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Introduction 
This contribution collects companies’ views on deployment scenarios for NR unlicensed (NR-U) operation. As it was reported to TSG RAN, an informal workshop on NR in unlicensed spectrum was held in San Diego, USA, during October 3-4, 2017 [1]. It was suggested and decided amongst the attending companies to have unofficial email discussions on three agenda items, namely, deployment scenarios, spectrum, and simulation methodology. 
This document is a report on the email discussion on the simulation methodology, which was initiated during the second week of December, 2017 until February, 2018. For this email discussion, we received response from Qualcomm, ATT, Charter, Intel, Vivo, Huawei, Broadcomm, Ericsson and their views are shown below.

It is proposed to use following scenarios to evaluate NR-SS performance:
· Indoor sub-7GHz, 2 operators
· Indoor mmW, 2 Operators
· Outdoor Sub-7 GHz, 2 operators
· Outdoor mmW, 2 operators
In this document, companies views on simulation methodology are summarized, including some key simulation configuration parameters and candidate spectrum.
Simulation Methodology for NR-Unlicensed
The scenarios for evaluation are described in this clause. Addition of scenarios for evaluation of can be considered depending on the outcome of further discussion
Indoor with Sub-7GHz 
This simulation is to evaluate sub-7GHz NR-SS technology in an indoor scenario. Definition of scenario 2.1 is provided below:
· Same deployment as 3GPP 38.802 indoor hotspot but with two operators
· Single floor of open office with dimension 120m x 50m x 3m
· Two operators deploy 6 gNs each
· Operator 1: gNB 1/3/5/7/9/11 
· Operator 2: gNB 2/4/6/8/10/12
· gNB mounting on the ceiling
· UEs density Average 5UE/gNB with random drop; UE association based on minimum pathloss
· Traffic model: Bursty file download (FTP)
· KPI: UPT at various percentiles
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Fig 2-1. Indoor deployment scenario for sub-7GHz


Some key evaluation parameters are listed here and full set of parameters can be found in Table A-1

	Parameters
	Scenario 2.1, Indoor Sub-7GHz

	Carrier Frequency
	5GHz

	Channel Bandwidth
	20MHz

	Channel Model
	InH Open Office model in TR 38.901 Chapter 7.4.1 

	BS Tx Power
	18dBm

	UE Tx Power
	18dBm

	BS Antenna gain
	5 dBi

	UE Antenna gain
	0 dBi

	BS Noise Figure
	5dB

	UE Receiver Noise Figure
	9dB

	UE receiver
	MMSE-IRC as the baseline receiver

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

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

	Comments
	No EIRP limits available for 6GHz, thus LAA [TR 36.889 §A1.1] is used as baseline for power settings. 






	Company
	Views

	ATT
	Include unequal operator node density in various scenarios. This is useful to understand the dynamics of spectrum sharing

	Charter
	· We’d expect it to use less gNB for sub 6Ghz compared to mmW to manage interference
· We propose for sub 6GHz to split it to 5GHz (ch BW will be 20MHz) and 3.5GHz (ch BW 10MHZ for GAA), both will have difference in BS power (both the indoor and outdoor cases)
· Need to specify the Ch BW For the sub 6 GHz and mmw (different bands will have different specific BW,  need to limit to minimum applicable).
· Will the proposed simulations apply for both Stand alone and LAA?

	 Intel
	· One key difference of unlicensed simulation from that of the licensed simulation would be the evaluation of the coexistence with the incumbent systems. (Otherwise, there is no difference with the simulation for licensed systems and, thus, no need to discuss under NR-Unlicensed SI scope.) In the current form, the candidate spectrums for evaluation are chosen somewhat arbitrarily and the incumbent systems are not specified as well. In this regard, we have the following comments:
a. Rather than selecting an arbitrary frequency, e.g., 4 GHz for Scenario 1.1, it may be good to specify a particular frequency of interest, e.g., 5 GHz, with the target incumbent system for the coexistence evaluation, e.g., IEEE 802.11ax.  
b. Similarly for the mmWave simulations as well. 


	Vivo
	1. The evaluation is only to simulate the performance of the NR nodes in unlicensed band, or the coexistence with other incumbent systems will also be simulated?
1. For indoor or enterprise scenario in sub 7GHz, why the locations of the gNBs are fixed? Does that imply some coordinated deployments among operators in unlicensed band? Or should we use exactly the same deployment as in licensed band? 
1. What is the distribution of the UE in these scenarios? 
1. What is the traffic model used for simulation?


