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1.
Introduction

Several TPs regarding BS RF receiver requirement sets for 7 - 24 GHz frequency range were approved into TR 38.820 [1] during RAN4#92bis. It has been identified that there are some ambiguities and errors in the approved TPs [2-5]. This contribution provides a TP to update TR 38.820 to rectify the identified ambiguities and errors.
2.
Text proposal
<Start of change>

7.4.2
Receiver requirements

7.4.2.1
Rx requirements overview

Summary of the conducted and radiated Rx requirements specified in Rel-15 for the NR BS is presented in this subclause. More detailed elaboration on the motivation on selected requirements is provided in dedicated subclauses below. 
All the findings captured for the conducted requirements in table 7.4.2.1-1 and related subclauses below are considered to be applicable to the (sub)-range of the 7 – 24 GHz for which the conducted requirements will be found to be feasible during related WI.

While radiated requirements are considered to be applicable to the whole 7 – 24 GHz range, their definitions, values and levels may differ across the 7 – 24 GHz range. 
Table 7.4.2.1-1: Overview of conducted Rx requirements for NR BS in 7 – 24 GHz range

	Rx requirement
	Conclusions from SI
	Items to be completed in related WI

	Reference sensitivity level
	
	

	Dynamic range
	Requirement will have to be re-calculated to account for an updated NF, IM and the supported set of NRB and SCS. Required SNR for the wanted signal to be re-simulated. 

For the derivation of the requirement: reuse the 95% throughput threshold, reuse the 16QAM-based FRC (if possible).
	Value(s) of the NF, IM and required SNR.



	In-band selectivity and blocking
	ACS
	
	

	
	In-band blocking
	
	

	Out-of-band blocking
	General out-of-band blocking
	
	

	
	Co-location
	
	

	Receiver spurious emissions
	
	

	Receiver intermodulation
	
	

	In-channel selectivity
	
	


Table 7.4.2.1-2: Overview of radiated Rx requirements for NR BS in 7 – 24 GHz range

	OTA Rx requirement
	Conclusions from SI
	Items to be completed in related WI

	OTA sensitivity
	
	

	OTA reference sensitivity level
	
	

	OTA dynamic range
	For FR1-like (sub)-range: reuse FR1 approach of deriving the OTA requirement.

For FR2-like (sub)-range: further investigation will be required to decide if the OTA dynamic range requirement in the FR2-like (sub)-range of 7 – 24 GHz range can be kept.
Value(s) of the NF, IM and required SNR to be reused from the conducted requirement for 7 – 24 GHz.

For the derivation of the requirement: reuse the 95% throughput threshold, reuse the 16QAM-based FRC (if possible).
	Evaluations for the FR2-like (sub)-range.

	OTA in-band selectivity and blocking
	OTA ACS
	
	

	
	OTA in-band blocking
	
	

	OTA out-of-band blocking
	General out-of-band blocking
	
	

	
	Co-location
	
	

	OTA receiver spurious emissions
	
	

	OTA receiver intermodulation
	
	

	OTA in-channel selectivity
	
	


7.4.2.2
Receiver sensitivity

7.4.2.2.1
Background
There are a number of different receiver sensitivity requirements for the different BS types and frequency ranges, these requirements fulfil 2 roles; 

· Minimum sensitivity which guarantees a certain minimum power level with which the wanted signal can be detected and demodulated.

· Reference sensitivity which is a reference performance which is used as a basis for the wanted signal power level during the interference tests (blocking, RX IMD, etc.)

In the case of the BS type 1-C, and BS type 2-O these 2 are both achieved with a single requirement.

