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Introduction
In non AAS BS (complying to xx.104) specifications the unwanted emissions are specified applied to each transmitter connector (36.104 sec 6.1). The AAS BS may have many transceivers which are equivalent to a single or a number of non-AAS transmitter connectors. Therefore it is necessary to devise a method of transferring the unwanted emissions requirements from the non-AAS BS to the AAS BS requirements without either allowing excessive unwanted emissions or enforcing unnecessarily strict requirements on the AAS BS.
In RAN4#72 the way forward [1], on the subject of transmitter conducted unwanted emissions was approved, it has been agreed that:
1. The total unwanted emissions from a AAS BS shall be no higher than the total unwanted emissions from a non-AAS BS.
2. The minimum requirement shall be in the form of a power sum of the unwanted emissions of all transceivers defined for each AAS transceiver at the transceiver array boundary (TR37.842, sub-clause 4.3). Conformance can be demonstrated at:
a. Each AAS antenna connector at the transceiver array boundary by scaling the non-AAS requirement by -10log10(n), where n is the number of transmitters in the transceivers array in the AAS BS (i.e. number of AAS antenna connectors), or 
b. By adding the emissions power measured on each transceiver. 
3. Scaling of the minimum requirement by a factor N (i.e. +10 log10(N)) compared to the xx.104 per connector requirement is agreed, where the definition of N is FFS. 
This paper discusses the definitions used to describe the non-AAS transceivers, the layer 1 signals which provided MIMO transmission and how this can be applied to the AAS BS in order to achieve an equivalence definition between them so that scaling factors can be more easily defined.
Non AAS transmitters and AAS transmitters
Whilst it is understood that RAN4 does not wish to use RAN1 terms in its documents to describe things due to the complexities of maintaining common understanding, it is useful to understand the differences in the definitions of transceivers in both RAN4 and RAN1 specs to understand how N may be defined.
Definitions
RAN4 Definitions
A Non-AAS BS conforming to xx.104 states in §6
Unless otherwise stated, the requirements in clause 6 are expressed for a single transmitter antenna connector. In case of multi-carrier transmission with multiple transmitter antenna connectors, transmit diversity, DB-DC-HSDPA or MIMO transmission, the requirements apply for each transmitter antenna connector.
The antenna connector is defined as the physical connector on the BS cabinet (or external device).
RAN4 specs refer to the physical antenna ports; the following terms are all used:
· Antenna Connectors
· Test ports
· Antenna Ports
In each case they refer to the same physical point.
RAN1 definitions
In the RAN1 specifications physical transceivers are not considered, RAN1 specs never deal with the number of physical antennas at eNB or UE. The terms used are:
· Antenna port – defined by the reference signal transmitted on it, with a 1:1 mapping from each port to the RS it carries (if the RS is configured). An antenna port can comprise any number of physical antennas – L1 is not aware of the physical construction at all.
· Transmission/spatial layer – this is the classic MIMO spatial multiplexing capability, so e.g. an 8x8 system has up to 8 spatial layers, 4x4 has up to 4 spatial layers, etc. One spatial layer is mapped to one antenna port. 
· Codewords – one transport block from higher layers is mapped to one codeword in a subframe. There are at most 2 codewords per subframe. One codeword is mapped to up to 4 spatial layers. This does not support the maximum possible spatial multiplexing theoretically possible, but instead has some diversity gain by being able to map the same codeword to more than one layer and limits the CSI feedback overhead.
Some examples of the use of these terms in the requirements are given below:
36.201(LTE physical layer; General description) §4.2.1 states:
Transmission with multiple input and multiple output antennas (MIMO) are supported with configurations in the downlink with up to eight transmit antennas and eight receive antennas, which allow for multi-layer downlink transmissions with up to eight streams. 
In this case the downlink is referred to as having eight transmit antennas (BS) and eight receive antennas (UE), which allow for 8 streams.

	36.213 Table 7.1-5 shows the PDSCH Transmission Modes. Several of the TMs support multi-layer transmission, starting from Release 8. Taking the example of TM9:Mode 9
	DCI format 1A
	Common andUE specific by C-RNTI 
	· Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)
· MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2C
	UE specific by C-RNTI
	Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-antenna port, port 7 or 8 (see subclause 7.1.1)



Clearly the RAN1 interpretation of an Antenna port is not the same as the RAN4 interpretation which may cause some confusion.

