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1 Introduction
In the last meeting (RAN4#82bis) the subject of the loss factors used when translating conducted requirements to OTA requirements was discussed.

In the previous meeting it has been agreed that the in band loss factor for the OTA REFSENS requirement would be 2dB [1], however the Tx in-band loss factor and the out of band loss factor for both Tx and Rx are not yet agreed.

This contribution further discusses out views on the issues.
2 Discussion

2.1 In-band loss factor

The TX in-band loss factor has been agreed as 2dB, it has been suggested that the Tx loss factor should either be the same (2dB) or 0dB. It has also been suggested that in-band Tx and Rx loss factor must be the same. This effectively gives 3 options:

1. LRX = 2dB,
LTX = 2dB
Both TX and Rx are the same, RX agreement is maintained, Tx loss makes requirement 2dB lower and hence tougher then SM329 requires.

2. LRX = 2dB,
LTX = 0dB

Tx and Rx are different, Rx agreement is maintained, Tx is consistent with SM.329

3. LRX = 0dB,
LTX = 0dB

Both Tx and Rx are the same, Rx agreement is changed, Tx is consistent with SM.329
The pro’s and con’s of each of these approaches is further discussed below:

2.1.1 Receiver in-band loss

The receiver in band loss factor has been agreed as 2dB. This is based on the ‘typical’ performance expected from a non-AAS passive antenna.

The OTA REFSENS requirements is derived as follows:
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· LRX is a loss factor in dB accounting for antenna losses, distribution losses, integration losses, etc.
· The LRX value for wide area BS is a fixed value of 2dB to cover all frequencies and antenna geometries.
· The LRX values for medium range and local area AAS BS are FFSPREFSENS is the conducted reference sensitivity level in dBm in the Rel-13 TS 37.105 [3].
· D0 is the estimated antenna peak directivity in dBi of a non-AAS BS, which has a beam pattern related to the AAS BS OTA REFSENS RoAoA region. The method for estimating D0 is FFS.
· Doff-peak is the peak directivity off-peak margin equal to 3dB which is used to allow coverage for the OTA REFSENS RoAoA region other than just in the peak direction, using the same estimated antenna pattern used to derive the estimated antenna directivity D0. 

As the D0 figure is derived from the spatial performance (equivalent 3dB beam width) then it represents directivity.  A L figure is required to estimate a typical gain for the antenna. 2dB was agreed based on a compromise consisting of contributions from: typical antenna element efficiency, distribution loss, cross talk and noise correlation within the array.

 If LRX were changed to zero what would be the consequences?

Existing non-AAS systems the beam is static and the 3dB beam width of the antenna is the same thing as the highest gain beam. The gain is governed by the physical size of the antenna.

It has long been argues that an AAS could be as simple as a non-AAS TRX connected to a passive antenna and hence the AAS requirements must be able to support such an implementation. However an OTA AAS BS has the restriction that the number of TRX must be >8, hence we can assume that the AAS is more than a single TRX connected to a passive antenna. But having more receivers does not provide more antenna gain. Antenna gain is only increased if the antenna aperture is increased. At many AAS frequencies the antenna gain is governed by physical limitations on size, as such it is not simple to make it larger and obtain more antenna gain. Also passive antennas tend to have more than 8 elements (we generally have been using the assumption a 2GHz antenna has 10 cross polarized elements, i.e. 20 elements). So if an antenna the size of an existing non-AAS antenna were converted to a 1:1 OTA AAS it could have as many as 20 transceiver units in the system without achieving any additional antenna gain (the advantage of converting to an AAs would be in the control of the gain that the antenna already provides).

In such an example, the antenna efficiency will directly impact the OTA REFSENS and it is important to include.

It is important to consider that the nature of the existing conducted REFSENS requirement, it is a minimum performance requirement and ensures that the BS has a minimum sensitivity and also act as a reference performance which the interference requirements can be verified. The value of the conducted REFSENS is based on the reasonable performance of the receiver, this includes assumptions on reasonable achievable LNA noise figure and filter loss. It is therefore reasonable to use a similar method to assess the LRX factor.
2.1.2 Transmitter in-band loss

Clearly in most cases the composite antenna (RDN and antenna array) will be common for the transmitter and receiver paths. As such much of the loss will be common between the two.
Whilst this is perhaps true for antenna efficiency and any ohmic distribution losses it is not true for receiver desensitization due to cross talk and noise correlation between receivers. The receiver performance in the AAS is possible due to the assumption that the noise in all the receiver units is un-correlated and hence signals will add in a correlated fashion and noise in an uncorrelated fashion. Some of the degradation captured in the LRX figure accounts for error is in this assumption due to cross talk.