Figure 7.4.2.2.1-1: Summary of receiver sensitivity requirements

	 
	1-C
	1-H
	1-O
	2-O

	Minimum sensitivity
	conducted REFSENS
	OTA sensitivity
	OTA sensitivity
	OTA REFSENS (FR2)

	Reference sensitivity
	conducted REFSENS
	conducted REFSENS
	OTA REFSENS (FR1)
	OTA REFSENS (FR2)


Conducted REFSENS is based on the BS receiver having a noise figure of 5dB (wide area):
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 OTA REFENS is represented as an EIS value and also assumes a maximum noise figure as well as an antenna gain:
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The difficulty with adding the antenna gain parameter is that antenna gain is a variable and it is not possible to attribute a minimum or fixed value. Even with non-AAS BS with passive antennas the antenna gain varies with deployment. For a passive antenna the beam shape is fixed and hence is directly related to the geographical area the antenna covers or the range of angle of arrival (RoAoA), the larger the RoAoA the lower the antenna gain and hence the higher the minimum EIS.

7.4.2.2.2
OTA sensitivity

The OTA sensitivity requirement is a minimum sensitivity requirement and ensures correct operation of the receiver including the integral antenna. OTA sensitivity is a declared parameter, the minimum sensitivity over an associated range of angle of arrivals (RoAoA) are declared (the declaration also allows for the RoAoA to be redirected by non-real time means but this distinction is not needed for simple analysis).

7.4.2.2.3
OTA REFSENS

OTA REFSENS is the OTA reference sensitivity requirement which provided equivalence to the existing conducted requirements as both a reference for the interference measurements but also providing some equivalence to the minimum noise figure aspect of the conducted requirement.

As antenna gain is a variable a fixed OTA sensitivity value is not possible, however as antenna gain varies with coverage it is possible to provide a minimum expected gain (and therefore a minimum sensitivity) over a declared coverage area. Hence the declared RoAoA is used to calculate a minimum antenna gain and hence a reference sensitivity. The declared RoAoA corresponds to the 3dB contour of the antenna gain and is called the OTA REFSENS RoAoA.

FR2 has no conducted requirements and no need for equivalence with legacy requirements, as such the sensitivity requirements are OTA only. However the issue still exists that different products may have different maximum antenna gains. In the case of FR2 however beam forming is necessary and hence the coverage area (or RoAoA) is not directly related to the antenna gain as a narrow beam can be steered over the RoAoA. This was not the case in FR1 where the AAS may not have beam steering capability. 

The link between the RoAoA and sensitivity is hence not existed in FR2, the OTA sensitivity is hence a purely declared variable within a range of expected antenna gains.

7.4.2.2.4
7 - 24 GHz

At this stage we must consider all the BS types for the 7 to 24GHz range, however it is clear that OTA BS will be an important implementation. OTA REFSENS will hence be necessary.

OTA REFSENS is slightly different for FR1 and FR2 BS, for FR1 the antenna gain is directly related to the RoAoA as it offers equivalence with the conducted requirement and may need to be applied to non-beam forming architectures. For FR2 it is assumed that the system is beam forming and hence there is no link between the antenna gain and the RoAoA, also there is no equivalence to a conducted requirement.

The 7 to 24GHz BS is expected to require beam forming and whilst there may be conducted requirements there is no legacy so there is no need to provide equivalence between OTA and conducted requirements. As such the FR2 type of OTA REFSENS requirement may be used even if conducted specifications are specified. The appropriate NF and ranges of expected antenna gain can be agreed when the exact operating bands are known.

Conducted requirements for x-C and x-H BS types are based on expected noise figure and hence if needed can easily be derived using the same noise figure values as the OTA REFSENS requirement.
7.4.2.3
Dynamic range

7.4.2.3.1

General 

The following is considered to be applicable to both the conducted and radiated dynamic range requirements: 

· For the values of the implementation margin, it cannot be precluded that different IM values could be selected for the (sub)-ranges of 7 – 24 GHz range, leading to different values of the requirements across the frequency.

· The throughput threshold to derive the required SNR for the wanted signal derivation (i.e. 95% of the FRC) can be reused for 7 – 24 GHz range. 

· The 16QAM-based FRCs (for the NRB and SCS that will be supported in the 7 – 24 GHz range) can be reused for 7 – 24 GHz range.

7.4.2.3.2

Conducted dynamic range

The conducted dynamic range requirement for 7 – 24 GHz (sub)-range will have to be re-calculated:

· For the wanted and interfering signal levels will have to be re-calculated to account for an updated NF values and the supported set of NRB and SCS, as well as the implementation margin (IM). 

