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1 Introduction

During recent meetings, the minimum sensitivity requirement for mm wave has been discussed. In [1-2], the possibility of setting a minimum requirement for sensitivity (assuming a minimum array size) has been considered.
This paper presents some considerations on minimum sensitivity and how calculation of a requirement should be approached.
2 Discussion

For below 6GHz, it is likely that two sensitivity values will be defined. So-called OTA reference sensitivity is related to the conducted sensitivity and an estimate of the gain due to antenna modules coupled to individual receivers. In addition to OTA reference sensitivity, a minimum sensitivity is defined (the OTA sensitivity definition was first standardized in the release 13 AAS specification). The minimum sensitivity is declared, and is applied over a declared OSDD.

At least the receiver blocking requirement, and potentially other receiver requirements will be related to both sensitivity levels for below 6GHz.

For mm wave, it is not yet clear whether or not two sensitivity levels would be needed. This contribution considers “minimum sensitivity” only (i.e. sensitivity after all types of combining) and leaves open the question of whether a concept similar to the OTA reference sensitivity for below 6GHz (sensitivity based on the antenna module gain, not combined gain) is necessary.

Since the minimum sensitivity relates to sensitivity after combining, it is not as yet completely clear whether the minimum sensitivity level should be used to set the wanted signal level for the receiver requirements. Using the minimum sensitivity level to set the wanted signal and the wanted signal to blocking ratio determined for the blocking requirement could lead to the blocking level being underdimensioned for digital beamforming systems.
Observation 1: The minimum sensitivity level may not be suitable as a reference for the wanted signal for the blocking (and other receiver) requirements.

Another motivation for setting a minimum requirement for sensitivity is related to co-existence. If a BS on one channel has poor sensitivity, it will use power control to increase the UE transmit power levels, which will increase the impact of ACLR and ACS to an operator on a neighbor frequency. Co-existence between different heterogeneous network deployments on different channels was studied and used as a basis for setting sensitivity requirements for medium range and local area BS for E-UTRA & UTRA. In principle, co-existence could also be a motivating factor for setting the wide area sensitivity.
Considering the impact of beamforming and pathloss, co-existence is not likely to require extremely low sensitivity levels.

Apart from co-existence, another motivation for setting a minimum sensitivity requirement is to set a minimum expectation for the UL in-channel performance of a mm wave BS. This is a basic motivation behind the suggestion to assume a minimum array size.
Sensitivity is seen as a key parameter of BS performance and is likely to be discussed on a bilateral basis between an operator procuring network equipment and BS vendors. Thus, although useful, it is not of primary importance to regulate sensitivity from a performance point of view in 3GPP. On the other hand, setting some kind of minimum expectation for performance is reasonable.

MM wave based cellular technology is a very new paradigm for mobile operators and network vendors alike and it is likely that an understanding of the performance of the technologies, deployment environments and good design trade-offs for equipment will evolve as deployments take place. Although an array size has (out of necessity) been assumed for co-existence simulations, it is not yet clear that the size is appropriate for all types of deployment scenario, or that the cell sizes etc. will be the same in all situations. Setting a minimum requirement based on the co-existence simulation assumptions would relate to a best guess that would heavily impact the size, cost and potentially viability of the technology into the future. To mitigate the risk of constraining implementations in the wrong way, we think that several possibilities for antenna size should be considered.

Observation 2: A granularity of more than 1 antenna size per BS class is needed to mitigate the risk of dimensioning the system incorrectly.

There then arises the question as to whether several antenna sizes/types should be standardized (each with an associated sensitivity) or rather a declaration of sensitivity between these antenna sizes/types should be made (i.e. not a completely free declaration, but a declaration with a certain range considering different antenna sizes).

There is also a need to consider factors that will impact the sensitivity performance. A number of these have already been considered when deriving an assumption for the Noise Figure (NF) for the receivers. However, additional factors exist and should be examined carefully. These include:
· Impact of any needed calibration between receive antennas or RX-TX
· More realistic assumptions on the array design 

· The assumptions on the array used for the co-existence simulations are very idealistic

· Impact of factors such as grating lobes, scan loss etc

· Matching etc. losses to the antenna array

· Losses arising from mechanical constraints in antenna fabrication & positioning

· Impact of variation in sensitivity for a fixed beamforming / grid of beams type of implementation

· Baseband algorithm implementation margins

· Any additional filtering needed once OOB blocking etc. is known
Observation 3: It is important to consider carefully all factors that will impact sensitivity when setting a minimum requirement
3 Conclusion

The following observations are made in respect to the minimum sensitivity requirement:

Observation 1: The minimum sensitivity level may not be suitable as a reference for the wanted signal for the blocking (and other receiver) requirements.

Observation 2: A granularity of more than 1 antenna size per BS class is needed to mitigate the risk of dimensioning the system incorrectly.

Observation 3: It is important to consider carefully all factors that will impact sensitivity when setting a minimum requirement
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