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1 Introduction
In RAN4#80bis the WF [1] was approved, there are a number of open issues regarding the BS classes. 
On the upper power limit for each class:

· BS classification related power limit 
· Investigate further the options for setting the max power limit for the BS class 
· TRP only
· EIRP (in the main beam) only
· Both TRP and EIRP (in the main beam) 
And on the definition of the BS class:
· Too early to conclude on BS classes
· As the requirements for the NR become more clear, identify where requirement applicability and values differ and then discuss whether the differences should be captured by means of defining further BS classes, or by some other means
· Further discussion is needed on whether to capture 
· simulation parameter (like MCL today) for each BS class in the TS as means of describing deployment scenarios
· Minimum distance from BE to UE could be one option
· simulation assumptions behind the BS class dependent requirements by some other means
· parameters based on EIRP considering the cell sizes
· whether to define different BS classes for below 6GHz or above 6GHz or both is FFS 
This contribution further investigates these open issues.

Note the trem TRP is used in this paper as we have yet to agree an alternative term, this is discussed in [3].

2 Discussion

2.1 Power limit

On the subject of the output power limit for the BS classes.
Currently the maximum power exists for Medium, local and home BS classes, there is no upper limit on the wide area class. There is also no lower limit on any of the classes a low power BS (<20dBm) could (if desired by the vendor) be declared as home, local, medium or wide area.

In 36.104 the requirements are as follows:

Table 6.2-1: Base Station rated output power
	BS class
	Prated,c

	Wide Area BS
	· (note)


	Medium Range BS
	<  + 38 dBm

	Local Area BS
	<  + 24 dBm

	Home BS
	<  + 20 dBm (for one transmit antenna port)

<  + 17 dBm (for two transmit antenna ports)

<  + 14dBm (for four transmit antenna ports) 

<  + 11dBm (for eight transmit antenna ports)

	NOTE:
There is no upper limit for the rated output power of the Wide Area Base Station.


This requirement is per antenna connector, as in non-AAS most requirements apply per transceiver. It can be seen that for Home BS class this general statement that the non-AAS specs apply to a single TRX only is compromised as the requirement changes depending on the number of transmit antenna ports. 

note based on work done on AAS, antenna ports are RAN1 functional entities and are not the same thing as RAN4 antenna connectors there may be many more antenna ports defined than antenna connectors are available. However in this case it is likely the intended meaning is antenna connectors.

Medium range and Local area BS classes are limited per antenna connector.  For the AAS requirements as the requirement is written for the whole system i.e. the equivalent of all antenna connectors in a non-AAS, then this value was scaled in the same way the unwanted emissions values are scaled as discussed in [2]. The AAS power limits are hence:

Table 6.2.2.1-1: AAS Base Station rated output power limits for BS classes

	AAS BS class
	PRated,c,sys
	PRated,c,TABC

	Wide Area BS
	(Note)
	(Note)

	Medium Range BS
	≤ 38 dBm +10log(NTXU,counted)
	≤ 38dBm

	Local Area BS
	≤ 24 dBm +10log(NTXU,counted)
	≤ 24dBm

	NOTE:
There is no upper limit for the PRated,c,sys or PRated,c,TABC of the Wide Area Base Station.


Where 

NTXU, counted = min(NTXU,active , 8×Ncells) for E-UTRA single RAT AAS BS and MSR AAS BS (except UTRA only MSR AAS BS)
And

NTXU, active
The number of active transmitter units. 

Where the following definition of an active transmitter exists.

active transmitter unit: transmitter unit which is ON, and has the ability to send modulated data streams that are parallel and distinct to those sent from other transmitter units to one or more TAB connectors at the transceiver array boundary
In AAS the output power considered for the maximum power limit is conducted power, hence this is directly equivalent to Total Radiated Power.

For UTRA and E-UTRA this makes sense as the smaller BS classes are intended to have limited coverage. As in UTRA and E-UTRA it is necessary to have broadcast cell level signals which cannot take advantage of any additional beam forming gain (the cell level signals must cover the whole cell) then the coverage is proportional to the total output power. 
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Figure 1. Example of coverage vs. beam width (on all time cell level signals)

Figure 1 crudely shows that increasing antenna gain (and hence EIRP) increases coverage in terms of distance from the BS but reduces coverage in the azimuth angular range. This is not 1:1 and there are of course other parameters (antenna height, elevation beam width etc) but TRP still gives a better indication of coverage than EIRP.
For NR the nature of the cell level signaling is not clear and of course may vary between <6GHz and mm wave systems?

For the mm wave systems the path loss is such that it may be necessary to beam form cell level signals as well as user level signals. If this is the case then if for example the beam formed cell level signals are switched in time, then the coverage area may dependent on EIRP rather than TRP.
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Figure 2. Example of coverage vs. beam width (time switched cell level signals)

Figure 2, shows how if the beams are switched then it is the EIRP which controls the coverage area.

