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1 Introduction

During RAN4#80bis, further discussion was held on BS classification and some notes captured in the WF on BS issues [1].
This paper provides some further views on BS classes; in particular on description of the deployment scenario and on the transmit power limit.
2 Parameters for describing the deployment scenario
Currently the deployment scenarios that the different BS classes are related two are summarized in the specifications by a single parameter, MCL. During the discussions at RAN4#80bis, minimum distance was discussed as an alternative to MCL. A further question is whether a single parameter alone such as minimum distance is sufficient for describing the deployment scenarios in the specifications.
MCL is a difficult parameter to interpret in the context of basestations with advanced beamforming arrays. The coupling loss between UEs and BS receivers may vary significantly depending on the size of the antenna array and the beamforming architecture. Furthermore, for some requirements (such as sensitivity), the coupling considering all forms of combining is relevant, whereas for others (such as blocking), the coupling including only analogue beamforming is appropriate.

Conceivably, a parameter similar to MCL could be devised containing only a pathloss component and excluding antenna effects. However the dependency of pathloss on frequency needs to be taken into account. Figure 1 indicates a range of minimum distances that would correspond to an MCL of 70dB considering free space pathloss only. Clearly, the MCL would imply quite different cell sizes and deployment scenarios at different frequencies.

[image: image1.emf]1

1
0

100

0.1

1

10

100

Frequency (GHz)

Distance of 70dB MCL according to FSPL (m)


Figure 1: Distance corresponding to a coupling loss of 70dB according to FSPL
The same observation holds for below 6GHz; the current use of MCL to describe deployment scenarios leads to quite a wide variation of cell sizes if the range from sub 10 to >100m to 6GHz is considered.

As a basic parameter for describing the deployment scenario, minimum distance is more appropriate and would make sense to adopt for describing the deployment scenarios corresponding to BS classes for both below 6GHz and above 6GHz.

Apart from minimum distance, a couple of other potential characteristics of a deployment may need further thought for mm wave. Firstly whether the deployment is expected to incorporate LOS or NLOS. NLOS scenarios could imply for example different blocking scenarios to LOS. Similarly, planned BS height (below the rooftop, above the rooftop) may affect requirements; in particular blocking and should be considered further.
Proposal 1: Adopt minimum distance as a parameter for describing expected deployments for the BS classes, both for below and above 6GHz. Study further whether more parameters are required.
3 TX power limit
The conducted transmit power limits for the medium range and local area BS classes are set at 38 dBm and 24 dBm. For arrays performing beamforming, it is worthwhile to consider whether beamforming effects should impact the transmit power limit. Furthermore, it is worthwhile to consider whether when OTA requirements are defined, the BS power limit should be based on EIRP or (approximated) TRP.

To answer this question, it is worthwhile to consider the rationale behind setting TX power limits for the medium range and local area BS classes. Since TX power relates to coverage and the ability of the cells to capture traffic, then (apart from regulatory and safety limits) it is not immediately apparent why TX power should be limited. 

The reason for limiting the TX power is to limit interference within heterogeneous networks. The power limit for the medium range class considers the impact of a layer of micro basestations on outage in macro networks. The TX power for the micro networks is set such that it is as high as possible without increasing macro outage. Similarly, for pico BS, the co-existence between a pico layer and micro layer was studied and a TX power limit established that enables pico BS to transmit as much power as is possible without causing outage in a micro layer.

During co-existence studies, it has been established that for ACLR at the basestation, the spatial directions of unwanted emissions does not impact co-existence metrics but the total radiated power does. The reason for this is that victim UEs are distributed uniformally around basestations and during monte-carlo simulations, with different victim UEs scheduled and different beamforming directions from the basestation, the average impact on victim throughput becomes the average of power around the aggressor basestation [2].

In-channel power in the aggressor network impacts UEs due to their adjacent channel selectivity. The same mechanism as ACLR will occur in Monte Carlo simulations and lead to the same effect; that from a co-existence point of view it is the average radiated power over the sphere that impacts the other network layers and not the spatial pattern of the radiation. Thus, for regulating interference between micro and macro layers, or between pico and micro layers, the power limitations for BS classes should be expressed as (approximated) total radiated power.
Proposal 2: In order to regulate co-existence in heterogeneous networks, (approximated) TRP should be used for the power limit of medium range and local area BS classes.

A means for measuring TRP with low complexity by sampling around the main lobe is under discussion in the eAAS WI. 

It is not obvious that setting a BS power limit on TRP requires measurement of TRP. In any case, it is worthwhile to note that since (as agreed in the eAAS and NR WF [3], [1]) ACLR will be measured using approximated TRP, the TRP on the wanted carrier is anyhow measured and thus measuring TRP for checking the BS limit carries no additional cost.
The question could still be asked whether an EIRP limit should also be introduced for different BS classes. EIRP differs in different beam pointing directions, and thus there would be some complexity as to how the limit would be defined. (The complexity would not be insurmountable though).
EIRP corresponds to coverage and it would not make sense to set an upper limit on the coverage of a basestation. However if a minimum distance would be an aspect relating to the expected deployment of BS classes, then a lower limit on EIRP could make more sense.

Proposal 3: Discuss further wither an EIRP limit is needed. If an EIRP limit is desired, it should probably be a lower limit on EIRP per BS class rather than an upper limit.

Of course, regulatory considerations would set an upper EIRP limit, and such considerations might be incorporated into the specification to provide an EIRP range.

It is far from obvious that such a lower limit would make sense; in particular considered that the EIRP required to reach a particular minimum distance would depend on frequency and thus the EIRP limit might need to depend on frequency.

Setting a lower limit for EIRP and a TRP limit would in effect specify a minimum amount of beamforming/directivity for the class.
4 Conclusion

This paper has considered some aspects of BS classes. At least a minimum distance per class makes sense as a parameter for describing the deployment scenario in which the BS of the class are expected to be deployed. LOS/NLOS and above/below the rooftop might also be needed for mm wave.

For the power limit, to properly regulate interference in heterogeneous layers the limit should be based on TRP. An EIRP limit in addition could make sense but should be studied further. A lower limit or a range would be appropriate for EIRP.

Proposal 1: Adopt minimum distance as a parameter for describing expected deployments for the BS classes, both for below and above 6GHz. Study further whether more parameters are required.
Proposal 2: In order to regulate co-existence in heterogeneous networks, (approximated) TRP should be used for the power limit of medium range and local area BS classes.

Proposal 3: Discuss further wither an EIRP limit is needed. If an EIRP limit is desired, it should probably be a lower limit on EIRP per BS class rather than an upper limit.
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