3GPP TSG-RAN WG4 Meeting #74bis

R4-151785
Rio, Brazil, 20 - 24 March, 2015

Source: 
Huawei

Title: 
Capability mapping to groups for conducted emission requirements
Agenda Item:
7.2.3
Document for:
Discussion
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 [13]  as shown by example in [7]. 

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.

This paper investigates the “Antenna Port” capability of the AAS BS.
2 Discussion
The definition of ‘Antenna Port’ from the RAN1 documentation is investigated and its applicability to be used for AAS capability is discussed. Each of the key capabilities identified so far (MIMO/TX Diversity, Frequency carriers, Operating bands, Geographical Cells) are investigated with regard to declared ‘Antenna Ports’.

The following definitions are used in this document to refer to the AAS capabilities:

MIMO/TX Diversity: referring to the number of transmission layers used for a single carrier.
Frequency carrier: referring to a carrier in a band (i.e. 2 carrier is 2 carriers in a single band)
Operating bands: referring to carriers in different bands (i.e. band 1 and band 5)
Geographic Cells: referring to a cell which is defined by it coverage (rather than its frequency or band)
All the above capabilities are separate Antenna Ports in terms of the RAN1 definition. However requirements vary depending on the implementation of multiple carriers in existing specifications that the term ‘Antenna Ports’ alone may not be sufficient to fully characterise the AAS capability. 
2.1 AAS capability
It is suggested that the AAS capability can be defined by the number of simultaneous ‘Antenna ports’ it can support. Antenna ports are defined in the RAN1 document [2].
2.1.1 Antenna Port definition

The DL Antenna port is defined in §6.2.1:
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. For MBSFN reference signals, positioning reference signals, UE-specific reference signals associated with PDSCH and demodulation reference signals associated with EPDCCH, there are limits given below within which the channel can be inferred from one symbol to another symbol on the same antenna port. There is one resource grid per antenna port. The set of antenna ports supported depends on the reference signal configuration in the cell:

-
Cell-specific reference signals support a configuration of one, two, or four antenna ports and are transmitted on antenna ports 
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-
MBSFN reference signals are transmitted on antenna port
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. The channel over which a symbol on antenna port
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is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols correspond to subframes of the same MBSFN area.

-
UE-specific reference signals associated with PDSCH are transmitted on antenna port(s) 
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,  or one or several of 
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. The channel over which a symbol on one of these antenna ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols are within the same subframe and in the same PRG when PRB bundling is used or in the same PRB pair when PRB bundling is not used.

-
Demodulation reference signals associated with EPDCCH are transmitted on one or several of 
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. The channel over which a symbol on one of these antenna ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols are in the same PRB pair.

-
Positioning reference signals are transmitted on antenna port
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. The channel over which a symbol on antenna port
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 is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only within one positioning reference signal occasion consisting of 
[image: image13.wmf]PRS

N

 consecutive downlink subframes, where 
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 is configured by higher layers.

-
CSI reference signals support a configuration of one, two, four or eight antenna ports and are transmitted on antenna ports 
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Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, and average delay. 

Finally in §6.10 it states

6.10
Reference signals

Six types of downlink reference signals are defined:

-
Cell-specific Reference Signal (CRS)

-
MBSFN reference signal

-
UE-specific Reference Signal (DM-RS) associated with PDSCH

-
DeModulation Reference Signal (DM-RS) associated with EPDCCH

-
Positioning Reference Signal (PRS)

-
CSI Reference Signal (CSI-RS)

There is one reference signal transmitted per downlink antenna port. 

Looking at the core definition of Antenna Port:

An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. There is one resource grid per antenna port.
This rather complicated sentence implies that an antenna port linked to the channel. This is reasonable when looking at a non-AAS architecture.  Diversity and MIMO schemes rely on the fact that the signals from each antenna are non-correlated, this can achieved by either polarisation or spatial separation of the antenna’s (or both). In a non-AAS system there is a one to one relationship between the number of antenna’s (and hence the maximum number of non-correlated spatial paths or spatial layers) and the number of transceivers. 
i.e. a 4x4 non AAS system, has 4 transmitters connected to 4 antennas (e.g. 2 spatially separated antennas with 2 polarisations each). This system can achieve 4 non-correlated spatial paths maximum and hence can support 4 simultaneous Antenna ports.

