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1 Introduction
NR BS classes have been discussed in RAN4 with some observations given in [1, 2]. WF on NR BS RF requirements was approved in [3]. Agreement was:
· To further investigate if an alternative to MCL should be used for setting BS class related requirements
· In initial phase consider introducing two BS classes, like i.e. Wide area and Local area BS classes in LTE (Other BS classes are not precluded).

In this contribution we discuss BS classes and MCL implications on RAN4 NR work and related requirements. We propose introducing initially three BS classes which are defined based on minimum distance instead of MCL.
2	Discussion

For UTRA and E-UTRA, the BS classification is based on minimum coupling loss (MCL), which is defined as the minimum distance loss including antenna gain measured between antenna connectors of UE and BS. 

Wide Area Base Stations are characterised by requirements derived from Macro Cell scenarios with a BS to UE minimum coupling loss equal to 70 dB. 
Medium Range Base Stations are characterised by requirements derived from Micro Cell scenarios with a BS to UE minimum coupling loss equal to 53 dB.
Local Area Base Stations are characterised by requirements derived from Pico Cell scenarios with a BS to UE minimum coupling loss equal to 45 dB.
Home Base Stations are characterised by requirements derived from Femto Cell scenarios.
Different RF requirements for different BS classes are appropriate to meet different deployment needs and cost aspects. The similar approach would be feasible also for NR requirement work. It is important to emphasize that the MCL is just a model for parameterization of the expected deployment scenario for the BS class. It is not related to BS characteristics as such.

2.1	MCL

Beamforming and antenna connectors

In NR BS the antenna connectors may not be available any longer. NR BS will consist of antenna arrays so the parameterization based on MCL as used for UTRA/E-UTRA may not be appropriate. For OTA requirements array behavior needs to be captured, while for other requirements the coupling between individual array elements needs to be considered. When MCL parameter was used in co-existence simulations for UTRA/E-UTRA, there was an assumption that deployment scenario is uniform hexagonal grid. This may not be an appropriate assumption for NR any longer. In NR for frequencies > 6 GHz beamforming is needed to compensate additional path loss. On the other hand the beamforming gain may be different for different requirements, and it also depends on beam configurations and implementation.

AAS approach

Discussion on metrics for BS requirements for NR are initially discussed in RAN4. The general view is that for issues that overlap with the AAS WI, the NR SI should re-use concepts developed for AAS as much as possible. Methods for measuring e.g. total unwanted emissions and radiated power for BS are under discussion in more detail as part of the eAAS WI.

AAS BS is classified according to same deployment scenarios as for non-AAS BS. One of the key parameters that characterize each of the deployment scenarios is the MCL between BS and UE, which includes the path loss and the antenna gains of both UE and BS. MCL loss for AAS BS is defined as loss between any TAB connector and the UE.
A simulation campaign was performed with the objective of establishing whether the radiated adjacent channel emissions pattern for an AAS BS aggressor system impacts co-existence KPIs [4]. Co-existence characteristics were studied in a macro scenario with cell specific and user specific beamforming. In addition, an uplink simulation was performed with the objective of establishing blocking levels that are likely to be encountered by an AAS BS victim system.  
MCL was not directly used as assumption in AAS co-existence simulations. Minimum 2D distance between the BS and UE in Macro cell scenario was set to 35 meter with BS antenna height 30 m and UE antenna height 1.5 m. This refers to a 70dB Minimum Coupling Loss (MCL) in the worst case where the BS antenna gain (both array gain and element gain) and UE antenna gain is assumed to be zero. This is also aligned with the parameters suggested in section 4.1.1.2 in TR 25.942 [5]. The calculated free space path loss is about 67dB based on 35 meter minimum 2D distance separation. The MCL would be around 70dB if 2dB cable loss and 1dB body loss is considered. Considering that the cable loss for AAS BS would be smaller than 2dB, the simulation results would imply a little bit tighter requirements. Nevertheless, MCL is a statistical parameter in nature and the minimum BS to UE distance separation calculated deterministically using the free space path loss model doesn’t mandate the minimum BS to UE distance separation as a deployment condition for AAS BS.

RAN4 NR co-existence study for WP5D

Contribution [6] summarizes simulation assumptions of Co-existence study for WP5D. In that work RAN4 adopted the minimum distance between the BS and UE (2D). Distance definitions are shown in Figures 1 and 2. Minimum distances are defined for different scenarios as in table 1.
Table 1: Simulation assumptions of Co-existence study for WP5D
	Scenario
	BS&UE min distance (2D)
	BS antenna height
	UE antenna height
	BS&UE min distance (3D) 

	Urban macro
	35 m
	25 m
	Same as 3D-UMa in TR 36.873
	42 m (based on 1.5 m UE ant height)

	Dense urban
	3 m
	10 m
	Same as 3D-UMa in TR 36.873
	9 m (based on 1.5 m UE ant height)

	Indoor
	0 m
	3 m
	1 m
	2 m 



UE antenna height in TR 36.873 is defined as hUT=3(nfl – 1) + 1.5
nfl	= 1 for outdoor UEs
nfl =  uniform(1,Nfl) for indoor UEs where Nfl ~ uniform(4,8)
[bookmark: _Ref363806083][bookmark: _Ref363806159]    
	

	


	Figure 1: Definition of d2D and d3D 
for outdoor UEs
	Figure 2: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UEs. Note that 



