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1 Introduction
The current WI on enhanced AAS aims to generate an all OTA set of requirements for an AAS BS. 
NR has operating frequencies up to 100GHz, hence it is likely that beam forming and active antennas will be required to compensate for increased path loss, in addition providing connectorised interfaces for such high frequencies is likely to be impractical. Hence NR will require an all OTA set of requirements which are capable of incorporating the performance of an AAS.
The work done developing the eAAS set of OTA requirements will therefore be useful when developing the NR RF requirements.

The eAAS WI has only just started so the OTA requirements are not yet finalized – however this document discusses the ongoing eAAS OTA work and how it can be applied to NR.

2 Discussion

In eAAS the requirements are divided broadly into 3 major categories:
1. In band requirements where the antenna element pattern is known, but correlation levels are unknown.

· In DL requirements operating band unwanted emissions (adjacent channel interference (ACLR), UEM, etc..) and EVM should be specified in a manner which does not require excessive measurement but offers the same performance and protection as the existing conducted requirements. TDD TX OFF power and other power dynamics requirements should also be readdressed.

· In the UL an OTA reference sensitivity requirement is required to replace the conducted reference sensitivity. Once this has been established blocking, RX intermodulation and selectivity OTA requirements are needed. 
2. Out of band requirements when the antenna element pattern is not known.

· Interference to other systems is inherently a radiated effect. For a radiated requirement which offers the same level of protection as the existing conducted requirements, it will be necessary to decide if EIRP or TRP requirements are more relevant.  Out of band requirements should be specified in a manner which does not require excessive measurement but offers the same co-existence and co-location protection as the existing conducted requirements.
· There is a risk that the requirements will be over large frequency ranges and over many measurement directions (full sphere around the equipment). The requirement must be balanced between robustness and practicality.

3. EMC requirements, EMC radiated requirements are similar to the out of band radiated requirements, however both for EMC emissions immunity it must be considered how to handle the radiated wanted signal (the conducted wanted signal is currently put into a resistive load during EMC testing). 
Out of band requirements and EMC requirements are likely to be very similar for an NR system as for an eAAS system. In general these are governed by regulatory requirements (e.g. ITU-SM329) and the challenge is one of testing rather than requirement setting. 

In band requirements are more governed by analysis within 3GPP, performance levels are often a compromise between optimizing system performance and reasonable equipment capability. The key parameters are often the result of simulation campaigns where the simulation parameters and acceptance criteria are agreed before hand by RAN4. As NR is operating at both a different frequency and possibly a different RAT to the existing 3GPP systems (UTRA, E-UTRA) at which eAAS is aimed then it is possible that the results for NR will be different than for eAAS.
2.1 In band transmitter requirements
The 2 main in-band transmitter requirements are ACLR and signal quality or EVM, there are also some absolute SEM requirements but these tend to be dominated by the ACLR requirement.

2.1.1 ACLR

ACLR was studied for the REL13 work on AAS and was subject to a simulation campaign where the effect of the unwanted signal correlation on network performance was investigated. This lead to the now well established result that it was the total amount of adjacent channel power radiated which impacted system performance rather than the specific power in any single direction.

This is often discussed as being a TRP (Total Radiated Power) vs. a EIRP (Effective Isotropic Radiated Power) requirement, whilst the meaning of this is clear within the AAS group it may be confusing to others.

The meaning of TRP is clear enough, the ACLR is the ratio of the total in-band radiated power to the total adjacent channel radiated power, it is the direct equivalent of the conducted ACLR requirement as that also is a ratio of the total power (albeit at the connector).
EIRP is not so clear as by definition it requires a direction when the correlation level of the adjacent channel noise is not 1 (the noise is uncorrelated) then the pattern of the adjacent channel noise and the pattern of the wanted signal may be very different, this of course effects the ACLR which will under these conditions will vary greatly depending on the direction investigated, however when used in this context it is referring to the power in the centre of the main lobe.

One misunderstanding of the language could be that an EIRP requirement means the ACLR will be met at all directions, this is NOT the intention when we refer to an EIRP type requirement. To meet ACLR in all directions with anything other than a fully correlated adjacent channel signal is practically impossible and ensuring the adjacent channel signal is correlated is also impossible. Hence maintaining the ACLR ratio in all directions is not possible.
Specifying ACLR as an EIRP ratio in the centre of the main lobe however is an attractive proposition as it greatly reduces the testing complexity. Unfortunately as the correlation level of the adjacent channel signal is not known it is not possible. Consider a 10TRX system with N = 10 identical transmitters:

TRX with correlated adjacent channel noise at 45dBc

Total ACLR (TRP) = 45dBc
Total ACLR(EIRP)=45dBc


10 TRX with uncorrelated adjacent channel noise at 45dBc
Total ACLR (TRP) = 45dBc
Total ACLR(EIRP)=55dBc

As has been shown in [2], a minimum of 45dBc TRP is needed, in this example if EIRP were used as a measure of ACLR then it would be necessary to set the requirement at 55dBc, however there is always the possibility that the noise is correlated in which case the system would be over specified.

