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1 Introduction

The topic of BS output power requirements for range 2 has been touched upon in recent meetings, although as yet conclusions have not been made. This document captures some of the argumentation so far and summarizes further work that is needed to conclude on the output power requirements.
2 EIRP accuracy
Some contributions have considered EIRP accuracy from the point of view of estimating the level of accuracy that is achievable for implementations at mm wave frequencies. Simple statistical models (mainly root square sum) have been proposed considering the “implementation centric” approach discussed earlier for AAS EIRP accuracy.

Consideration of what is achievable is of course highly important although it should not be the only driver for the mm wave requirement. It is very likely that estimations made using simple analysis at this stage could potentially have a high variation, due to the simplicity of the estimation and the variation between different estimations.

Furthermore, modelling the total accuracy based on a root square sum of components is likely to be inaccurate to the point of not giving useful information. The approach assumes that the components are statistically independent, which is not likely to be the case.

Any such implementations can be used as rough guides, but should not drive the requirement.

Observation 1: “Implementation centric” approaches based on root square summation will be highly inaccurate and should at best only be used as a very rough ball part estimation of what is achievable

Another approach that was used for setting the EIRP accuracy for AAS was to estimate from a performance perspective what level of EIRP accuracy is useful to provide a predictable network performance. This approach is independent of implementation capabilities and is based on radio system simulation.

This approach is also useful, but it’s limitations should be borne in mind. The deployment scenarios for mm wave are not as yet fully understood, and so what exactly is needed for network predictability is hard to predict.

Observation 2: “Network performance centric” approaches similar to that of AAS are also useful and important, but will have limitations
In the end, the accuracy requirement needs to be implementable and as far as possible useful to the network. It would be useful to know which approach drives the needed accuracy. The accuracy should be no greater than that needed for predictable network performance, even if greater accuracy can be achieved (since the requirement is a minimum requirement). On the other hand, a requirement should not be set if it would be unachievable, even if it would appear to be needed for network performance.
Another issue raised in the last meeting is that for range 2, in order to achieve link budget pretty narrow beamwidths are likely to be used. With narrow beamwidths, the impact of a slight beam pointing error can be magnified and apparently lead to a large EIRP inaccuracy. However in the implementation, it may be that the beam pointing error is corrected by closed loop means (e.g. UL DoA estimation etc.).
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This is an important issue to consider further. One approach to dealing with the issue could be to allow for a much wider range for the EIRP accuracy. However, a wide EIRP accuracy range would make the requirement almost useless. Other alternatives exist, such as, for example:

· In addition to a tolerance range for power in dBm, a tolerance range for beam pointing direction can be included.

· The conformance test description should allow for any closed loop means of correcting the beam pointing direction to be operated. This might involve uplink transmissions (in uplink subframes) or even operation of the L1 protocol.

Other approaches may also exist.

3 BS class dependent TRP limits and sensitivity
For range 1, the transmitter power of the local area and medium range BS is limited. One of the main drivers for limiting the TX power is the potential for inter-layer interference in heterogeneous deployments. If the TX power for small nodes is too large, then on adjacent frequencies with larger cells, the DL performance may be impacted due to UE ACS.
For range 2, co-existence simulations have demonstrated that ACIR can be much lower than for range 1 due to the beamforming and increased pathlosses. Although simulations for heterogeneous operation have not been presented for mm wave, the ACIR results suggest that for the same reasons (beamforming and pathloss), interference between different network layers is likely to be much lower for mm wave than for range 1. It may be that the simulations indicate that in fact quite large power levels could be allowed also for smaller nodes. In this case, RAN4 may need to consider further whether there is a need in the specifications for formal limits to BS transmit power, and if so on what criteria the limits should be based. 

Observation 1: It may be that co-existence does not lead to the need for BS class based TRP limits for range 2.

Of course, further work is needed before concluding whether co-existence would be a driver or not.
The sensitivity for small nodes can be relaxed compared to large nodes, since they are not deployed in coverage limited scenarios. However if the sensitivity is relaxed too far, then the transmit power from associated UEs needs to be increased. Increased transmit power from UEs close to small nodes might reduce UL performance for wider area deployments on adjacent frequencies. Thus, minimum sensitivity levels should be set such that UL performance is not impacted.
For range 2, also in the UL the ACIR can be much lower than range 1 due to pathloss and beamforming. Again, it can be speculated that the potential for inter-layer/frequency interference for heterogeneous networks is much lower in range 2, and thus the limits on sensitivity may not apply in the same manner. This should be taken into account when considering sensitivity for smaller nodes.

In addition to the above considerations, the usefulness of considering heterogenous deployments for mm wave should be further considered.
4 Conclusion

This paper has presented some top-level considerations for BS output power for range 2. The following conclusions are drawn:

· For EIRP accuracy, both estimations of technology limitation and network performance impacts are needed. Figures for both should be treated for caution as they are likely to be very rough guesses at best.

· For EIRP accuracy, potential modifications of the requirement to take into account the likely much smaller beamwidths for range 2 should be further considered.

· For TRP power limitations, further study is needed, but it may be the case that inter-layer coexistence does not really drive the need for power limitations. If that is true, further consideration would be needed as to what should drive power limitations.

· Also RX sensitivity for smaller BS classes may not be driven by heterogeneous network inter-layer interference considerations to the same extent as for range 1.
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