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1 Introduction
During RAN5#78bis a CR proposing a change in the description of the co-location IMD interfere reference level was proposed in [1]. The reason for the change was given as:
The first version of the TS 37.105 do not incorporate latest changes on the transmitter intermodulation requirement, as they were approved for the TS 25.104, TS 36.104 and TS.37.104
And the consequence:

The TX intermodulation requirement will not be in line with other TS
During the meeting we did not accept that this was sufficient reasoning for a change and requested the chance to study if such a change was justified.

2 Discussion

2.1 Co-location IMD

Whilst it is the case that the intention of the AAS requirements is that an AAS offers the same level of both protection and minimum performance as the non-AAS specifications and as such many of the requirements look very similar, the requirements themselves are applied to a different architecture and a different reference point. The AAS conducted requirements for the TAB connectors should not necessarily have to be exactly the same as the non-AAS equivalents only the starting assumptions of protection and minimum performance should be the same.

In the case of co-location IMD the interference level is based on a number of assumptions:
1. A co-located interfering system is likely to be of the same class and output power as your own BS.

2. The minimum coupling factor between the 2 systems is 30dB.

Looking at the 1st assumption:

For a non-AAS system this seems like a reasonable assumption, the power at the antenna connector is effectively the same as the TRP for that transceiver and 2 systems operating on the same location are likely to cover similar areas and hence a co-located system would have a similar TRP.

In an AAS BS, the architecture is such that there are a number of possible power to consider:


Power per TAB connector 

Total system Power

Neither of these powers are a reasonable approximation of the equivalent non-AAS system

Compare an 8*16W non-AAS system with a 64*2W AAS system, both have a total power of 128W, both have the capability of using 8 MIMO branches. 

For the non-AAs system the reference power for the IMD would be 16W or 42dBm per antenna connector.

For the AAS system:  the power per TAB connector would be 2W or 33dBm, the total system power would be 128W or 51dBm
It can be seen neither of the AAS power definitions represent the assumed power of the interferer.

In the AAS system the emissions cap (or scaling) is applied based on the 8 MIMO branch limit and is given by:


NTXU, counted = min(NTXU,active , 8·Ncells) for E-UTRA single RAT AAS BS and MSR AAS BS (except UTRA only MSR AAS BS)

In this case NTXU, counted would be 8.

So effectively the assumed power of a co-located system for the AAS should be Total system power / NTXU, counted
Looking at the 2nd assumption:

The coupling factor between 2 antenna’s has always been assumed to be 30dB, during the AAS WI it was attempted to both track down the conditions of this assumption and verify if it was still valid for an AAS. One difference between the AAS and the non-AAS is

· In non AAS the coupling is between 2 arrays (if we assume a wide are BS with 3 sector deployment). 

· In AAS the coupling (defined at the conducted interface) may be the same as non –AAS but is also likely to be between the co-located system array and the AAS system antenna element (one part of the array).

This issue was discussed at length during the WI and 2 arguments emerged:

1. Based on measurements between an array and elements of a co-located array the coupling between the array and the element was much greater than the 30dB assumption, it was in general >50dB

2. As the number of TAB connectors (and associated TRX Units) in the AAs goes up then the power per TAB connector goes down, but at the same time the gain of the radiating array, sub-array of element it is connected to goes down. In addition as the number of TAB connectors goes up then the distance (and hence coupling factor) between each element and the interfering co-located array goes up (coupling factor down).
AAS requirement
After much discussion the eventual decision was a compromise, by using the power per TAB connector -30dB, the performance of a simple AAS  (a non-AAS connected to an antenna in a single enclosure) would be guaranteed to be the same as the non-AAS became more complex and as the number of TRX units increased, the falling power of the interferer power TABC connector due to the falling power of the power per TAB connector is justified by the lower level of coupling in such a system.

As such the final requirement was simple and looked the same as the non-AAS specification.

Reference Power

The issue is whether this power should be the power of a carrier or the power of all the carriers in a multi-carrier system is the subject of some discussion for the non-AAS specifications as there were different interpretations as to the meaning of the way the reference power was referred to. In the AAS specification, there is no such room for misunderstanding the reference is clearly referred to as the carrier power which is consistent with the description of how the assumption is derived as it is the power of the carrier which defines the cell size and also the power which is limited by the BS power classification declaration.

