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Introduction
Transmitter grouping has been proposed, e.g. [1], as methodology for assigning equivalence between non-AAS and AAS base stations for the purpose of deriving unwanted emissions scaling factors. The scaling factors are used to derive conducted unwanted emissions requirements for AAS base stations from the emissions requirements agreed for non-AAS base stations. The methodology is envisioned as a process of assigning transmitters to groups based on use of those transmitters in implementing particular features (e.g. MIMO configurations), and then mapping the unwanted emissions requirements for a single non-AAS antenna connector to the group.
To proceed with the definition of this methodology, RAN4 must agree on rules for determining the number of groups and for determining how a transmitter participates in groups. Prior to the beginning of RAN4#74bis, the AAS rapporteur distributed a set of example AAS configurations [2] which maps transmitters to features, with the goal of gathering input from member companies on how those groupings should translate to unwanted emissions scaling factors.
The discussion in this paper responds to the rapporteur’s proposals along with notes regarding problems encountered in determining mapping between transmitters, groups and scaling factors. The rapporteur’s original text is entered in italic text, and our responses appear in non-italic text.
Discussion

Examples

In all cases a 16 TRX unit AAS is used. In each case the 16 TRX’s are used in different ways to produce various signals.

The following designations are used in the examples to indicate the functionality:


AP: Number of AAS applicable antenna ports per channel i.e. Number of MIMO or diversity branch per channel.


F: Carrier Frequency per band

B:  Band number


C: Geographical Cell number 

Example 1

Capability is defined by; 4 way MIMO (AP1-4), Single carrier Frequency (F1),  Single band (B1), Single cell (C1).

Transceiver units are spilt into 4 groups of 4, each group has a single MIMO channel (AP1- 4)  and carrier  (F1)
[image: image1.emf]16 TRX Units

TRX1 TRX2

TRX3 TRX4

TRX5 TRX6

TRX7 TRX8

TRX9 TRX10

TRX11 TRX12

TRX13 TRX14

TRX15 TRX16

AP1, F1, B1,C1

AP2, F1,B1,C1

AP3, F1,B1,C1

AP4, F1,B1,C1

Transceiver 

Array 

boundary


Nokia Networks response:
This example illustrates a system which logically maps to a 4-transmitter non-AAS system. Both the group number and the scaling factor should be 4.
Example 2

Capability is defined by; 4 way MIMO (AP1-4),  Single carrier Frequency (F1),  Single band (B1), Single cell (C1).

Similar to example 1, but in this case there is only a single physical group and each transceiver unit in the group deals with a single carrier (F1) but all 4 MIMO channels (AP1-4).
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Nokia Networks response:
This example illustrates a system which is capable of implementing 4×4 MIMO. A non-AAS base station requires 4 antenna connectors to implement a 4-layer MIMO configuration. This example exposes 4 groups and should therefore be assigned a group scaling factor of 4. 
Example 3.

Capability is defined by; 4 way MIMO (AP1-4),  Single carrier Frequency (F1),  Single band (B1), Single cell (C1).

Similar to example 1, and 2 however in this case the transceiver units are split into what looks like 2 overlapping groups with TRX1-12 used for AP1,2 and TRX5-16 used for AP3,4.
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A suggested interpretation could be:

For Overlapping physical groups the system can be thought of as follows:

· In this case logical groups 1&2 applied to TRX1-TRX12 and Logical groups 3&4 applied to TRX5-TRX16

· It looks like 2 physical groups but they overlap

· However think of Local groups 1&2 applied to all 16 TRX with weighting vector [1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0], and

· of Local groups 3&4 applied to all 16 TRX with weighting vector [0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1].

· Hence there is only one physical group (GP1)

As there is only 1 Physical group, this example is effectively the same as example 2.

Nokia Networks response:
This example illustrates a system which is capable of implementing 4×4 MIMO. A non-AAS base station requires 4 antenna connectors to implement this MIMO configuration. This example exposes 4 groups and should therefore be assigned a group scaling factor of 4.

It could be inferred in this example that the inner transmitters are driven harder than the edge transmitters. If the AAS unwanted emissions requirements are applied to transmitter groups rather than individual transmitters, this point is not important. However, if a decision is made to limit the unwanted emissions at the output of each transmitter, then this point may require further consideration in setting unwanted emissions requirements.
Example 4.

Capability is defined by; 2 way MIMO per carrier (AP1-2),  2 carrier frequencies (F1,F2),  Single band (B1), Single cell (C1).

The TRX units are split in 4 groups (similar to example 1) each group of 4 handles a single carrier frequency and MIMO path.

