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1 Introduction
In RAN4#74 once again there were a number of papers on the scaling of the UEM requirements. A number of papers proposed the idea of declared groups being used to define the scaling factor based on the AAS capability. This was summarised and a proposed method for defining groups was outlined in the way forward [1]. 
During offline discussions it became clear that misunderstanding was occurring due to misunderstandings about the architecture of the systems that group definitions were being applied to.

In this paper 12 reference implementations of AAS are suggested as a means of stable comparison for the different group definitions.
2 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 
2.1.1 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)

Transceiver units are single carrier and single band.
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2.1.2 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).
Transceiver units are single carrier and single band.
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2.1.3 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.

Transceiver units are single carrier and single band.
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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.
2.1.4 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 and single carrier frequency and MIMO path.
Transceiver units are single carrier and single band.
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2.1.5 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. Transceiver units are single band.
[image: image5.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

AP1, F2,B1,C1

AP2, F2,B1,C1

Transceiver 

Array 

boundary


2.1.6 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).
Transceiver units are multi carrier (2 carriers) and single band.
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2.1.7 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

Transceiver units are single carrier and single band.
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2.1.8 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.

Transceiver units are multi carrier (2 carriers) and single band.
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2.1.9 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.

Transceiver units are multi carrier (2 carriers) and single band.
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2.1.10 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.

Transceiver units are single carrier and single band.
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2.1.11 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.
Transceiver units are multi carrier (2 carriers) and single band.
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2.1.12 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.
Transceiver units are multi carrier (2 carriers) and single band.
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2.1.13 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.
Transceiver units are multi carrier (2 carriers) and single band.
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2.1.14 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.

Transceiver units are single carrier and single band.
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2.1.15 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).

Transceiver units are single carrier and multi band (2 bands)
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2.1.16 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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2.1.17 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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3 Summary

The following 12 example implementations have been shown with the intention that proposed methods for defining and declaring AASS capability for use with UEM scaling can be tested against these reference cases.

	Example
	Number of  MIMO /Diversity branches (NAP)
	Number of  Cells
(NC)
	Number of Freq carriers (per band)
(NF)
	Number of bands
(NB)
	Number of Physical groups
	TRX Unit Multi-carrier capable
	TRX Unit Multi-band capable
	Frequency Channels per physical group (or per TRX Unit)
	MIMO branches per Frequency carrier per physical group (or per TRX unit)

	1
	4
	1
	1
	1
	4
	No
	No
	1
	1

	2
	4
	1
	1
	1
	1
	No
	No
	1
	4

	3
	4
	1
	1
	1
	1
	No
	No
	1
	4

	4
	2
	1
	2
	1
	4
	No
	No
	1
	1

	4A
	2
	1
	2
	1
	4
	Yes
	No
	1
	1

	5
	2
	1
	2
	1
	1
	Yes
	No
	2
	2

	6
	2
	1
	2
	1
	2
	No
	No
	1
	2

	6A
	2
	1
	2
	1
	2
	Yes
	No
	1
	2

	7
	2
	1
	2
	1
	2
	Yes
	No
	2
	1

	8
	4
	1
	2
	1
	8
	No
	No
	1
	1

	8A
	4
	1
	2
	1
	8
	Yes
	
	1
	1

	9
	4
	1
	2
	1
	4
	Yes
	No
	2
	1

	10
	4
	1
	2
	1
	1
	Yes
	No
	2
	2

	11
	2
	3
	1
	1
	3
	No
	No
	1
	2

	12
	2
	1
	1
	2
	1
	Yes
	Yes
	2
	4

	13
	2
	1
	2
	2
	4
	Yes
	Yes
	2
	2

	13A
	2
	1
	2
	2
	4
	Yes
	No
	2
	2
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