Number of Transmission layers / Antenna connectors
In RAN1 documentation the maximum number of transmission layers for spatial multiplexing is currently 8.
RAN4 documentation does not reference spatial layers, however MIMO channel correlation matrices are defined in annex B5 and are defined for up to 4x4 MIMO.
Whilst the concept of a transmission layer in RAN1 and a physical TRX in RAN4 are not the same thing, they are clearly linked.
The following can be said to be true:
· In order to support 4 transmission layers the system must have at least 4 antenna connectors.
· The transmission layers and the antenna connectors do not have a 1:1 mapping.
· If a system has 4 antenna connectors it may transmit fewer than 4 layers.
It could be said therefore that the number of transmission layers a system can support represents the ‘minimum’ number of antenna connectors it has.
AAS
Treating the AAS as a black box, the AAS transceiver unit array provides at least the same functionality as the non-AAS transceivers, however inside the box the hardware is different.
This can be represented for the purpose of discussion as a conceptual diagram below:
[image: ]                   [image: ]
[bookmark: _Ref398625550]Figure 1. (a)Non-AAS system, (b) AAS system.
The radiation patterns shown for the AAS are the same as the non-AAS, this is a simple case, the advantage of the AAS being that it can manipulate the antenna patterns.
If it is accepted that the non-AAS system shown has 4 transceivers, and that the AAS system is its equivalent, then in order to be able to define the AAS system and have an equivalence to exiting Non-AAS systems then the AAS should also be described as having 4 transceivers.
Clearly the word transceiver is overused in this description and a definitive term is required.
Existing terminology is:
· Transceiver – A non-AAS transceiver conforming to xx.104 and having an antenna connector as its reference point (not currently defined explicitly in xx.104)
· (AAS) Transceiver unit Array – as defined in 37.842, As in Figure 1 (b)
· (AAS) Transceiver Unit - as defined in 37.842. A transceiver in the AAS transceiver unit array 
In order to achieve equivalence between the non-AAS and AAS systems an additional term is needed. It has been suggested in previous papers [2] to have a manufacturer declared parameter of ‘virtual transceivers’ this concept is very applicable to the unwanted emissions scaling requirement. One suggested definition is:
· (AAS) Virtual transceiver – A resource available from the AAS which provides a transmission layer for L1 through the transceiver unit array, which is equivalent to a transceiver in a non-AAS system.
Scaling
Once a form of equivalence has been defined then to achieve the aim of:
‘The total unwanted emissions from a AAS BS shall be no higher than the total unwanted emissions from a non-AAS BS.’
This now becomes a simpler task.
The AAS can be defined as having the capability for a number of virtual transceivers, and this number can represent the scaling factor N. 
Clearly the AAS would not have more virtual transceivers than L1 can support, or possibly it should have no more than xx.104 currently supports.
One possible definition is:
N = the number of virtual transceivers the ASS can support up to Nmax
Nmax = The maximum number of transmission layers as defined in 36.211§6.3 or the maximum number supported by xx.104 (TBC)
The AAS capability may be defined by its BB processing capability, a Transceiver unit array of 64 AAS transceiver units, may be capable of any number of virtual transceivers, however the BB in the system may only be capable of processing 4 transmission layers. 
As N increases so does the unwanted emissions limit, hence an AAS should be declared compliant over the range of virtual transceivers it is complaint with. The limit is then set based on the lower end of this declared range.
	Nmin = the lowest declared value of N for the AAS system.

Summary
The terminology to describe the transmission layers through the RAN1 and RAN4 specifications has been investigated and the same analysis has been applied to the AAS. The term virtual transceiver has been suggested to help achieve equivalence between the AAS system and the non-AAS system, with the goal of achieving equivalence between the non-AAS and the AAS unwanted emissions requirements.
Using the new definition of ‘virtual transceiver’ a method of defining a declared scaling factor N, with bounds on it maximum and minimum value has been suggested.
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