UE antenna height is variable parameter in co-existence assumptions. For simplicity it would be more appropriate to choose fixed value as basis for deterministic calculations. Similar approach was taken in AAS work where the UE antenna height is 1.5 m in Macro cell scenario. The same value can be assumed for Dense urban scenario for NR. 1.5 m UE height represent also the worst case scenario for the minimum distance. This would lead to BS to UE minimum distances in 3D as follows:
· Urban macro		42 m
· Dense urban		9 m
· Indoor				2 m

In addition, minimum distances between BSs belonging to different operators are defined for different scenarios in NR co-existence study as follows:
· Dense urban		10 m
· Indoor				3 m

Criteria for defining BS classes
Proposal is to use minimum distance as criteria for BS classification as it is unambiguous and based on practical deployment scenarios. MCL approach is problematic due to OTA behaviour, missing antenna connectors and beamforming impacts. How to define criteria for minimum distance can be discussed further during the SI. Minimum distances as presented in this clause can be taken as a starting point.
Proposal 1: Use the minimum distance as criteria for BS classification. How to define criteria for minimum distance is FFS.

2.2	BS classes
Frequency aspects and deployment scenarios

For UTRA and E-UTRA, the BS classes apply for all frequency bands. NR is envisaged to cover large range of spectrum up to 100 GHz. BS implementation may be different for different part of the spectrum. Design criteria may not be the same for low and high frequencies. On the other hand also deployment scenarios are targeted for the different part of the spectrum. Carrier frequencies to be evaluated in NR SI were agreed as in Table 3.
Table 3: Carrier frequencies for NR studies
	Parameters
	Indoor
	Dense urban
	Rural
	Urban macro

	Carrier frequency
	4, 30 and 70 GHz
	4 and 30 GHz
	4 GHz and 700 MHz
	4 and 30 GHz



It can be seen that frequencies < 6GHz and 30 GHz are assumed for all scenarios except Rural which is targeting for lower frequencies. 70 GHz is assumed only for indoor. RAN1 focus in the previous meetings has been on frequencies below 40 GHz. Prioritization of NR SI was discussed in RAN#73 where the proposal in [8] was approved. The scope of the NR study is not changed but for items listed in the document no dedicated meeting time in the WGs will be allocated until March 2017. However, they will be studied after March 2017. As a consequence, detailed design decisions related to these items are postponed until after March 2017. Waveforms above 40 GHz are listed as one these items so RAN4 work could initially focus on frequencies < 40 GHz.
Based on frequency and deployment aspects different ‘BS types’ may be considered as in Table 4. BS type would indicate the combination of BS class and sub-class like for instance ‘Wide Area BS sub-class 1’. BS class is defined by the minimum UE-BS distance. Sub class is defined by the supported frequency range. 
In example case we have ‘Wide Area BS sub-class 1’. BS can have multi-band operation in the same chassis having a single class, defined by the minimum UE-BS distance.  However, transceivers in the chassis can belong to different sub-classes based on supported frequency range. 

Table 4: BS classes, deployment scenarios and frequency ranges
	BS class
	Deployment scenario
	Frequency range
	Sub class

	Wide Area BS
	Rural, Urban macro
	< 6 GHz
	1

	Wide Area BS
	Urban macro
	6 GHz – 40 GHz
	2

	Medium Range BS
	Dense urban
	< 6 GHz
	1

	Medium Range BS
	Dense urban
	6 GHz – 40 GHz
	2

	Local Area BS
	Indoor
	< 6 GHz
	1

	Local Area BS
	Indoor
	6 GHz – 40 GHz
	2

	Local Area BS
	Indoor
	40 GHz – 100 GHz
	3

	Home BS
	Femto cell
	< 6 GHz
	1

	Home BS
	Femto cell
	6 GHz – 40 GHz
	2

	Home BS
	Femto cell
	40 GHz – 100 GHz
	3



Dividing the spectrum range into 3 parts would lead to 10 different BS types based on scenarios in table 3. In initial phase NR study could focus on three BS types as shown in table 5. This is to limit the amount of work, but on the other hand it allows covering a variety of scenarios and frequency ranges taking into account the prioritization aspects for the spectrum in [8]. As the initial focus of NR is on lower frequencies proposal is start with BS classes intended for spectrum < 40 GHz. More types can be introduced later based on deployment needs, in line with table 4 approach. 

Table 5: Initial BS types for NR deployment
	BS class
	Deployment scenario
	Frequency range
	Sub class

	Wide Area BS
	Rural, Urban macro
	< 6 GHz
	1

	Medium Range BS
	Dense urban
	6 GHz – 40 GHz
	2

	Local Area BS
	Indoor
	6 GHz – 40 GHz
	2



It is proposed to follow similar naming convention for BS classes as used in UTRA and E-UTRA. By doing that it’s easier to obtain intended deployment scenario and site location. Sub class will provide further information on intended spectrum range. How many frequency ranges are needed to cover whole spectrum up to 100 GHz could also be discussed further.

Proposal 2: Phased approach to be adopted for introducing BS types. Initially introduce three BS types as in table 5. 
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3	Conclusions
Based on findings in this contribution we have following proposals.

Proposal 1: Use the minimum distance as criteria for BS classification. How to define criteria for minimum distance is FFS.
Proposal 2: Phased approach to be adopted for introducing BS types. Initially introduce three BS types as in following table. 
Initial BS types for NR deployment
	BS class
	Deployment scenario
	Frequency range
	Sub class

	Wide Area BS
	Rural, Urban macro
	< 6 GHz
	1

	Medium Range BS
	Dense urban
	6 GHz – 40 GHz
	2

	Local Area BS
	Indoor
	6 GHz – 40 GHz
	2
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