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1 Introduction
RAN4 has started the NR study. One important topic is the NR BS classes and some observations were given in [1]. In this contribution we share our considerations on this topic.
2 Discussion
Before we consider NR, we can step back and take a look at LTE and UMTS. In the specifications, i.e. TS 36.104 and 25.104, different Base Station classes, i.e. Wide Area Base Stations, Medium Range Base Stations, Local Area Base Stations and Home Base Stations are defined. The definitions are 
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. The Wide Area Base Station class has the same requirements as the base station for General Purpose application in Release 8.

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.

Accordingly, different RF requirements are defined based on the BS classes. More specifically, 

· For transmitter, requirements including output power, frequency error and unwanted emissions vary with BS classes. 
· For receiver, requirements including reference sensitivity, blocking and other requirements that depend on reference sensitivity vary with BS classes. 
In addition, some coexistence/co-location requirements differ for different BS classes. 
The reasons for defining different BS classes and their corresponding RF requirements are straightforward and natural. There are various deployment scenarios where cellular networks need to cater to different demands such as cell coverage, the number of users, the users’ expected data rates and mobility patterns. For instance, wide area deployment would expect to support more users and support higher mobility than local area deployment. As a result, different RF requirement would be appropriate to meet different deployment needs and costs of deployments. For instance, BS output power and reference sensitivity clearly depends on the cell coverage and would be different for wide area and local area deployment. 
Next, we discuss several aspects related to NR BS classes.

BS classes

It can be seen clearly that the above-mentioned reasons for having different BS classes for LTE and UMTS still hold for NR, and even more so. NR is expected to support eMBB, mMTC and URLLC. If LTE is mainly developed for MBB, NR is expected to support mMTC and URLLC that are going to have significantly different requirements than MBB. Furthermore, NR is expected to be deployed over a large range of frequencies, i.e. from 700MHz to up to 100GHz. Such diverse deployment scenarios will no double have different requirements and demand tailored implementation.  

Observation 1: Multiple Base Station classes needs to be defined for NR.
Criterion for classification
For LTE and UMTS, the BS classification is based on minimum coupling loss (MCL), which is defined as the coupling loss between a BS antenna connector and a UE antenna connector. In other words, the antenna gain of both the BS and the UE is considered already. Obviously MCL can fairly characterize the deployment scenario because it is a function of cell coverage. 

For NR, it is felt that a single parameter like MCL may not be most appropriate any more for several reasons: 
· First, for frequency above 6G, beamforming at both the BS and likely at the UE as well is required to compensate the additional pathloss as compared to frequency below 6G. While such beamforming gain can still be treated in a similar way as for the traditional “antenna gain” in theory, it is difficult in practice because the BS beamforming gain depends on beam configuration and may vary quite a bit for different implementations and target data rates for different UEs. In addition, the UE beamforming capability may likely depend on UE category, unlike the traditional UEs for which omni-directional antenna with 0dBi is assumed.

· Second, when considering defining requirement, different antenna or beamforming gain may be used. For example, BS receiver sensitivity may consider the beamforming gain, while blocking requirement may more sensitive to the gain of each antenna element since the blocker is not likely to enjoy the same beamforming gain as the wanted signal. 
· Third, it is expected that the TRXUs and antennas are tightly integrated for high frequency. As such, the antenna connectors may not be available or accessible any more, which would render the MCL concept virtually impractical if still defined at antenna connectors.

· Last, due to the large span in frequency, the BS implementation is likely to be different. For low frequency, it is not possible to pack many antennas into a BS. And due to the better channel propagation characteristics, there may not be such a need in the first place. This may suggest we may have to use different criteria for low and high frequencies. 
Observation 2: MCL may not be an appropriate criterion for NR BS classification, especially for frequency above 6GHz.
Then what could be the alternative to MCL for NR BS? Before we propose any alternative, we believe it would be useful to discuss what properties a good alternative should possess. First and foremost, it should be able to represent the deployment scenarios such as urban macro, dense urban, or indoor hotspot. This would suggest that the ability of provide the target coverage for each scenario is key and needs to be reflected in the alternative. Therefore, the alternative needs to represent some sort of BS (and UE) beamforming capability. Second, meeting coverage requirements means both DL and UL coverage. This would mean the alternative needs to represent or imply both DL and UL coverage performance. The third point, which is a bit unclear at this moment, is how much UE beamforming capability should be assumed. As we know, there are several UE categories specified for LTE to accommodate different UE capabilities and market differentiations. If the same holds true to NR, then we should not assume that a BS can rely on UE beamforming capability to help lower its own beamforming capability due to the low-end NR UEs not be able to provide much beamforming. On the other end, if we assume UE beamforming capability must be in place with BS beamforming to meet the coverage requirements, then an alternative that captures the BS capability alone may not be proper. Lastly, we also need to consider the large span of frequencies for above 6GHz, which may pose additional challenges for picking a single alternative.
How to introduce BS classes
Given that initial NR deployment will be focused on few scenarios such as urban macro or hotspot, it seems reasonable to introduce two NB classes at the start, i.e. macro and local area. In the future, additional BS classes can be added if such needs arise. Note this is also the approached adopted in the development of LTE specification.
3 Conclusion
In this contribution we focus the discussions on several issues including the need of BS classes, the criterion based on which the classification can be done, and a phased approach to introduce BS classes. In particular, we make observations and proposals as follows.
Observation 1: Multiple Base Station classes needs to be defined for NR.
Observation 2: MCL may not be an appropriate criterion for NR BS classification, especially for frequency above 6GHz.

Proposal 1: It is FFS how to pick a good alternative to MCL for BS classification, if such an alternative is indeed needed. 

Proposal 2: A phased approach can be adopted to introduce BS classes. The initial focus is on macro and local area BS classes.  
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