10 TRX with correlated adjacent channel noise at 55dBc
Total ACLR (TRP) = 55dBc
Total ACLR(EIRP)=55dBc

In addition it would be necessary to know how many transceiver units were in the system so the required offset (i.e. 10 log10N) from 45dBc could be known.

As there is no way of knowing the correlation level of the adjacent signal (other than measuring its radiation pattern, which is the same effort as measuring TRP anyway).  It is not possible to easily use EIRP as a measure for ACLR.
Hence a ratio of TRP is the best solution.

2.1.1.1 NR
AAS work was done assuming that the UE performance was the same as the existing UTRA/E-UTRA UE performance. The critical assumptions being:


UE antenna pattern is Omni directional with 0dBi gain


UE ACS performance is 33dB


ACLR and ACS are constant over the victim channel BW.
In NR we have to consider if these assumptions are still the same. Referring to the TR 38.802, UE antenna element gain pattern below 6GHz was considered omnidirectional, while above 6GHz, the following UE antenna model was considered:

Table 3: UE antenna radiation pattern model above 6GHz [TR 38.802, v 0.0.3]
	Parameter
	Values

	Antenna element radiation pattern in [image: image2.png]8"
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	Antenna element radiation pattern in [image: image5.png]
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5 dBi


The UE ACR performance is critical in the simulation and really defines the ACLR level of 45dBc, it is the ACIR level of which is considered for the victim UE throughput calculation and this is given by:
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It is pretty simple to see how this impact the 45dBc ACLR level as the ACLR degrades beyond 45dBc so the ACIR starts to degrade and hence throughput is affected.
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If the UE had a different ACS value then the ACLR value would also require re-investigating.
These assumptions also rely on the ACS and ACLR being flat over the channel BW, this is a reasonable simplification for existing channel BW but may not be the case for very large channel BW for NR.

The assumption of an Omni direction UE antenna is also important. It has been discussed that NR UE’s may also employ beam forming, then both the ACS interference and the ACLR interference could be reduced. There are however a number of things to consider.

· If the UE uses an array for beams then the beam is only formed for the signal which the UE algorithms optimize for (i.e. the wanted signal). 

· The UE RF front end has interference based on the element pattern not the array pattern (assuming beam forming is carried out in BB), for a UE this may still be Omni directional.

· If the same beam forming weights are applied to unwanted signals it is not clear what beam forming gain they will experience.

· Algorithms optimizing for best SNR would hopefully not only optimize the wanted signal but also reduce the unwanted signal.
· The ACS contribution is likely filtered prior to beam forming so may not be possible to apply beam forming to it.

Due to the amount of variables which are introduced when UE beam forming is considered, and as it is unlikely to be a mandatory requirement, the worst case assumption of an Omni-directional UE antenna may still be the correct one.

2.1.2 EVM

EVM was not subject to a simulation campaign in REL13 AAS as the ACLR investigations resulted in the decision to retain the  conducted interface, hence is was simple to maintain the same conducted EVM requirement.

EVM is subject to the same spatial effects as ACLR where the correlation level of the unwanted signal is unknown and hence its spatial pattern is also unknown and hence the EVM of the resultant signal varies over space.

The existing conducted requirement if converted to a radiated requirement would give a TRP requirement in the same way as the ACLR. However there are some key differences with EVM which may mean this not the best solution.

EVM is concerned with transmission between the BS and a known UE. The UE will certainly be inside the BS cell coverage area (generally the main lobe of the antenna pattern) and in cases of beam forming will be at the centre of a user specific beam which is pointed directly at the UE.

The concept of different performance and coverage for ‘cell’ beams and ‘user’ beams has been discussed in the past but no need was identified which necessitated them being defined. However with EVM it would seem that spatial requirements may be different for the different coverage areas. It is also the case with EVM that there are different requirement for different modulation.

Table 6.5.2-1 EVM requirements 

	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %


As the cell reference signals are afforded the additional protection of lower order modulation (and hence can be demodulated with a lower SNR) and the lower order modulation schemes do not have such strict EVM requirements. The concept of defining different types of beam (cell and user) hence may involve the additional complication of different requirements for each beam as well as different spatial declarations.