	Huawei
	1.  The carrier frequency for scenario 1.1 and 2.1 should be 5GHz instead of 4GHz. It should also clearly stated which part of 5GHz as it related to the transmit power limitation. 
2. For scenario 1.1 and 1.2, it is not clear whether the distance between two operators are fixed or not. In LAA TR36.889, the distance of 2 operators is random reflecting uncoordinated deployment.
3. For the indoor scenario (1.1 and 1.2), how is gNB antenna installed? What is the antenna pattern? Should we also consider 3-sector-like deployment for high frequency(11ad assume 3 panel on one AP, each panel face 120 degree)?
4. As well as 20MHz CC bandwidth already well evaluated in LTE LAA, we think NR-U should also consider wider CC bandwidth, e.g. 80MHz.  As a comparison, CA with 4x20MHz could also be considered. 
5. In 38.913, 10 UE per TRP 100% indoor with 3km/h velocity are assumed. We suggest keep consistence with the scenario assumptions.
6. What is the assumption of traffic direction? DL only, UL only or bi-directional?
7. Coexistence evaluation can be focus on the new features, such as wideband operation, flexible frame structure. One of the operator can operate with 11ac/11ax in coexistence scenario. Duplication of evaluation cases in LTE LAA is not necessary.  

	Broadcomm
	The SI states the following as one of its objectives: 
· “Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier;”. 
However, there is no mention of the simulation methodology for 5GHz and 60GHz. So, coexistence with Wi-Fi and configurations that would test coexistence are also not present. Also, there are as yet no proposals for evaluation metrics.

	Qualcomm
	As further study, we may want to study the gNB deployment density and check if 3+3 gNB can provide enough coverage. As extensive work has been done for the co-existence between LAA and Wi-Fi for 5GHz, we should deprioritize the co-existence study between NR-U and Wi-Fi for 5GHz.

	LG Electronics
	Considering the uncertainty on locations of other operator’s or RAT’s nodes, we may need to apply randomness for node dropping.

	Ericsson
	As we expressed in our input to the NR-U 3 email discussion, 6 GHz should be studied since that band is under discussion for unlicensed operation in various regulatory regions



Indoor with mmW 
This simulation is to evaluate mmW NR-U technology in an indoor scenario. This scenario is basically the same as 2.1 except that a different carrier frequency should be used. Correspondingly, Antenna array configuration at UE and gNB are changed.

	Parameters
	Scenario 2.2, Indoor mmW

	Carrier Frequency
	37GHz, 60GHz 

	Channel Bandwidth
	2.16GHz for 60GHz

	Channel Model
	InH Open office model in TR 38.901 Chapter 7.4.1 

	BS Tx Power
	14dBm*

	UE Tx Power
	21dBm

	BS Antenna gain
	5 dBi

	UE Antenna gain
	0 dBi

	BS Noise Figure
	7 dB

	UE Receiver Noise Figure
	13 dB

	UE receiver
	MMSE-IRC as the baseline receiver

	BS antenna Array configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
 (M, N, P, Mg, Ng) = (8, 16, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	UE antenna Array configuration
	(M, N, P, Mg, Ng) = (2,2, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	Comments on the Tx power of gNB
	*EIRP limit for 37GHz DL is 75dBm
EIRP limit for 37GHz UL is 43dBm
*EIRP limit for 60GHz indoor is 40dBm
EIRP=Tx power + antenna gain + antenna array gain e.g. 14dBm+5dBi+10log10(8*16)~=40dBm for BS in 60GHz




	Company
	Views

	Ericsson
	1. With regard to the bandwidth of 2.16GHz for 60GHz, Is the intention that this is one carrier? If so, it far exceeds what can be handled with the maximum FFT size supported in NR (4096) coupled with the maximum SCS supported in NR (240 kHz).

2. Regulation for 37GHz is not clear, thus we propose to down prioritize it at this point. 

3. The deployment in Scenario 1.1 is too sparse for mmWave, thus a denser deployment should be considered.



· Each operator with 12 gNBs
randomly located in 10*10m 
square box (dashed box)
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	Intel
	It is unclear if we can evaluate 37 GHz (apart from considering it for candidate spectrum) as the regulation has not been defined yet. Also, the discussion on the candidate spectrum for NR-Unlicensed needs to be preceded in order to decide wether to simulate 60 GHz or not

	Qualcomm
	While regulation for 37GHz is not clear at this moment, we still need to evaluate performance of mmW technology around this band. 37GHz is just a placeholder at this moment. It may also depend on the discussion of [NR-U 2]

	LG Electronics
	It seems necessary to precede discussion on whether or not above 6 GHz is supported from the first stage for NR-U.

	Huawei, Hisilicon
	0. Considered limited time and resource available in SI, we suggest focus the prioritized frequency band in discussion of [NR-U 2]. 60GHz can be one candidate for above 6GHz.
0. The transmit power in 60GHz should be 11dBm if assuming 256 Tx antenna as listed in the row of “BS antenna Array configuration”. We are open to the number of antenna at BS and UE.
0. If the coverage is proved not enough, we can consider to reduce the size of room, e.g. 60mx25mx3m.
0. The traffic load should match available carrier bandwidth. Otherwise, we will not observe the behavior of channel access as almost contention occurs.
One of the operator can operate with 11ad/11ay when coexistence evaluation.



