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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]. 
This option uses a concept of transceiver group(s) which are declared based on an AAS capability or set of AAS capabilities which may include MIMO, cell splitting, transmit diversity and multicarrier transmissions. 

Off line discussion suggests that all of the capabilities can be represented by declared  “RAN 1 ports” or “Antenna Port” capability, meaning the ports defined by the RAN1 specifications Error! Reference source not found.  as shown by example in Error! Reference source not found.. 

A suggested brief description of a “RAN1 port” or “Antenna Port” is

A MIMO layer or a Tx diversity branch in a cell characterised by being measurable as a distinct downlink signal as having a CRS or DRS.

Non-AAS beam forming modes (e.g.TM7, TM8) with multiple antenna connectors per Antenna Port which define one or “Antenna Ports” may need to be excluded from the capability definition. 

A suggested procedure to identify the values declared is offered as a starting point:

1. Identify the “Antenna Port” capability (or equivalency) of the AAS

a. It is assumed the number of ‘Antenna Port(s)’ is the total capability i.e. MIMO layers * number of carrier * number of cells etc…

2. Map the identified “Antenna Port” capability ports to the AAS hardware

3. Group the hardware (i.e. Transceiver units) into groups which generate the different “Antenna port(s)” 

4. For each group count how many “Antenna Port(s) it generates.

a. Implementations where groups partially overlap need to be clarified.

For each group the requirement is the xx.104 requirement multiplied by the number of Antenna Ports identified in step 4.How the requirement is then applied to either the system or group or transceiver unit is not influenced by this procedure.

In [1] an approach was suggested which enables the declaration of the AAS capability based on a number of parameters.
· The maximum number of AAS Ports per channel (MIMO/Tx Diversity ports), (NAP)

· The number of frequency carriers, (NF)

· The number of Frequency bands, (NB) 

· The min number of geographical cells, (NC)

As well as declarations about the Transceiver units which include:
· Number of Physical groups

· Multi/single carrier capability

· Multi/single band capability

A number of example AAS implementations have been generated and discussed (via the AAS reflector) in [2], in this document the methodology for creating a UEM requirement based on the declared parameters is explained and applied to the examples for clarity.

2 Discussion
In [1] an AAS port was defined as follows:
An AAS port is defined such that the channel over which a symbol on the AAS port is conveyed can be inferred from the channel over which another symbol on the same AAS port is conveyed. The number of AAS ports supported is the greater of the maximum number of transmission layers supported for spatial multiplexing or transmit diversity. The maximum number of AAS ports per carrier is [8].
Hence the declared capability of the AAS is the maximum number of  AAS ports it can provide (NAP).
Multi-carrier and multi-band requirements vary depend on the physical implementation, these distinctions are already described in 36.104 and 37.104. The same methodology in dealing with multi-carrier and multi-band should be used for AAS.
Depending on the physical grouping in some cases it may be necessary to multiply the capabilities to get an N total, and this forms a useful number to compare different methodologies for defining the UEM requirements. From the existing xx.104 requirements however it is clear that requirements are applied per band hence this is not included in the N total.

Also in [1] a Physical group is defined:
Physical group:  A unique set of transceiver units to which a requirement can be applied.

Capability declarations are used to set the requirement level which is then applied to a Physical Group. 
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Figure 1. Capability definition and application to physical groups.

The required declarations should define the AAS capability, the method (algorithm) used to derive the UEM requirements should be based on the declarations. If the method should not be open to interpretation hence it should be clear how the declarations should be made and how they are applied.
2.1 Examples

Over the course of discussions there have been many examples of implementations discussed and the group concept must be applicable for all. Below a list of examples are investigated and the required declarations and interpretation investigated.

A 16 TRX unit AAS is used in most cases with the exception of example 11 where 18 are used (as a multiplier of 3 is required)
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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NAP = 4

NF = 1

NC = 1

NB = 1

NGp = 4.

Multi-carrier = No => NF/G = 1

Multi-band = No => NB/G = 1

(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (4*1*1*1) / (4*1*1) = 1

NSystem/Band = NGroup * NGp  = 1*4 = 4

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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boundary


NAP = 4

NF = 1

NC = 1

NB = 1

NGp = 1.

Multi-carrier = No => NF/G = 1

Multi-band = No => NB/G = 1

(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (4*1*1*1) / (1*1*1) = 4

NSystem/Band = NGroup * NGp  = 4*1 = 4

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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NAP = 4

NF = 1

NC = 1

NB = 1

NGp = 1.