However, it is likely that a system that can produce multiple carriers could also use all the power for a single carrier, so in practice it is not likely to make a difference to the power used as a reference, hence it is reasonable that the AAS makes the same assumption as the non-AAS that it is the power of all the carriers in the operating band which is used as the reference.
2.2 Intra-system IMD
AAS also has a new requirement based on the fact that the RDN and antenna array is part of the architecture, this is the intra-system IMD requirement.

Whilst this is somewhat separate to the co-location requirement there are some thinks linking them which should be considered.
It is stated in 37.105 subclause 6.7.1

For AAS BS, the co-location transmitter intermodulation requirement is considered sufficient if the interference signal for the co-location requirement is higher than the declared interference signal for intra-system transmitter intermodulation requirement.

The proposed change to the co-location requirement is that the interferer power is changed to PRated,t,TABC-30dB from PRated,c,TABC-30
Assuming that PRated,t,TABC is greater than PRated,c,TABC (it must be greater or equal, if equal then no change so does not need investigating).

In this case the co-location interfere level is larger, so the point at which the intra-system requirement becomes an issue is higher. However the justification for this is the same (the co-location dominates up to this point), so this is ok.

The interference signal for the intra-system requirement is a declared parameter, from 37.105 sub-clause 6.7.5.2:

Table 6.7.2.5-1: Interfering and wanted signals for
intra-system transmitter intermodulation requirement

	Parameter
	Value

	Wanted signal type
	E-UTRA or UTRA

	Interfering signal type
	E-UTRA or UTRA signal of the same channel bandwidth as the wanted signal (note 1).

	Interfering signal level
	Power level declared by the base station manufacturer (note 2).

	Frequency offset between interfering signal and wanted signal
	0 MHz

	NOTE 1:
The interfering signal shall be incoherent with the wanted signal.

NOTE 2:
The declared power level is the maximum interference power level caused by intra-system RF power leakage. 


The declaration is defined in the conformance specification (37.145 part 1) as:

	D6.44
	Intra-system interference signal level
	The interference signal level in dBm per TAB connector declared for each supported operational band, for all TAB connectors covered by D6.43


It would seem based on the confusion over the co-located interfere definition, this description is perhaps not clear enough. In the TR (TR37.842 sub-clause 8.1.5.2) the interfere declaration is described as

The manufacturer shall 
declare: 

· Either 
a maximum interference signal level for testing equal to the maximum intra array leakage power for each TAB connector in the transceiver array boundary for each operating band supported by the AAS BS.

· Or the maximum interference signal level for testing equal to the leakage power 
of the TAB connector experiencing the most leakage power in the array to be applied for all TAB connectors.

Further alternative declarations under certain circumstances are FFS.
The maximum leakage power at each TAB connector at the Transceiver Array Boundary is the sum of the leakage power coupled via the combined RDN and Antenna Array from all the other TAB connectors, but does not comprise power radiated from the Antenna Array and reflected back from the environment. All TAB connectors shall be transmitting at their maximum output power.
This is also not clear as to the nature of the reference power for the interference, so that the declaration can be made correctly and consistently it is important that the nature of the reference power for the co-channel signal is defined more clearly also.

Whilst it is not explicit there is a link between co-location and intra-system IMD interference levels and hence if there is ambiguity then the likely interpretation on the intra-system interference power would be that it has the same reference as the co-location.  Hence a change in the co-location interferer description should also be analyzed for the intra-system.

Currently the intra system level under the same assumption as co-location is that PRated,c,TABC is used as the reference power.

This seems a reasonable assumption as intra-BS is a co-channel test, only 1 carrier can be co-channel so the power of a single carrier seems to be the correct choice

If the intra-system reference power changes the same as the proposed co-location reference changes then PRated,t,TABC is used.

In this case the intra-system IMD requirement effectively becomes tougher (by the ratio of the total carrier power to the single carrier power).

As the multiple carriers cannot be co-channel then this tightening of the requirement does not seem justified.

It is proposed that if the proposed co-location change is made then the definition of the intra-system interfere is also made more clear and that the proposed change does not also effect the intra-system level.
3 Summary

The proposed change to the co-location IMD requirement has been investigated with the following findings:

· The change to the co-location requirement is acceptable.

· The intra-system requirement should not change accordingly and this should be clarified along with any change to the co-location requirement.
As the intra-system level is not defined in the core spec (it is identified only as a declared value and not the nature of the declaration), these changes should first be done in the TR before CR’s to 37.105 can be agreed.
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