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1 Introduction

During RAN4#84bis, the OTA sensitivity requirement for FR2 was discussed and a WF was agreed [1]. The sensitivity requirement is discussed in terms of a so-called “noise factor” and “array gain”, with the sensitivity being then equal to:
OTA sensitivity = -174 + 10log(bandwidth) + NF – “array gain”
The WF identified a number of issues for further discussion and agreed that the array gain part should be no less than 16dBi.

This paper considers the aim of the requirement, the relation to link budget and OTA performance and provides a proposal for how to decide the OTA sensitivity requirement. Companion papers [2-3] provide some deeper insight into some of the issues relating to antenna array performance.
2 Discussion
Consideration of the OTA sensitivity requirement is provided in this document in several stages; the purpose of the requirement is considered, the impact of the requirement on OTA performance and link budget, consideration on the antenna array size to assume for deriving the requirement and loss factors which need to be taken into account, leading to a proposal for how to formulate the requirement and what values may be assumed.

2.1 Purpose of the requirement

In previous specifications, the so-called “reference sensitivity” requirement fulfilled two purposes. One purpose was to act as an absolute level for basing other receiver requirements on (such as blocking etc.). The other was as a minimum expected radio receiver performance level. The need for a minimum receiver performance level can be linked with co-existence between systems, since low performance may be overcome by increasing UE transmit power and hence inter-system interference.

It is not yet clear how other receiver requirements will be derived for FR2, although clearly there will be some level of relationship between wanted signal levels and sensitivity. [4] proposes that it may in fact be feasible to link the other requirements and sensitivity directly.

For determining radio performance, care must be taken that the requirement is set in a manner that will enable co-existence to work well and also provide good basic performance, whilst not preventing differentiation of BS performance between different operator needs and vendor’s products according to considerations such as deployment scenario, cost etc.
Observation 1: The OTA sensitivity requirement needs to at least be good enough to ensure co-existence, and to enable differentiation of solutions depending on deployment considerations.

Observation 2: Discussion is needed as to whether the OTA sensitivity is also used for deriving wanted signal levels for other receiver requirements.
2.2 Formulation of the requirement

Proposals thus far have been focused upon the idea of setting a minimum sensitivity requirement per BS class. 

Fundamentally, BS classes are in FR1 and legacy specifications related to deployment scenarios. For each deployment scenario, a TX power limit and sensitivity is determined. For FR2, it is interesting to note that on the TX side, it is not obvious that any TX power limit based on deployment scenario is needed. This is due to the fact that the TX power limits for FR1 are based on coexistence considerations within heterogeneous networks. However, for FR2, due to the pathloss differences and beamforming, interference between different networks is much more limited; this is manifested in much lower ACIR levels that were observed during coexistence studies.

In addition, agreements on the unwanted emissions requirements mean that there is no differentiation between BS classes for unwanted emissions limits.

Observation 3: It is not likely that any differentiation between output power limit and unwanted emissions is needed for different classes of BS.
Thus, the only remaining parameter that is differentiated between BS classes is sensitivity of the receiver. As will be discussed in section 2.3, it is far from obvious that the simulation assumptions used for coexistence studies should form the basis of a minimum requirement that will determine the minimum array size that should be built for a whole class of deployment scenarios.

In our view, with the current level of understanding of scenarios and applications of FR2, it is premature to set a single minimum sensitivity requirement at anything other than a very lowest case assumption. However, setting a number of array types per BS class, each with an associated minimum sensitivity is feasible. It is worth to then question why there is any need to link array types with deployment scenarios.
Observation 4: Several array types, with different corresponding sensitivity considerations, should be developed.
A possible most optimum way forward would be to replace the concept of BS class for FR2 with the concept of “array type”. Array type would each be linked with a minimum sensitivity level. However, unlike BS classes, array types would not be linked with deployment scenarios; any array type could be considered to be deployed in any deployment scenario dependent on the scenarios individual needs.

Observation 5: There could be several array types per BS class. However, array types could simply replace BS classes.
2.3 Link budget considerations

It is obvious that any minimum sensitivity requirement must be sufficiently low that it relates to a sensible link budget. During the co-existence simulations, link budgets have been modelled using a channel model based on a specific set of assumptions on cell sizes, indoor/outdoor ratios etc. The model and assumptions are of course not directly representing any real scenario, but are intended more as a statistical picture of average deployment conditions.
A minimum requirement on sensitivity will fundamentally dimension the basestation hardware. Since the dimensioning of the BS hardware directly impacts other key considerations that make the business case for a deployment in FR2, such as cost, size, power consumption etc. it is of high importance that the minimum requirement is not set based on a model of average conditions, but such that in real deployment scenarios, BS hardware can be optimized.
The model used for co-existence simulations has two main components; a direct LOS component and an indirect NLOS component. Figure 1 indicates the achievable LOS vs distance considering array gain of 16, 20 and 24dB. Shadow fading and penetration margin has been ignored in this plot. The plot suggests that in conditions in which LOS towards users may be expected, sensitivity may possibly be traded against other factors whilst still maintain cell sizes of 200m or more.
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Figure 1: Achievable SINR in LOS (no consideration for shadow fading)
Figure 2 depicts the achievable SINR for an NLOS path. This crude analysis suggests that although cell sizes are smaller, for some scenarios where small cell size is tolerable, sensitivity could be traded against other factors.
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Figure 2: Achievable SINR for NLOS (no consideration for blocking)

Of course, a real BS will need to be well designed for the deployment scenarios for which it is envisaged, which may include indoor users, shadow fading etc. The purpose of this illustration is merely to point out that even with an assumed array gain as low as 16dB, some deployment scenarios may achieve reasonable performance.