2.1.2.1 NR 
Clearly at higher frequencies the EVM requirements may have to be reexamined for practicality, in both the BS and the UE phase noise will be higher, PA linearity may be lower, etc. The basic EVM budget may therefore have different values than the ones used for existing systems (below 4GHz).
The spatial aspects of using an AAS and having a OTA requirements for EVM would seem to be the same for the high frequencies as they are for the lower frequencies. 

As it is expected that a greater level of beam forming will be done for NR systems (in order to overcome the PL) it is perhaps sensible to adopt an approach which defines EVM in the main beam as this gives the NR radio an opportunity to use the beam forming not just to optimize signal strength but also to minimize the EVM. For high frequencies and high order modulation modes this may be important to overcome the implementation issues mentioned above.

For the eMBB use cases, it is expected that the higher order modulations could be further pushed beyond the E-UTRA defined 256QAM (for Small Cells). Furthermore, during last RAN#72 meeting, there was a new WID on downlink 1024QAM for LTE discussed. Further extension of the modulation schemes range will trigger modulation scheme specific EVM requirements. 

2.2 In-band receiver requirements
The main receiver performance requirement in the conducted requirements is receiver reference sensitivity. This is used to provide both a minimum sensitivity requirement (based on a reasonable assumption of RX noise figure) and also to provide a means of measuring the effect of interference on the receiver performance (for blocking IMD tests, etc).
It is currently being discussed in the eAAS WI if these 2 requirements should be separated so that there is a minimum sensitivity requirement and also a separate reference sensitivity requirement.

The reason behind this will be briefly discussed and then potential differences for the NR system will be highlighted.

In discussing the receiver in AAS we do not refer to beams as they do not exist as such in the UL, but Range of Angle of Arrival of the incoming signal. However in the more discussion below the term beam is sometimes used as at the level of the discussion it perhaps is easier to understand.

2.2.1 Minimum sensitivity

Currently the minimum sensitivity is incorporated into the reference sensitivity requirement. It is approximately equal to a system NF of 5dB.
For E-UTRA (Eb/No=1dB)
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The Rel 13 AAS requirement also includes a radiated sensitivity requirement which is based on a declared EIS at a number of declared directions which represent the receiver spatial capability.
It was long discussed in the REL13 work if this radiated receiver requirement should be in some way linked to the conducted requirement. In order for this to be done correctly however it is necessary to modify the requirement so it is suitable for OTA.
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The diagram shows that both an Antenna directivity and an effective antenna loss figure are required to transform the conducted requirement to a radiated requirement.

The most complex task in this is to find the antenna directivity, for a passive antenna this is simply the antenna beam pattern, however for an active antenna it is likely that any ‘beam’ is only formed in the BB of the RX and is adaptable depending on the direction of the signal. The system must also cope with coverage areas ranging from Omni directional (approx. 9dBi gain) to 6 sector (20dBi gain) to highly directional user beams (>20dBi).

As in the existing REL13 OTA requirements the spatial declarations define coverage areas, it has been suggested that these can be used to estimate an effective directivity which could be used to calculate a minimum EIS for each declared coverage range. Whilst this was not pursued in REL13 (as the conducted requirements remained), it is likely that such calculations may be required for the all OTA AAS requirement.
The effective antenna loss is also an important value as it represents the AAS implementation, the element radiation efficiency, RDN (radio distribution network) losses, routing losses etc must be included in this figure. It is important that a reasonable value is used to allow for cost effective implementation.

2.2.1.1 NR

Once again as minimum sensitivity is based on a reasonable implementation and receiver NF then it is likely that different minimum sensitivity figures will be derived for different frequencies. 
Both loss and NF at 100GHz will be much worse that at 4GHz. This must be taken into account not only for the traditional transceiver components but also the RDN and antenna array part of the system (the effective antenna loss figure).

2.2.2 Reference sensitivity and blocking
In the REL13 AAS BS specifications the criteria for passing the interference tests is the reference sensitivity offset by some number (e.g. Ref Sens +6dB). The requirement is based on receiving a signal of this level in the presence of a specified blocking signal (or signals). The blocking signal levels are calculated based on a network simulation and 99.99% probability of the existence of that blocking signal.

When translating this requirement to an OTA requirement there are a number of issues:

· The current blocking signal level is calculated statistically and hence has no ‘worst case’ location. Hence it is difficult to identify a corresponding power level or direction for the interferer OTA.

· The test requires 2 signals (wanted and interferer) to be applied to the receiver. When translating this to OTA test, the signals may come from the same direction or different directions.

· The result of the test is pass/fail, this makes it difficult to get any spatial information from the test and hence possibly reduce the level of testing needed.

There are also issues with respect to using the reference sensitivity as part of the pass/fail criteria:

· If the reference sensitivity is linked to the minimum sensitivity, then as minimum sensitivity varies with ‘beam width’, this results in a blocking requirement which varies with declared beam width. The blocking signal is not affected by BB beam forming as it comes from an interfering UE on another network. A fixed blocking requirement makes more sense.