Multi-carrier = No => NF/G = 1

Multi-band = No => NB/G = 1

(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (4*1*1*1) / (1*1*1) = 4

NSystem/Band = NGroup * NGp  = 4*1 = 4

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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NAP = 2

NF = 2

NC = 1

NB = 1

NGp = 4.

Multi-carrier = No => NF/G = 1

Multi-band = No => NB/G = 1

(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (2*2*1*1) / (4*1*1) = 1

NSystem/Band = NGroup * NGp  = 1*4= 4

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.
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NAP = 2

NF = 2

NC = 1

NB = 1

NGp = 4.

Multi-carrier = Yes => NF/G = 2

Multi-band = No => NB/G = 1

(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (2*2*1*1) / (4*2*1) = 0.5

NSystem/Band = NGroup * NGp  = 0.5*4 = 2

IN this example the transceivers are declared as multi-carrier but are not being used as such. It is the capability in the declaration which is important (i.e. that they are multi-carrier). The particular use case does not very well use the capability of the system – and would perhaps not be a good set up to show conformance. It also comes up with NGroup=0.5 which is a non integer, however it is a good example to show how to apply the declarations independent of the exact set up.

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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NAP = 2

NF = 2

NC = 1

NB = 1

NGp = 1.

Multi-carrier = Yes => NF/G = 2

Multi-band = No => NB/G = 1

(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (2*2*1*1) / (1*2*1) = 2
NSystem/Band = NGroup * NGp  = 2*1 = 2

This example is a more appropriate configuration for the multi-carrier example I example B, however the system requirement is the same showing that the requirement extracted from the declaration is suitable in both cases.

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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NAP = 2

NF = 2

NC = 1

NB = 1

NGp = 2.

Multi-carrier = No => NF/G = 1

Multi-band = No => NB/G = 1

(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (2*2*1*1) / (2*1*1) = 2

NSystem/Band = NGroup/Band * NGp  = 2*2 = 4

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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NAP = 2

NF = 2

NC = 1

NB = 1

NGp = 2.

Multi-carrier = Yes => NF/G = 2

Multi-band = No => NB/G = 1

(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (2*2*1*1) / (2*2*1) = 1
NSystem/Band = NGroup/Band * NGp  = 1*2 = 2

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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NAP = 2

NF = 2

NC = 1

NB = 1

NGp = 2.

Multi-carrier = Yes => NF/G = 2

Multi-band = No => NB/G = 1

(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (2*2*1*1) / (2*2*1) = 1

NSystem/Band = NGroup/Band * NGp  = 1*2 = 2

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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NAP = 4

NF = 2

NC = 1

NB = 1

NGp = 8.

Multi-carrier = No => NF/G = 1

Multi-band = No => NB/G = 1

(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (4*2*1*1) / (8*1*1) = 1

NSystem/Band = NGroup/Band * NGp  = 1*8 = 8

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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NAP = 4

NF = 2

NC = 1

NB = 1

NGp = 8.

Multi-carrier = Yes => NF/G = 2

Multi-band = No => NB/G = 1

(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (4*2*1*1) / (8*2*1) = 0.5

NSystem/Band = NGroup/Band * NGp  = 0.5*8 = 4

This example is similar to 4A, the use case in the example does not use the system to the full extent of its declaration, in that the transceiver units are declared as multi-carrier but are only used as single carrier. The specification limit however is consistent with the declarations.

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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NAP = 4

NF = 2

NC = 1

NB = 1

NGp = 4.

Multi-carrier = Yes => NF/G = 2

Multi-band = No => NB/G = 1

(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (4*2*1*1) / (4*2*1) = 1

NSystem/Band = NGroup/Band * NGp  = 1*4 = 4

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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NAP = 4

NF = 2

NC = 1

NB = 1

NGp = 1.

Multi-carrier = Yes => NF/G = 2

Multi-band = No => NB/G = 1

(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (4*2*1*1) / (1*2*1) = 4

NSystem/Band = NGroup/Band * NGp  = 4*1 = 4

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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NAP = 2

NF = 1

NC = 3

NB = 1

NGp = 3.

Multi-carrier = No => NF/G = 1

Multi-band = No => NB/G = 1

(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (2*1*3*1) / (3*1*1) = 2

NSystem/Band = NGroup/Band * NGp  = 2*3 = 6

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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NAP = 2

NF = 1

NC = 1

NB = 2

NGp = 1.