Observation 6: The needed array gain depends on the specific deployment considerations
2.4 Array size considerations

Since the NF for FR2 has been decided and is close to state of the art, setting a minimum sensitivity will indirectly mandate an array size. As described above, mandating an array size without full understanding of the deployment scenario risks restricting the ability to optimize BS designs to enable the business case for different deployments.

We propose an approach in which three or four array sizes are used to set a minimum sensitivity requirement. These should be known in the specification as “array type 1”, “array type 2” and “array type 3” etc.. Potentially a very small size may also be useful for very close range. The specification itself should not quote array sizes; these are for design considerations; however, the minimum sensitivity requirement should be related with each array size, which will indirectly set the array size.
We propose that the minimum sensitivity requirements be dimensioned with the array size assumptions as follows (assuming element spacing in the ball park of 0.5 lamda):

[Type 4]:

[4*8 per polarization]

Array type 1:

8*8 per polarization

Array type 2:

16*8 per polarization

Array type 3:

16*16 per polarization
The assumptions on array sizes could be used to set minimum sensitivity requirements per BS class. However as there is no other apparent reason to define BS classes (see section 2.1), we propose that array types are used to differentiate requirements instead of BS class.

Proposal 1: Set requirements for 3 or 4 array types
Proposal 2: Make working assumptions on the array size for each type. The assumption on array size is not captured in the final TS, rather the sensitivity requirement
2.5 Loss factor considerations

A number of loss factors have been listed in previous contributions, including factors such as steering loss, baseband algorithm implementation margin etc.
Companion contributions for this meeting discuss some further loss factors. Radome loss should be carefully considered, since a few tenths of a dB of radome loss is likely to have a very large impact on the overall cost of the BS. Radome loss is elaborated in [2].

Losses relating to real array design, such as scan loss, steering loss, mutual coupling impacts etc. also need to be allowed for and are considered in [3].

We propose the following overall budget for losses, which is based on the companion contributions and the loss factors proposed in at RAN4#84bis.

	Loss Factor
	Potential value

	Radome
	0.8-1 dB

	Filtering (if needed for spurious emissions, band specific OOB blocking)
	3-4 dB

	Realistic array aspects (mutual coupling, scan loss etc)
	1-2dB

	Phase error etc.
	1-2dB

	Beam shaping allowance
	1-2dB

	Straddle loss
	0.5-1dB

	Edge of coverage area drop
	1dB


The loss factors do not need to be directly combined, since not all arrays will have the worst-case values. These numbers are intended for guiding loss assumptions
2.6 Proposal

Taking into account the discussion in sections 2.1-2.5, we propose that the following minimum sensitivity requirements are set (assuming 50MHz FRC. SINR is the SINR of the FRC). The discussion on TX spurious emissions is ongoing and will impact whether additional filtering is needed or not. We present here separately assumptions assuming filtering is / is not needed. In the end, only one of these proposals should be adopted for the specification depending on the outcome of the investigation of TX spurious emissions and the need for filtering.
Table 1: Proposed OTA sensitivity (filtering not needed)

	Array type
	OTA sensitivity (per pol)

	[Type 4]
	???

	Type 1
	-104 +SINR dBm

	Type 2
	-107 +SINR dBm

	Type 3
	-110 +SINR dBm


Table 1: Proposed OTA sensitivity (filtering needed)

	Array type
	OTA sensitivity (per pol)

	[Type 4]
	???

	Type 1
	-101 +SINR dBm

	Type 2
	-104 +SINR dBm

	Type 3
	-107 +SINR dBm


SINR is the SINR derived for the FRC.
3 Conclusion

This document has examined the motivations and potential solutions for a minimum sensitivity requirement. Setting a single sensitivity requirement per BS class without more extensive knowledge of the characteristics of real deployment scenarios than is provided by the co-existence modelling risks preventing optimization of BS design in order to enable the business case for real deployments. Thus, we propose to set 3 or 4 of requirements considering a low, medium and high array gain. These “array types” should replace existing BS classes and differ from BS classes in that they are not linked to deployment scenario descriptions.
The following sensitivity values are proposed for the 3 array types:

Table 1: Proposed OTA sensitivity (filtering not needed)

	Array type
	OTA sensitivity (per pol)

	[Type 4]
	???

	Type 1
	-104 +SINR dBm

	Type 2
	-107 +SINR dBm

	Type 3
	-110 +SINR dBm


Table 1: Proposed OTA sensitivity (filtering needed)

	Array type
	OTA sensitivity (per pol)

	[Type 4]
	???

	Type 1
	-101 +SINR dBm

	Type 2
	-104 +SINR dBm

	Type 3
	-107 +SINR dBm
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