It is assumed that the TRXs do not have a multicarrier transmission capability.
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Nokia Networks response:
This example illustrates a system which would map to a non-AAS system employing at least two transmitters connected to two antenna connectors in order to transmit 2×2 MIMO. However, the assumption that the transmitters are not capable of multicarrier operation implies a mapping which requires distinct antenna connectors for the two carrier frequencies. An equivalent non-AAS system would require 4 antenna connectors. The group scaling factor should therefore be four.
Example 4A.

Capability is defined by; 2 way MIMO per carrier (AP1-2), 2 carrier frequencies (F1,F2),  Single band (B1), Single cell (C1).

The TRX units are split in 4 groups (similar to example 1) each group of 4 handles and single carrier frequency and MIMO path.

It is assumed that all TRXs are capable of multicarrier transmission and can transmit on either F1 or F2 or both.
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Nokia Networks response:
This example illustrates a system which would map to a non-AAS system employing at least two transmitters connected to two antenna connectors in order to transmit 2×2 MIMO. The multicarrier capability of the transmitters is only relevant if the remainder of system is also capable of multicarrier operation. An example of a system which is not capable of multicarrier operation is one in which either the RDN or antenna array (or both) is frequency selective and may only be capable of a narrow range of operation. This may be the case when covering frequency bands which have a wide frequency separation between e.g., the bottom and top of the frequency band. If this system is capable of multicarrier operation, and if it is possible that it could be reconfigured in the field for 2×2 MIMO operation in which all transmitters transmit both F1 and F2, then the group scaling factor is 2. If the system cannot be reconfigured in the field, then the group scaling factor is 4. 
Example 5.

Capability is defined by; 2 way MIMO per carrier (AP1-2),  2 carrier frequencies (F1,F2),  Single band (B1), Single cell (C1).

The TRX units in this case are multi carrier, each TRX unit handles all 4 signals (2 frequency carriers * 2 antenna ports per carrier).
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Nokia Networks response:
If all transmitters transmit both F1 and F2, then it is assumed that the entire array is capable of transmitting F1 and F2. Thus, the question in Example 4 regarding frequency selective antennas or RDN is answered negatively. Using the same analysis as Example 4 without the frequency selectivity question provides the answer that the scaling factor should be 2.
Example 6

Capability is defined by; 2 way MIMO per carrier (AP1-2),  2 carrier frequencies (F1,F2),  Single band (B1), Single cell (C1).

In this case the 16 TRX units are split into 2 groups, each group (of 8 transceiver units) handles a single carrier frequency but both of the MIMO branches

It is assumed that the TRXs do not have a multicarrier transmission capability.
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Nokia Networks response:
This example implements two carriers, with each carrier configured for 2×2 MIMO. As with example 4, due to the limitation on multicarrier transmission, an equivalent non-AAS implementation would be expected to require an additional set of antenna connectors. Thus, the scaling factor for the system (both transceiver groups) should be 4.
Example 6A

Capability is defined by; 2 way MIMO per carrier (AP1-2),  2 carrier frequencies (F1,F2),  Single band (B1), Single cell (C1).

In this case the 16 TRX units are split into 2 groups, each group (of 8 transceiver units) handles a single carrier frequency but both of the MIMO branches

It is assumed that all TRXs are capable of multicarrier transmission and can transmit on either F1 or F2 or both.
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Nokia Networks response:
The question regarding the capability of the entire system (including RDN and antenna elements) raised in Example 4A is relevant in determining the unwanted emissions scaling factor. If the system can be reconfigured in the field to transmit all frequencies on all transmitters, then the scaling factor should be 2. However, if the usable frequency range of the RDN and antenna elements prevents field reconfiguration to the entire band, then the scaling factor might reasonable set to 4.
Example 7.

Capability is defined by; 2 way MIMO per carrier (AP1-2),  2 carrier frequencies (F1,F2),  Single band (B1), Single cell (C1).

As with example 6 the 16 TRX units are split into 2 groups, however in this case each group (of 8 transceiver units) is a multi carrier unit handling 2 carriers but only 1 MIMO branch per carrier.
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Nokia Networks response:
The grouping in this example seems arbitrary. Transceivers are apparently “grouped” by physical location within the array. However, the grouping could have also been distributed by carrier or MIMO assignment. As with other cases, the 2×2 MIMO and multicarrier capability can be mapped to a non-AAS implementation with two antenna connectors. The scaling factor is therefore 2.
Example 8.

Capability is defined by; 4 way MIMO per carrier (AP1-4),  2 carrier frequencies (F1,F2),  Single band (B1), Single cell (C1).

The 16 transceiver units are spit into 8 groups (each of 2 TRX units), each group handles as single frequency carrier with a single MIMO branch.

It is assumed that the TRXs do not have a multicarrier transmission capability.
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Nokia Networks response:
This example is analogous to two non-AAS implementations, each transmitting 4×4 MIMO. A non-AAS implementation would require 8 antenna connectors to implement this example, so the scaling factor should be 8.
Example 8A.