Of course whilst the higher EIRP with the ability to have time switched (for example) cell level signals provides the ability to enhance the coverage are of the BS (for the same fixed power level). It does not necessarily make the interference level of the BS any greater. In the co-existence simulations done for wide area the impact on co-channel and adjacent channel networks has been dependent on total power rather than EIRP. The random nature of the wanted UE (and hence the beam pointing direction) and the victim UE means that the interference ‘averages’ out and it’s the total power which impacts the interference.

However the findings on TRP and EIRP were made for the wide area networks whereas the upper power limits only apply to medium range and local area networks. For AAS work no additional simulations were done for medium range and local area networks, the delta’s between the wide area and the lower power BS classes were just kept constant. Hence it is not known if the relationship between interference and TRP (rather than EIRP) holds for the lower BS classes particularly if cell signal beam forming is carried out. 
One disadvantage with using an EIRP upper limit on output power (for a particular class) is that it limits the benefit of the beam forming. If it is not possible to increase the EIRP in any specific direction (due to a max EIRP limit) then the SNR at the UE cannot be improved by your own beam forming. There is still gain to UE’s attached to other BS (or on alternative beams to your own BS) as the interference is reduced, but specifically for the lower power (medium range and local area) BS, where they are operating in Hetnet environments the small cells may not form continuous coverage – so even these gains may not be great. An EIRP therefore may limit the usefulness of beam forming so perhaps should be avoided.

Whilst it is possible that further work on investigating interference with an EIRP limit in medium range and local area networks may provide more evidence. It seems likely that a TRP limit is:

· In line with existing AAS and non-AAS power limits

· The correct metric when considering interference (for wide area at least)

· Does not limit the effectiveness of beam forming

So it would seem a TRP max power limit is the most likely.

It can also be noted that the maximum limit is a requirement but it is note tested, it acts as a upper limit for the declaration which is made by the vendor. Hence EIRP or TRP makes no difference on the measurement difficulty

It can also be noted that currently ACLR requirements have been agreed as a ratio between 2 TRP values, one of them being the in band power. As this parameter is measure anyway, having a requirement on it does not add to the measurement difficulty.

Lastly, EIRP safety limits may exist for certain deployments, these are separate and in addition to the limits based on class.

2.2 Definition of BS class

The current BS class definitions in the non-AAS specifications are in some ways meaningless, for example

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.
This is not a requirement and also sets no limits on the allowable use cases of the BS. The information it provides is also somewhat vague as the minimum coupling loss between the BS and UE is not defined in any robust way. 

For example in 36.942 [4] the following is defined:

Table 4.4: Minimum Coupling Losses

	Environment
	Scenario
	MCL

	Macro cell Urban Area
	BS ( UE
	70 dB

	Macro cell Rural Area
	BS ( UE
	80 dB


So in fact we have defined 2 scenarios which have different MCL only one of which is 70dB.

Also it states in [4] that the MCL values are adopted from [5] and [6]. In [5] the term is used throughout the document in a number of different ways, however the statement
Minimum Coupling Loss (MCL) is defined as the minimum distance loss including antenna gain measured between antenna connectors; the following values are assumed for MCL:

Is made in sub-clause 5.1.4.1, so it can be assumed the MCL is intended to include the antenna gain of both the BS and the UE.

However in the same document some scenarios are defined using minimum distance rather than MCL are defined, so it is not used universally.

Clearly if the requirement is OTA then it is difficult to claim the same 70dB MCL value applies to the system, in AAS work MCL was not used at all in the scenarios simulated but minimum distance. However the same ‘Macro Cell scenarios’ were used to derive the requirements as were used in the non-AAS specifications.
In this case the 70dB MCL is really just used as a pointer to the macro cell scenarios which are used  and documented in the various TR documents [4]

 REF _Ref465693114 \r \h 
[5]

 REF _Ref465693117 \r \h 
[6] from which the requirements were derived. Quite rightly these scenarios vary (e.g. Urban and rural) as requirements are developed to fit multiple scenarios, hence to list all of them would be unwieldy.

A simple solution would rather than use the 7-dB MCL to reference the scenarios just reference the TR documents when the scenarios are defined.

For example:
Wide Area Base Stations are characterised by requirements derived from Macro Cell scenarios defined in TR 36.942. 
This solution is simple and provides as much information as previous statement which included the MCL value.
3 Summary

This paper has discussed the issues surrounding the BS classification, both the upper power limit for the BS classes and also the definition of the BS classes used in the core specification.
It has found that a TRP upper power limit for BS class is:

· In line with existing AAS and non-AAS power limits

· The correct metric when considering interference (for wide area at least)

· Does not limit the effectiveness of beam forming

Furthermore as the TRP on channel power is measured as part of the ALCR requirement using TRP offers no additional measurement overhead.

On the definition of the BS classes captured in the core spec, the existing classification of 70dB MCL (or macro), is clearly not correct for an OTA system as it defined as between BS and UE antenna connectors. However based on the information which is provided by the definition it seems the MCL is used as a pointer to the scenarios which are further described in the technical reports. A simple more thorough method of indicating these scenarios would be just to reference the appropriate Technical report.

For example:

Wide Area Base Stations are characterised by requirements derived from Macro Cell scenarios defined in TR 36.942. 
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