Outdoor with Sub-7GHz
This simulation is to evaluate sub-7GHz NR-SS technology in an outdoor scenario.
· Single layer macro-cell with inter-BS distance of 200m
· A second operator will use the same lay-out but gNB positions are right-shifted by 100m
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	Parameters
	Scenario 2.3, outdoor Sub-7GHz

	Carrier Frequency
	5GHz

	Channel Bandwidth
	20MHz

	Channel Model
	5GCM UMA specified in TR 38.901

	Inter-BS distance
	200m

	BS Tx Power
	24 dBm

	UE Tx Power
	18 dBm

	BS Antenna gain
	5 dBi

	UE Antenna gain
	0 dBi

	BS Noise Figure
	5dB

	UE Receiver Noise Figure
	9dB

	UE receiver
	MMSE-IRC as the baseline receiver

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

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

	comments
	No EIRP limits available for 6GHz, thus LAA [TR 36.889 §A1.1] is used as baseline for power settings. 






	Company
	Views

	Qualcomm
	Sectorized gNB may have LBT problem, in the sense that one transmitting sector may block the other two sectors from transmitting. To simplify the study, proposed to study omni-directional antenna pattern at eNB

	LG Electronics
	We need to evaluate on the two layer scenario (i.e., macro TRPs with micro TRPs) considering NR-U would be mainly deployed on small cell hotspot.

	Ericsson
	1. As we expressed in our input to the NR-U 3 email discussion, 6 GHz should be studied since that band is under discussion for unlicensed operation in various regulatory regions.
2. 5GCM UMi Street Canyon may be more appropriate for low power nodes

	Huawei, Hisilicon
	0. The max EIRP in ETSI regulation is 23dBm from 5.15GHz to 5.35GHz and 30dBm from 5.47GHz to 5.725GHz. Considering the 5dBi antenna gain, the maximum TX power should be 18dBm or 25dBm respectively. Whether the 200m ISD can be covered by current Tx power should be verified.
0. Whether three sectors collocated on one site or one omni cell on one site should be clarified. We prefer 3 sectors cases as it provides better coverage and throughput.
0. We also propose to evaluate outdoor two layer scenario which is a typical scenario for LAA mode. Detail can be found in section 2.5.  
0. The wraparound mechanism assuming position shift for 2nd operator should be clarified, whether it is based on the grid of one operator or union grid of two operators. Or we can consider two operators are collocated.
0. When coexistence are evaluated, one of the operator can operate with 11ac/11ax.




Outdoor with mmW
This simulation is to evaluate mmW NR-SS technology in an outdoor scenario
· Single layer macro-cell with inter-BS distance of 100m
· A second operator will use the same lay-out but gNB positions are right-shifted by 50m
	Parameters
	Scenario 2.2, Outdoor mmW

	Carrier Frequency
	37GHz, 60GHz

	Channel Model
	5GCM UMA specified in TR 38.901

	Inter-BS distance
	100m

	BS Tx Power
	14dBm

	UE Tx Power
	21dBm

	BS Antenna gain
	5

	UE Antenna gain
	0

	BS Noise Figure
	7

	UE Receiver Noise Figure
	13

	UE receiver
	MMSE-IRC as the baseline receiver

	BS antenna Array configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
 (M, N, P, Mg, Ng) = (8, 16, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	UE antenna Array configuration
	(M, N, P, Mg, Ng) = (2,2, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	comments
	*EIRP limit for 60GHz indoor is 40dBm
EIRP=Tx power + antenna gain + antenna array gain e.g. 14dBm+5dBi+10log10(8*16)~=40dBm for BS in 60GHz






	Company
	Views

	Ericsson
	1. Regulation for 37GHz is not clear, thus we propose to down prioritize it at this point. 
2. 5GCM UMi Street Canyon may be more appropriate for low power nodes

	LG Electronics
	As mentioned in section 2.2, it seems necessary to precede discussion on whether or not above 6 GHz is supported from the first stage for NR-U.

