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1 Introduction
In the last meeting (RAN4#82) the WF on hybrid requirements [1] was approved. It contained a number of agreements:
· It is agreed to include in AAS Rel-14 specifications a set of OTA Requirements as per the current Scope of the WID and additional set of One or more Hybrid requirements.

· The OTA requirements set shall apply to OTA AAS BS which does not have conducted interface (i.e. access to connectors are not available for conducted testing). 

· A hybrid AAS BS, i.e. An AAS BS with conducted interface and OTA interface (i.e. access to connectors available for conducted testing), either the OTA requirements set or any (if more then one is specified) of the hybrid requirements set(s) can be applied. 

· All the requirements (conducted and the two OTA requirements) in AAS Rel 13 specifications (TS 37.105 -1 and -2) are considered as one of the Hybrid requirements sets. 

· Additional hybrid requirements set(s) either fixed, e.g. Rel-13 AAS requirements as indicated above, or flexible set in which mapping of requirements to either conducted or OTA domains are not fixed but rather declared by vendors will be further investigated with open issues as identified in the following slide.

And some open issues:

· To consider fixed list and/or flexible additional Hybrid requirements set with mapping of requirements in either the conducted domain or the OTA domain but not both.

· Example of a fixed Hybrid requirement is a set which include all conducted and radiated requirements as is currently specified in Rel-13 AAS specifications. 

· A flexible Hybrid requirement will include a minimum sub-set of OTA requirements (FFS) and vendors can then define their own remaining requirements in either the conducted or radiated domains.

· For some requirements, either OTA or conducted, have dependency on other requirements. As an example, the OTA blocking requirements depends on OTA sensitivity. 

· In such case if a requirement is selected to be included in a domain, e.g. either OTA or Conducted, all dependent requirements for that requirements shall be maintained in its corresponding requirement domain.
In this paper we further discuss the open issues above.
2 Discussion

The idea of having different combinations of OTA and conducted requirements as hybrid options is acceptable as long as it provides the same protection and performance guarantees as the exiting REL13 hybrid requirements and the full OTA requirements.

However as discussed in [2], it is difficult to see that with requirements relying on each other how this can be achieved.
Here we further investigate the issues and offer our views.

One thing worth highlighting is that transmitter and receiver requirements are almost mutually exclusive (it is a condition of the receiver testing that transmitter is on). So it seems reasonable that Tx and Rx could use different requirements sets.

2.1 Transmitter

One potential additional hybrid requirements set which has been discussed is to have OTA in band requirements and conducted out of band requirements. The reason for this potential split is that the large frequency range required for out of band emissions  can make OTA testing time consuming so would benefit from remaining conducted.
Almost all transmitter conformance requirements are tested with the condition of maximum output power. 

OTA maximum output power is defined by 2 parameters, which have the same condition, that all transceiver units are operating at their maximum power.


PRated,t,TRP 
The rated total radiated output power 

PRated,t,EIRP
The rated total EIRP in the direction of  max gain for each beam

It is FFS which (or either) of these is necessary to demonstrate the max power condition during conformance testing, however one of these OTA maximum power conditions is required when testing other transmitter OTA parameters.
For the hybrid system with a conducted interface the maximum output power is specified as:

PRated,t,sys
The rated total conducted output power (sum of PRated,t,TABC)
2.1.1 Tx Loss

The conducted and OTA output power conditions should be related as follows:


PRated,t,TRP 
= PRated,t,EIRP 
- D,

where D is the beam pattern directivity

And

PRated,t,TRP 
= PRated,t,sys 
- LTX ,
where LTX is the in-band loss comprising of antenna efficiency and distribution loss in the composite antenna array.

If transmitter requirements are defined as both conducted and OTA then both conditions will need to be declared. However this effectively declares LTX.

The loss factor in the output of the transmitter and its use in the requirements is still being discussed. The receiver in band loss factor for wide area has been agreed as a fixed figure (of 2dB), it is likely the Tx in band loss will be similar.

For the full OTA set of requirements the in-band loss figure is used in the following:

· As an offset to the wanted signal power for the BS class limits

· As an offset to in band absolute unwanted emissions levels.

If max power conducted and OTA are declared and LTX is not in practice identical to the assumption RAN4 agrees on then there will be a contradiction between conducted and OTA requirements, one will effectively be stricter than the other.
Observation 1: Declaring maximum power condition for conducted and OTA is likely to lead to inconsistent conducted and OTA requirements.
2.1.2 Scaling

It is possible that the hybrid and the OAT BS will use a different methodology for scaling, as the OTA AAS BS does not have a conducted interface and TAB connectors it is harder to apply the current hybrid scaling method. The proposal is to use a fixed scaling factor based on the assumption that the OTA AAS BS has more than 8 transceiver units. This has the added advantage that the OTA scaling is simpler, which makes the regulatory aspects of the new OTA specification easier to deal with.

As the scaling factor is different for hybrid and OTA, for a hybrid system the hybrid scaling should be used, so requirements which use scaling cannot be done OTA.
2.1.3 Transmitter intermodulation

Transmitter intermodulation is a complicated requirement which requires application of an interferer whilst the unwanted emissions from are checked against the unwanted emissions requirements (ACLR, Spectrum emission mask, Operating band unwanted emission, Spurious emissions).

Clearly the interferer must be applied at the same interface as the unwanted emissions requirement.