The other key point of the definition being that there is one resource grid per antenna port. However there may be a number of parallel resource grids per carrier. Hence it is possible that more than 1 antenna port can be transmitted on a single non-AAS transmitter at one time, i.e. a 4 TRX non-AAS system which is using 4 antenna’s to generate 4 non-correlated spatial paths may be transmitting >4 antenna ports.

Following are some practical example of configurations:

1. CRS: 1 port.
(1 spatial layer for PDSCH)

2. CRS: 2 ports.
(<=2 spatial layers for PDSCH, total 2 antenna ports. Practically, 2 non-AAS antennas.)

3. CRS: 4 ports.
(<=4 spatial layers for PDSCH, total 4 antenna ports. Practically, 4 non-AAS antennas.)

4. CRS: 2 ports + DM-RS: 4 ports.
(<=4 spatial layers for PDSCH, but total 6 antenna ports.)

5. CRS: 2 ports + DM-RS: 8 ports + CSI-RS 8 ports.
(<=8 spatial layers for PDSCH, but total 18 antenna ports.)

6. CRS: 4 ports + DM-RS: 4 ports + CSI-RS: 4 ports + EPDCCH DM-RS: 1 port.
(<=4 spatial layers for PDSCH, but total 13 antenna ports.)

7. CRS: 2 ports + DM-RS: 2 ports for UE1 + DM-RS: 2 ports for UE2 + EPDCCH DM-RS: 1 port for UE1 + EPDCCH DM-RS: 1 port for UE2.
(<=2 spatial layers for PDSCH per UE, but total 8 antenna ports. The PDSCH DM-RS to UE1 and UE2 are non-orthogonal.).

Absolute worst case , we could have:

8. CRS: 4 ports + DM-RS: 8 ports + CSI-RS: 8 ports + EPDCCH DM-RS: 4 ports
(<=8 spatial layers for PDSCH, but total of 24 antenna ports.)

Note 1: CSI-RS are used for CSI measurements in high order MIMO, CoMP, and small cell scenarios.

Note 2: EPDCCH DM-RS are separate from PDSCH DM-RS. There can be up to 4 EPDCCH DM-RS port sent by the eNB, but each UE only receives EPDCCH on one port at a time.

From example 4 onwards the number of antenna ports exceeds the number of spatial layers which the system provides.

Hence the number of antenna ports the system can support (at one time) is not a representative measure of the system capability.

2.1.2 Transmission Layers
Also in [2] there is a parameter called ‘transmission layers’ this is used in §6.3.3 where layer mapping is defined. In §6.3.3.2 the layer mapping for spatial multiplexing is defined (0 to 8) and in §6.3.3.3 the layer mapping for transmit diversity is defined (2 to 4).

This parameter is much closer to the defining the capability of the system with respect to the required number of non-AAS transmitters. And hence more suitable to when defining the equivalent capability of an AAS.
2.1.3 AAS transmission layer definition

Investigation of the non-AAS system has shown that there is a 1:1 relationship between the number of spatial layers the system is capable of supporting and the number of non-AAS transceivers required.

It has been shown that the definition and use of ‘Antenna port’ in [2] is not completely suitable to define the capability in terms of how many spatial layers the system is capable of transmitting, although the definition of antenna port contains a good definition of what a spatial layer is.
It has also been shown that the definition of a transmission layer used in [2] more accurately defines a spatial layer and hence the systems capability in terms of number transmission layers it can support is equivalent to the number of transceivers required in a non-AAS system.

As antenna port is not sufficient to accurately define the AAS capability it is suggested that a new parameter is defined to indentify the AAS capability.

AAS transmission layer An AAS transmission layer is defined such that the channel over which a symbol on the AAS transmission layer is conveyed can be inferred from the channel over which another symbol on the same AAS transmission layer is conveyed. The number of AAS transmission layer s supported is the greater of the maximum number of transmission layers supported for spatial multiplexing and/or transmit diversity. 
The number of AAS transmission layer s supported per carrier  is a declared capability.
2.1.4 Frequency channels
Whilst it has been argued that different frequency channels represent different antenna ports and hence can be considered under the same definition, it is clear that the requirements at the antenna connectors for multi-carrier Non-AAS BS deal with multiple carriers in different ways
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Figure 1. 2 carrier non-AAS system, a) 2x single carrier TRX, b) multi-carrier TRX
Both the non-AAS systems in Figure 1 generate the same wanted on air signal. However their unwanted emissions may be different. In [3] §6.6.3 the  difference between the requirements for (a) where each TRX is treated as a separate BS and is tested to xx.104 accordingly and (b) the transceiver is multicarrier.