Multi-carrier = No => NF/G = 1

Multi-band = Yes  =
(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (2*1*1*2) / (1*1*2) = 2
NSystem/Band = NGroup/Band * NGp  = 2*1 = 2

Requirement is per band, each band is treated as per multi-band in 36.104, 37.104
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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boundary


NAP = 2

NF = 2

NC = 1

NB = 2

NGp = 4.

Multi-carrier = Yes => NF/G = 2

Multi-band = Yes  => NB/G = 2
(NAP*NF*NC*NB) / (NGp *NF/G* NB/G)  

= (2*2*1*2) / (4*2*2) = 0.5
NSystem/Band = NGroup/Band * NGp  = 0.5*4 = 2

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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NAP = 2

NF = 2

NC = 1

NB = 2

NGp = 4.

Multi-carrier = Yes => NF/G = 2

Multi-band = No => NB/G = 1

NGroup/Band = (NAP*NF*NC*NB) / (NGp *NF/G* NB/G)
= (2*2*1*2) / (4*2*1) = 1
NSystem/Band = NGroup/Band * NGp  = 1*4 = 4
In this example the 2 bands can be separated by physical groups, so could almost be regarded as separate systems.
3 Summary

The AAS UEM requirement is based on a number of declarations based on the AAS capabilities and some further declarations about the physical implementation. From these the Requirement per group and/or per system can be derived by measn of an algorithm.

Declare capability parameters

· The maximum number of AAS Ports per channel (MIMO/Tx Diversity ports), (NAP)

· The number of frequency carriers, (NF)

· The number of Frequency bands, (NB) 

· The min number of geographical cells, (NC)

Declared Implementation properties

· Number of Physical groups (NGp)

· Multi/single carrier capability (Multi-carrier = yes/no) 

· Multi-carrier capability (per group) or Number of Carriers per Group (NF/G)

· Multi/single band capability (Multi-band = yes/no)

· Multi-band capability (per group) or Number of Band per Group (NB/G)

From these parameters the multiplication factor for UEM requirement per band can be calculated for each Physical group and the whole system by the following algorithms;

N per Group per band (NGroup/Band) represents the number the  xx.104 requirement is multiplied by for that Physical group.
NGroup/Band = (NAP*NF*NC*NB) / (NGp *NF/G* NB/G) 

N per system per band (NSystem/Band) represents the number the  xx.104 requirement is multiplied by for System.
NSystem/Band = NGroup/Band * NGp  

Multi-band systems are declared as such and the appropriate multi band methodology from xx.104 is applied.
The examples yield the following requirements:
	Ex.
	Capability Declarations
	Implementation declarations
	Requirement

	
	Number of  MIMO /Diversity branches
	Number of  Cells
	Number of Freq carriers (per band)
	Number of bands
	Number of Physical groups
	TRX Unit Multi-carrier capable
	Number of carriers per Group
	TRX Unit Multi-band capable
	Number of bands per Group
	N per group
	N per system

	
	NAP
	NC
	NF
	NB
	NGp
	
	NF/G
	
	NB/G
	
	

	1
	4
	1
	1
	1
	4
	No
	1
	No
	1
	1
	4

	2
	4
	1
	1
	1
	1
	No
	1
	No
	1
	4
	4

	3
	4
	1
	1
	1
	1
	No
	1
	No
	1
	4
	4

	4
	2
	1
	2
	1
	4
	No
	1
	No
	1
	1
	4

	4A
	2
	1
	2
	1
	4
	Yes
	2
	No
	1
	0.5
	2

	5
	2
	1
	2
	1
	1
	Yes
	2
	No
	1
	2
	2

	6
	2
	1
	2
	1
	2
	No
	1
	No
	1
	2
	4

	6A
	2
	1
	2
	1
	2
	Yes
	2
	No
	1
	1
	2

	7
	2
	1
	2
	1
	2
	Yes
	2
	No
	1
	1
	2

	8
	4
	1
	2
	1
	8
	No
	1
	No
	1
	1
	8

	8A
	4
	1
	2
	1
	8
	Yes
	2
	No
	1
	0.5
	4

	9
	4
	1
	2
	1
	4
	Yes
	2
	No
	1
	1
	4

	10
	4
	1
	2
	1
	1
	Yes
	2
	No
	1
	4
	4

	11
	2
	3
	1
	1
	3
	No
	1
	No
	1
	2
	6

	12
	2
	1
	1
	2
	1
	No
	1
	Yes
	2
	2
	2

	13
	2
	1
	2
	2
	4
	Yes
	2
	Yes
	2
	0.5
	2

	13A
	2
	1
	2
	2
	4
	Yes
	2
	No
	1
	1
	4
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