In addition to the requirements based on interferers form co-located BS, hybrid AAS requirements also include a intra-BS IMD requirement to test interference from the AAS’ own array. For all OTA requirements it is not necessary to include the intra-BS requirement as self interference is captured by the unwanted emissions requirements.

However if any of the unwanted emissions requirements (ACLR, Spectrum emission mask, Operating band unwanted emission, Spurious emissions) are done as conducted requirements then it will be necessary to do the intra-IMD requirement at least for that unwanted emissions requirement.

2.2 Receiver

Most of the receiver requirements (with the exception of spurious emissions) are referenced to the REFSENS value.

It is therefore not possible to for example to specify min EIS as an OTA requirement but blocking as a conducted requirement.

Unlike the transmitter requirements where it is possible to use the max power condition from both the conducted power accuracy requirement and the EIRP power requirement, the hybrid EIS specification and the conducted EIS specification do not provide the same information

The agreement in [3] state that a new OTA requirement ‘min EIS’ will be used for the REFSENS requirement and the existing rel13 EIS requirement will remain to capture the antenna spatial effects.

As the min EIS and the conducted REFSENS requirements are thresholds rather than absolute performance requirements it is not possible to find the difference between them to estimate gain in the same way as with the output power levels.

Hence it seems that all the receiver requirements with the exception of unwanted emissions have to be either all conducted or all OTA.
Observation 3: With the exception of spurious emissions all receiver requirements must use the same interface (either conducted or OTA) as the minimum sensitivity requirement (min EIS or conducted REFSENS)

Observation 4: Receiver spurious emissions may be treated as either conducted or OTA.

2.3 Performance requirements

Considering the difficulty with implementing the performance requirements at the POTA interface – if a conducted interface is present then they should be carried out at this interface.
2.4 Hybrid requirements table

Based on the observations above Hybrid 2 has been added to the table:
	Requirements set type
	Hybrid 1
	Hybrid 2
	OTA

	Requirement
	Conducted
	OTA
	Conducted
	OTA
	Conducted
	OTA

	BS class power limits
	x
	
	either/or 
	
	x

	Conducted Base station output power (accuracy)
	x
	
	x
	
	
	

	Output power dynamics
	x
	
	Note 1
	
	x

	Transmit ON/OFF power
	x
	
	Note 1
	
	x

	Transmitted signal quality
	

	Frequency Error
	x
	
	Note 1
	
	x

	Time alignment error
	x
	
	Note 1
	
	x

	Modulation quality
	x
	
	Note 1
	
	x

	Transmit pulse shape filter
	x
	
	Note 1
	
	x

	Unwanted Emissions
	

	Occupied bandwidth
	x
	
	x (Note 2)
	
	
	x

	ACLR
	x
	
	x (Note 2)
	
	
	x

	Spectrum emission mask
	x
	
	x (Note 2)
	
	
	x

	Operating band unwanted emission
	x
	
	x (Note 2)
	
	
	x

	Spurious emission
	x
	
	
	
	
	x

	Transmitter intermodulation
	x
	
	x (Note 2)
	
	
	x

	Reference sensitivity level / min EIS
	x
	
	either /or
	
	x

	Dynamic range
	x
	
	Note 3
	
	x

	Adjacent channel selectivity, general blocking, and narrowband blocking
	x
	
	Note 3
	
	x

	Blocking (out of band)
	
	
	Note 3
	
	

	Receiver spurious emissions
	x
	
	x (Note 2)
	
	
	x

	Receiver intermodulation
	x
	
	Note 3
	
	x

	In-channel selectivity
	x
	
	Note 3
	
	x

	Performance requirements
	x
	
	x
	
	
	x

	Radiated transmit power (EIRP accuracy)
	
	x
	
	X
	
	x

	OTA sensitivity
	
	x
	
	X
	
	x

	Note 1: must use same interface as maximum output power condition.

Note 2: Must use hybrid scaling factor.

Note 3: Must use same interface as the Reference sensitivity level / min EIS requirement.


When looking at the column for hybrid 2, the benefit of mixing hybrid and OTA requirements is limited by the restriction on using the same maximum output power condition or sensitivity level.

3 Summary
We have investigated the dependence of the RF requirements on each other and  how this may apply when selecting for a hybrid requirement set if the requirement may be conducted or OTA. As number of dependencies have been identified and a suggested methodology of how these can be captured has been shown in a table.

For hybrid requirements sets where both conducted and OTA interfaces are available, when selecting which requirement interface is appropriate the following rules need to be followed:

· Tx requirements which are specified at maximum output power condition must use the same interface as the declared maximum output power condition.

· Tx requirements which use scaling must use the hybrid scaling and hence the hybrid requirements.

· TX IMD interferer must be applied at the same interface as the minimum requirement emissions are specified.

· Tx intra BS IMD must be done for any case where unwanted emissions are applied at the conducted interface

· RX requirements with the exception of spurious emissions must use the same interface as the reference sensitivity / min EIS requirement

· Performance requirements are done at the conducted interface.

In reality there are few combinations which make practical sense, due to scaling Tx unwanted  emissions must be done at the conducted interface, and hence the maximum conducted power is needed as a reference condition and hence all other Tx requirements should use the same reference condition. The REFSENS/min EIS choice sets the choice for most of the receiver requirements.

We  believe there is no advantage in such a limited choice and that having only 2 options makes the situation easier to interpret, hence the already agreed hybrid 1 requirements set and the OTA requirements set are sufficient.
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