These issues are still being investigated in the all OTA AAS specification.
2.2.2.1 NR

The issues listed above will be similar in a NR system. However there may be some differences which should be considered.

Beam forming in the UE may affect the interfering signal level:

· With an offset network deployment (in simulation) it means the interfering signal (blocker) power may not be as high as it is directed by the interfering UE to its associated BS.

· With a overlapping network deployment however the interfering system BS is in same direction as the victim this also could increase the level, as the UE will now have antenna gain.

2.3 Out of band requirements

Out of band requirements are mainly spurious emissions and also out of band blocking.

2.3.1 Spurious emissions

Spurious emissions are specified between 9kHz to 12.75GHz or the 5th Harmonic of the highest transmit frequency (worst case currently 5*3.8GHz = 19GHz). If we additionally consider Band46 (5GHz band for LAA operation), the spurious range limit wound rise to 29.625GHz. 
For all OTA AAS measurements this provides a measurement challenge as it is difficult to find a single OTA test method (range) which covers this whole frequency range. However a similar frequency range is currently used for the EMC requirements (lowest freq in this case is 30MHz) so it is being investigated if the 2 requirements can be somehow merged. 

Other than the lower frequency range however there are differences in the current RF spurious emission requirements and the EMC requirements/test:
· The EMC test has the BS antenna disconnected and hence assumes 0dBi antenna gain for any emissions (OTA limit is same as conducted limit).

· The EMC test does not have the wanted power radiated at the time of the test (it is cabled into a load)

· Test tolerance for the EMC test is much greater than for the conducted spurious emissions test.

However the EMC test currently has a well defined method that does not require excessive testing, this is important due to the large number of frequencies which require measuring.

2.3.1.1 NR

Clearly the higher frequencies available to NR will increase the upper frequency limit of the test. According to the SM.329 recommendation, the frequency range for measurement of unwanted emissions in the spurious domain in case of fundamental frequency of 100GHz is recommended to be limited to its 2nd harmonic, i.e. 200GHz for the upper frequency range considered for NR studies. 
This will increase the measurement challenge (most likely a sensible upper frequency will be defined by the capability of measurement equipment), but should not change any concepts for defining the OTA requirements or measurements which are developed for AAS OTA.

2.3.2 Out of band blocking

Out of band blocking has not been discussed in detail for OTA AAS yet, but once again the large range of frequencies and the large range of possible locations for a blocker mean there is a risk the amount testing could become unnecessarily large.

The same metrics which are decided upon for in-band blocking will likely be suitable for out of band blocking also. However in a similar way to the spurious emissions the existing out of band blocking levels do not include antenna gain and when they are moved OTA some approximation of this must be made, it would seem likely that way out of band the gain could be assumed to be 0dBi, however there will be some frequencies close to the wanted range of operation (an possibly harmonics) where this will not be the case. Methods for making antenna gain assumptions need to be defined.

2.3.2.1 NR

Once again other than the increased frequency range there do not seem any obvious differences which need to be considered for NR. 
Considering the current OoB definition relying on the 10MHz range outside the radio channel, further study on the OoB requirement definition might be needed due to much wider channel BW arrangement for NR.  
3 Summary
This paper has discussed the eAAS WI technical issues and offered some discussion on how the existing conducted AAS RF requirements are to be translated into OTA requirements.
In each case possible differences in the requirements between eAAS and NR have been briefly investigated so that it can be seen how much of the eAAS OTA work can be used for NR.

In all cases it is noted that the very different frequency of operation of the NR radio will result in different core RF design parameters (Filter performance, output power, linearity, NF, phase noise, etc). In these cases requirements that rely on ‘reasonable’ implementation need to be re-addressed and the impact of any agreed new figures used in the derivation of the system RF requirements.

Different output power levels, antenna gains and receiver noise figures will mean that all simulation based parameters (ACLR, EVM, RX blocking), will need to be re-done to find the correct levels for the higher frequencies.

Another key feature for NR is that when these simulations are done it should be considered that there are differences in the network deployments. AAS work assumed that the networks AAS BS will be used in are the same as existing UTRA and E-UTRA networks. NR deployments are likely to be different as shown in the NR coexistence simulation discussion. 
New UE functionality in the form of beam forming may also affect the results as the UE will now direct its power rather than send out Omni-directionally. This may affect the interference power levels at both the BS (for blocking tests) and the UE (ACLR requirements).
Whilst these differences are likely to change the values of the requirements the work in eAAS on defining the required spatial declarations and test scenarios will be very similar and should be used as much as possible during NR work.
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