For the transmitter similar cross talk effects would affect the beam shape and as such be seen in directional requirements but not TRP requirements. 

So whilst this affect does not account for the whole 2dB loss as the receiver requirement s directional and the transmitter requirement is TRP there are reasons why the loss figure used may be different.

In addition the source of the requirement should be considered. The emissions requirements are based on SM329, SM329 when converting from OTA requirements to conducted requirements uses the same requirements and hence assumes that the loss is zero. When converting from OTA to conducted this is of course worse case, when converting back again zero is not the worst case however assuming a different value would add an inconsistency, i.e.
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Also to be considered is that the EMC requirements also exist OTA, these requirement shave also been derived from SM.329 and have assumed the same OTA limits as the conducted limits. We should use the same methodology for emissions for EMC and RF unwanted emissions.

The nature of the unwanted emissions requirement is also different to that of the receiver REFSENS, the REFSENS is a minimum performance requirement and are based on reasonable (agreed) implementation, however the emissions are regulatory requirements and are based on regulator limits, the implementation must provide the performance as per the regulations.

So whilst on first inspection it may seem that Tx and Rx loss should be the same it is not a necessity, the following reasons have been identified:

· Even assuming the same composite antenna there are technical reasons why the directional Rx requirement has a different loss factor to the TRP Tx requirement.

· Tx and Rx requirements are derived independently of each other and serve different purposes

When considering requirements which are not based on regulation i.e. co-location requirements, co-existence requirements where requirements are based on assumptions of certain deployment scenarios, the agreed value of LTX should of course be factored into those assumptions (so it is not counted twice) , as such the agreement on LTX does not affect those requirements as whatever the value it can be accounted for.

2.2 Out of band loss factor

It was almost agreed in the last meeting that the Tx out of band loss factor is 0dB. However the agreement was not made as the receiver out of band loss factor has not yet been discussed.
2.2.1 Transmitter out of band loss factor

0dB was almost agreed in the last meeting, as was discussed in for in-band emissions SM.329 assumes that the conducted and OTA emissions levels are the same, hence 0dB is the best solution.

2.2.2 Receiver out of band loss factor

The receiver out of band loss factor has not yet been discussed. The out of band los factor for the receiver affects 2 requirements:

· Receiver unwanted emissions

· Receiver out of band blocking

The unwanted emissions requirement is very similar to the transmitter unwanted emissions and can use the same assumption and 0dB is the best value.

The out of band blocking level will affect the power of the interfering signal applied. Unlike the emissions requirements which are TRP  this signal will come from a single source and hence be directional, as such when considering the translation between conducted level and OTA the antenna directivity should be consider as well as the loss.
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 Both the loss and the directivity of the antenna out of band are very difficult to predict. 
At this stage it is reasonable to agree that the Loss is assumed to be zero, so that the Tx out of band loss and the Rx emissions can be finalized, however until more investigation has been done on the receiver out of band blocking we cannot agree on a figure or methodology to derive Doob.

3 Summary

For in-band loss we believe that it is acceptable to have different values for Tx and Rx loss as:
· Even assuming the same composite antenna there are technical reasons why the directional Rx requirement has a different loss factor to the TRP Tx requirement.

· Tx and Rx requirements are derived independently of each other and serve different purposes

For Tx emissions requirements the translation between OTA and conducted used previously has been to assume 0dB, this is also used as the assumption for the EMC radiated emissions requirements. Therefore 0dB should be used for in-band LTX.

The Rx in-band loss in order to not exclude reasonable implementations it is necessary to keep the agreed 2dB figure.

For out of band Loss 0dB should be used for both Tx and Rx, the derivation of out of band directivity (Doob) for Rx out of band blocking however is not yet agreed.
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