Capability is defined by; 4 way MIMO per carrier (AP1-4),  2 carrier frequencies (F1,F2),  Single band (B1), Single cell (C1).

The 16 transceiver units are spit into 8 groups (each of 2 TRX units), each group handles as single frequency carrier with a single MIMO branch.

It is assumed that all TRXs are capable of multicarrier transmission and can transmit on either F1 or F2 or both.
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Nokia Networks response:
As with other examples, the capability of retuning the transmitters to different frequencies in the field suggests that the entire system should be compared to a single transceiver in terms of carrier frequency capability, provided that the RDN and antenna elements also have sufficient bandwidth to support all possible carrier assignments for the band in questions. Assuming all parts of the array have the same bandwidth, the 4×4 MIMO capability implies the use of least four antenna connectors in a non-AAS implementation, so the scaling factor is 4.
Example 9

Capability is defined by; 4 way MIMO per carrier (AP1-4),  2 carrier frequencies (F1,F2),  Single band (B1), Single cell (C1).

In this case there are 4 physical groups (each consisting of 4 TRX units), each transceiver unit in this case is multi carrier, and handles 2 carriers with 1 MIMO branch (AP) per carrier.
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Nokia Networks response:
The multiple frequency aspect of the system is only relevant to the scaling factor discussion if the implementation limits the frequency range of the combination of transceivers, RDN and antenna element array. As noted previously, frequency selectivity of the RDN or antenna element array components may be problematic for very wide frequency bands. In these cases, it is reasonable to treat transceiver groupings as separate if the purpose of grouping transmitters is necessary for overcoming frequency band challenges. Otherwise, if the entire system is capable of operation on any channel assignment with the band, the multiple frequency aspect is not relevant.


Based on this consideration and assuming no frequency limitations due to the RDN or antenna elements, the scaling factor for this example can be set at 4.
Example 10.

Capability is defined by; 4 way MIMO per carrier (AP1-4),  2 carrier frequencies (F1,F2),  Single band (B1), Single cell (C1).

In this case there is only a single physical group, each transceiver unit is multi carrier and handles both frequency carriers and all 4 MIMO branches per frequency carrier.
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Nokia Networks response:
The relevant aspect of this example, ignoring any possible limitations due to the RDN or antenna element array, is support of 4×4 MIMO. The scaling factor is therefore set at 4.
Example 11.

Capability is defined by; 2 way MIMO per carrier (AP1-2),  Single carrier frequency (F1),  Single band (B1),Minimum 3 Geographical cells (C1-3).

In this case there are a total of 18 transceiver units (not 16), There are 3 physical groups of 6 transceiver units each, the transceiver units in each group handle a single carrier and both MIMO channels.
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Nokia Networks response:
A non-AAS system would require 2 antenna connectors for each of the three cells to support 2×2 MIMO in each cell. The scaling factor is 6.
Example 12

Capability is defined by; 2 way MIMO per carrier (AP1-2),  Single carrier frequency per band (F1),  Dual band (B1,B2), single cells (C1).
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Nokia Networks response:
This example is equivalent to a multiband non-AAS implementation requiring an antenna connector for each of the MIMO branches. The scaling factor should be 2, but applies to the multiband unwanted emissions limits as specified by TS 37.104. 
Example 13.

Capability is defined by; 2 way MIMO per carrier (AP1-2),  2 carrier frequencies (F1,F2) per band,  Two bands (B1, B2), Single cell (C1).

The TRX units are split in 4 groups (similar to example 1) each group of 4 handles and single band, both carrier frequencies and a single MIMO path.

It is assumed that all TRXs are capable of multicarrier and multiband transmission and can transmit on either F1 or F2 or both on either band.
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Nokia Networks response:
Multiband operation implies that the unwanted emissions requirements are derived from TS 37.104. 2×2 MIMO support implies a scaling factor of at least 2. The significance of the intra-band multicarrier support depends on (as noted previously) the frequency range of all components of the transmitter chain. If all components are capable of supporting the full bands of interest, then there is no impact on the scaling factor. Otherwise, if the frequency selectivity of those components require a split-band approach to the system design, then those limitations may contribution to an addition 2× scaling factor.
Example 13A.

Capability is defined by; 2 way MIMO per carrier (AP1-2), 2 carrier frequencies (F1,F2) per band,  Two bands (B1, B2), Single cell (C1).

The TRX units are split in 4 groups (similar to example 1) each group of 4 handles and single band, both carrier frequencies and a single MIMO path.

It is assumed that all TRXs 1-8 are capable of multicarrier transmission in the first band only, and TRX 9 – 16 are capable of multicarrier transmission in the second band only.
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Nokia Networks response:
In this case, the transmitters supporting B1 are logically distinct from the transmitters supporting B2. Combined with the 2×2 MIMO support, the scaling factor for this example should be 4.
Conclusions
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