With an AAS it is feasible that a similar situation could occur. Groups of transceivers could be split into single resources dealing with a single frequency channel or alternatively each transceiver may be multi-carrier. 
The methodology in the existing 104 requirements is sufficient to deal with the 2 cases, however the declaration of the system must be made in a way which can differentiate between the two.

The Transceiver units should be declared as having multi-carrier capability or single carrier, if multi-carrier then the number of carriers should also be declared.

2.1.5 Geographical Cells

One application of AAS which has been discussed is cell splitting. This can be done in either azimuth or elevation. In this case cells are referred to as geographical coverage areas. When an AAS is used to split cells it uses its ability to direct coherent radiation in a defined direction. However the coherence of unwanted emissions is unknown. It is possible however that an AAS may be designed to support multiple geographical cells
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Figure 2. 3 Sector implementations with non-AAA and AAS

In the 1st 2 implementations in Figure 2 it is quite clear that there are 3 systems (non-AAS and AAS) generating 3 sectors (cells). The 3rd implementation is a more complex AAS implementation using a conformal array, it is performing the same function as the other implementations i.e. 3 sectors, however it is not as clearly 3 separate systems.  For AAS implementations such as this it would seem reasonable to be able to declare this a 3 sector system.

It is proposed that the minimum number of cells be the figure declared, i.e. if the conformal system is declared as a 3 sector/cell system then it must be used as 3 sector or more.
2.2 Existing Requirements which distinguish Antenna Ports
There is one requirement in Non-AAS specifications [3] which requires the differentiation between different signals of different Antenna connectors and that is the TAE requirement. In the TAE requirement 2 antenna ports are configured.
As there already exists a test for Non AAS where it is necessary to distinguish between the signals which define the Antenna Ports. It would seem a means of verifying the AAS declared capability is feasible. In fact it is likely to be necessary as part of the TAE requirement. In the TAE test only 2 ports are needed to distinguish timing, it needs further investigation if it is possible to distinguish up to 8.
2.3 AAS Capability Summary

The capability of the AAS per carrier is declared by the number of AAS transmission layer s (ref §2.1.3). It has also been seen that an AAS may be capable of operating with multiple carriers (per band), multiple bands and multiple geographical cells.

The current 104 requirements apply per carrier, hence an AAS with multiple carrier, multiple bands and multiple geographical cell capability can be treated in the same way as the existing specifications. In 104 there are distinctions in requirements depending on how multi-carrier functionality is implemented and on how multi-band functionality is implemented. Some of these examples have been highlighted in [5], it is suggested that the principles of 104/141 will be applied in the same way for AAS. 

The total capability of an AAS in terms of logical AAS transmission layer s is the product of:

· The maximum number of AAS transmission layer s 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)
3 Capability mapping to Groups

Although the concept of AAS transmission layer s defines an AAS capability there is still the issue of how this capability is used to generate a definite requirement. A number of example AAS implementations have been described in [5]. Ultimately in any implementation it is necessary that the requirement can be applied to a physical entity, a piece of hardware and/or a connector. Hence it is necessary to define a ‘Physical Group’.
3.1 Physical groups
A suggested definition for a physic al Group is:

Physical group:  A unique set of transceiver units to which a requirement can be applied.

So a transceiver Unit can not belong to more than 1 group, however multiple AAS transmission layer s may be mapped to each physical group.

It is also necessary that each Physical group be defined as multi-carrier or multi-band.
4 Summary
The RAN1 definition of antenna ports has being investigated and found to not be sufficient to describe the capability of a BS to generate unique spatial layers suitable for MIMO and/or Tx diversity transmission. It is necessary to therefore create a new term to define this capability, the term “AAS transmission layer” has been suggested. The definition of Antenna port along with that for transmission layer used in RAN1 have been used as a basis for the following definition:

AAS transmission layer
An AAS transmission layer is defined such that the channel over which a symbol on the AAS transmission layer is conveyed can be inferred from the channel over which another symbol on the same AAS transmission layer is conveyed. The number of AAS transmission layer s supported is the greater of the maximum number of transmission layers supported for spatial multiplexing and/or transmit diversity. 
It is also necessary to be able to define groups of connectors (at the transceiver array boundary) which form a physical group to which requirements can be applied. It is suggested that these are referred to as ‘Physical Groups’ (GP), and each physical group is defined as either single or multi-carrier.
The defined terms have the following relationships:
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Figure 3. Mapping of capabilities to physical groups.
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