is for the NR-U transmitter to perform a directional LBT over the intended transmit beam direction. This option is more suitable for multi-beam operation and can improve spatial reuse, but is potentially subject to severe hidden terminal and exposed terminal issues.
Therefore, for both the sub-7 GHz NR-U and above-7 GHz NR-U, the coexistence performance between NR-U and the coexisting system can be investigated for both omni-directional/quasi-omni-directional and directional LBT options. In addition, the severity of the hidden node and exposed node issues with directional LBT can also be evaluated. 
Proposal 5: Evaluate the coexistence performance of both omni-directional/quasi-omni-directional LBT and directional LBT based channel access mechanisms for both sub-7 GHz NR-U and above-7 GHz NR-U.
4 Coexisting System with NR-U for Evaluation
According to SID on NR-U [5], an important design objective for NR-U is to ensure fair coexistence within NR-based operations in unlicensed, and between NR-based operation in unlicensed and other incumbent RATs in the unlicensed band. Therefore, the simulation methodology also needs to specify the system that coexists with the NR-U operator in the evaluated unlicensed band. 
For 5 GHz unlicensed spectrum, the main incumbent system for coexistence evaluation will be Wi-Fi (e.g., IEEE 802.11 ac/ax); and the coexistence methods of NR-U should ensure the NR-U network would not affect the deployed Wi-Fi network performance more than an additional Wi-Fi network on the same carrier [5]. In addition, coexistence performance between the NR-U operator and another NR-U operator on the same carrier can also be evaluated in the 5 GHz unlicensed spectrum. For the 6 GHz green-field unlicensed spectrum wherein the main incumbents are the fixed satellite service (FSS) and fixed service (FS), the coexistence performance between two NR-U operators on the same carrier can be evaluated. For the 60 GHz unlicensed spectrum, both the coexistence performance between two NR-U operators, as well as the coexistence performance between NR-U and Wi-Fi (e.g., IEEE 802.11 ad/ay), can be evaluated. 
Proposal 6: Coexistence performance shall be evaluated between NR-U and Wi-Fi in 5 GHz and 60 GHz unlicensed bands, and between NR-U and NR-U in the both sub-7 GHz unlicensed bands and 60 GHz unlicensed band.
5 Performance Metrics for Evaluation
The performance metrics to evaluate for NR-U and the coexisting system, in both sub-7 GHz and above-7 GHz unlicensed bands, can be mostly reused from LAA [6], including the user-perceived throughput; latency; average buffer occupancy; and ratio of mean served cell throughput and offered cell throughput (i.e., ρ [6]). Another metric is the channel access probability, which is useful to evaluate the aggressiveness and fairness for NR-U and the coexisting system to access the channel under various NR-U channel access/LBT schemes, especially when directional LBT based channel access mechanisms are used by NR-U (e.g., in above-7 GHz bands). The channel access probability can be defined as the resource utilization (e.g., PRB utilization), or the ratio of mean duration that the transmitter has channel access over the mean duration that the transmitter needs channel access (e.g., sum of the duration that it contends for channel access and the duration that it has channel access).
Proposal 7: Performance metrics to evaluate for NR-U include the user-perceived throughput, latency, buffer occupancy, ratio of mean served cell throughput and offered cell throughput, and channel access probability.
6 Conclusions
This contribution considered the simulation methodology for NR unlicensed system, and proposed the following.
Proposal 1: Indoor sub-7 GHz NR-U evaluation shall adopt the layout as shown in Figure 1 with (a,b,c,d) = (20,40,20,40) meter. 
Proposal 2: Indoor sub-7 GHz NR-U simulation shall further evaluate the effect of subcarrier spacing, system bandwidth, and coexistence performance with Wi-Fi or NR-U system from other operator.
Proposal 3: Layout Option 2 can consider for outdoor sub-7 GHz NR-U simulation with further tuning for the number of hot-spots and gNB/UE dropping radius.
Proposal 4: NR-U above-7 GHz simulation shall evaluate the coexistence performance with IEEE 802.11 ad system under various NR-U SCS options and/or carrier aggregation.
Proposal 5: Evaluate the coexistence performance of both omni-directional/quasi-omni-directional LBT and directional LBT based channel access mechanisms for both sub-7 GHz NR-U and above-7 GHz NR-U.
Proposal 6: Coexistence performance shall be evaluated between NR-U and Wi-Fi in 5 GHz and 60 GHz unlicensed bands, and between NR-U and NR-U in the both sub-7 GHz unlicensed bands and 60 GHz unlicensed band.
Proposal 7: Performance metrics to evaluate for NR-U include the user-perceived throughput, latency, buffer occupancy, ratio of mean served cell throughput and offered cell throughput, and channel access probability.
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