· For the wanted signal: required SNR will be subject to the simulation campaigns.

7.4.2.3.3

OTA dynamic range

For the OTA dynamic range requirement the following was concluded: 

· For the FR1-like (sub)-range of the 7 – 24 GHz range: the same approach of deriving the OTA requirement from the conducted dynamic range requirement can be reused, i.e. conducted requirement plus ΔOTAREFSENS offset. 

· For the FR2-like (sub)-range of the 7 – 24 GHz range: as there was no such requirement defined for FR2, further investigation will be required to decide if the OTA dynamic range requirement in the FR2-like (sub)-range of 7 – 24 GHz range can be kept. Based on the estimated dynamic range value(s), the FR2 BS demodulation requirements could be also considered to assess for the required SNR values (and their relation to the noise floor levels), to further evaluate the need for the OTA dynamic range requirement in FR2-like (sub)-range of 7 – 24 GHz range.
7.4.2.4
In-band blocking

7.4.2.4.1
Background
In-band blocking levels are identified by using co-existence simulations to identify the CDF of in-band interference levels. For conducted system analysis only the interferer was considered, however for OTA systems this method is not suitable as the level varies depending on the architecture of the victim

· An RF beam forming system applies the beam forming to both the wanted signal and the interferer. As such if the interferer is in the same direction as the wanted signal it is much larger, however the probability of this occurring is low. If the interferer is in a different direction then it is attenuated by the beam forming.

· A BB beam forming system only applies the beam forming in the BB, therefore the RF front end is exposed to only the element gain. The element gain is much lower, however the beam is wider and hence the probability of the gain being applied is greater.

In addition it was found that the direction of the worst case blockers is not stable and hence testing the worst case interferer level in the reference direction may result in a level which is not consistent with the findings of the simulation. For compliance it is preferable to have the interferer and the wanted signal coming from the same direction.

For the OTA requirements however it was found that the ratio between the wanted signal and the in-band interferer was less dependent on the architecture so by setting the blocking level as an offset from the OTA REFSENS offered an architecturally independent method for setting the blocking level. 

The FR1 and FR2 in-band clocking specs are hence:

Figure 7.4.2.4.1-1: Wide area in-band blocking wanted signal and interferer levels

	BS type
	1-C
	1-H
	1-O
	2-O

	Wanted signal (dBm)
	-101.7 + 6
	-101.7 + 6
	-101.7 - ΔOTAREFSENS + 6
	EISREFSENS_50M + ΔFR2_REFSENS + 6

	Interferer level (dBm)
	-43
	-43
	-43 - ΔOTAREFSENS
	EISREFSENS_50M + 33 + ΔFR2_REFSENS

	Delta (dB)
	52.7
	52.7
	52.7
	27


It can be seen all the FR1 levels are consistent and the FR2 levels is lower.

7.4.2.4.2
7 to 24 GHz

In-band requirements dependent on the sensitivity requirements, as the sensitivity is used as a metric of the receiver performance under interference conditions. The in-band blocking requirement for 7 to 24 GHz must therefore be consistent worth the methodology used for sensitivity. The proposed metrics for sensitivity are identified in sub-clause 7.4.2.2. 

As the 7 to 24 GHz specification has to deal with all the BS types and implementation architectures the in-band blocking level should be set based on the wanted signal to interferer level in the same way as the FR2 levels. The conducted requirement can then be extracted by using the same delta on the conducted REFSENS value. As there are no existing conducted requirements to maintain equivalence to and the 7 to 24 GHz range will primarily consider beam forming systems it is suitable to derive the OTA requirements first and then apply the same methodology to the conducted.

The delta value for the 7 to 24 GHz range would be expected to be between the FR1 and FR2 values (52.7 to 27 dB), however the precise values would have to be found by blocking simulation once the operating frequencies are known and co-existence simulation parameters have been defined.

Over the 7 to 24 GHz range it is possible there are multiple in-band blocking deltas covering different frequency ranges.
<End of change>
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