	Huawei,Hisilicon
	1. Considered limited time and resource available in SI, we suggest focus the prioritized frequency band in discussion of [NR-U 2]. 60GHz can be one candidate for above 6GHz.
2. We had concern about the outdoor coverage in this macro layer deployment in 60GHz. The TX power at BS is not increased compared with indoor scenario, however the coverage is extended by more than 2 times. If the coverage is very limited, it may not cost efficient to provide seamless coverage using 60GHz in outdoor.   




some other simulation scenarios
Stadium scenario for Sub-6GHz
This is useful because venues or more specifically stadiums require high capacity during events which is more uplink heavy. There may be an NGMN scenario for stadium that we can borrow.
	Company
	Views

	ATT
	This is useful because venues or more specifically stadiums require high capacity during events which is more uplink heavy. There may be an NGMN scenario for stadium that we can borrow.




indoor Enterprise scenario for sub-6GHz
This scenario is based on enterprise scenario defined in [802.11-14/0980r6] with following specifications:
office dimension of 80X40X3m, but with 
2 operators
1 channel (channel reuse 1)
gNBs mounted on the ceiling
Each operator with 8 gNBs
1 gNB per operator in each office
Walls between offices

[image: ]

	Company
	Views

	Ericsson
	· In addition to Scenario 1.1, it may be beneficial to consider an additional scenario with walls based on the LAA WI discussion experience. In the attached revision, we added a Scenario 1.1b.
· This new scenario is simplified from the IEEE enterprise deployment case. Instead of operating on 4 frequency channels with four times more nodes, a single frequency channel is shared by all nodes in the proposed Scenario 1.1b. On a per frequency basis, the node density is identical to the IEEE scenario.
· For the moment, we provide reference to IEEE TGac documents which includes the wall loss modelling. An alternative is to extend the 3GPP indoor open office model such that all links behind a wall is NLOS and each wall penetration has a loss of 7 dB (same as IEEE). We can discuss this further.









Dense urban 2 layers scenario
	Company
	Views

	Huawei, Hisilicon
	FFor
                    For outdoor scenario, the dense urban with two layers defined in TR38.802 can be considered as a baseline. In LAA deployment, the macro layer operates in licensed spectrum and the micro layer operates in unlicensed spectrum (5GHz or 60GHz). The UPT in micro layer should be counted. Considering plenty of evaluation in 5GHz for LTE LAA, efforts should be laid on those not carried out in LTE LAA evaluation, such as new spectrum, new numerology, new frame structure, wideband operation and etc. 
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Appendix 

Table A-1 Simulation Parameters for Indoor Sub-7GHz and mmW
	Parameters
	Scenario 2.1, Indoor Sub-7GHz
	Scenario 2.2, Indoor mmW

	Carrier Frequency
	6GHz
	

	Channel Model
	InH Open Office model in TR 38.901 Chapter 7.4.1 
	InH Open office model in TR 38.901 Chapter 7.4.1 

	BS Tx Power
	18dBm
	14dBm*

	UE Tx Power
	18dBm
	21dBm

	BS Antenna gain
	5 dBi
	5 dBi

	UE Antenna gain
	0 dBi
	0 dBi

	BS Noise Figure
	5dB
	7 dB

	UE Receiver Noise Figure
	9dB
	13 dB

	UE receiver
	MMSE-IRC as the baseline receiver
	MMSE-IRC as the baseline receiver

	BS antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
 (M, N, P, Mg, Ng) = (8, 16, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz


	UE antenna Array configuration
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
	(M, N, P, Mg, Ng) = (2,2, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz


	
	No EIRP limits available for 6GHz, thus LAA [TR 36.889 §A1.1] is used as baseline for power settings. 

	*EIRP limit for 60GHz indoor is 40dBm
EIRP=Tx power + antenna gain + antenna array gain e.g. 14dBm+5dBi+10log10(8*16)~=40dBm for BS in 60GHz


	
	




Table A-2 Key simulation parameters for outdoor
	Parameters
	Scenario 2.3, outdoor Sub-7GHz
	Scenario 2.2, Outdoor mmW

	Carrier Frequency
	6GHz
	37GHz, 60GHz

	Channel Model
	5GCM UMA specified in TR 38.901
	5GCM UMA specified in TR 38.901

	Inter-BS distance
	200m
	100m

	BS Tx Power
	24 dBm
	14dBm

	UE Tx Power
	18 dBm
	21dBm

	BS Antenna gain
	5 dBi
	5

	UE Antenna gain
	0 dBi
	0

	BS Noise Figure
	5dB
	7

	UE Receiver Noise Figure
	9dB
	13

	UE receiver
	MMSE-IRC as the baseline receiver
	MMSE-IRC as the baseline receiver

	BS antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
 (M, N, P, Mg, Ng) = (8, 16, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz


	UE antenna Array configuration
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
	(M, N, P, Mg, Ng) = (2,2, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz


	
	No EIRP limits available for 6GHz, thus LAA [TR 36.889 §A1.1] is used as baseline for power settings. 

	*EIRP limit for 60GHz indoor is 40dBm
EIRP=Tx power + antenna gain + antenna array gain e.g. 14dBm+5dBi+10log10(8*16)~=40dBm for BS in 60GHz
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