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1 Introduction

During RAN4#73 and previous meetings, the topic of how to scale unwanted and spurious emissions requirements has been discussed and several proposals have been considered. A summary of the proposals was put together at RAN4#73 [1]. 
This document re-presents the summary of the proposals thus far, including the additional proposal that emerged during the RAN4 meeting. Some general aspects that should be considered for setting emissions requirements are then discussed in order to enable further evaluation of the proposals.
2 Summary of existing proposals for emissions scaling
It has already been agreed that the total emissions will be based on the current per radio emissions requirements, scaled up by a scaling factor N. The total emissions requirement is then met either by means of the sum of the emissions from all AAS transceivers being less than the total limit, or by means of each individual AAS transceiver meeting an individual requirement based on the total limit scaled by 10log(n).

It has also been agreed that the total emissions should be no greater than for a “non AAS base station” [2]:

1. The total unwanted emissions from a AAS BS shall be no higher than the total unwanted emissions from a non-AAS BS.

During RAN4#73, 4 options were mentioned for how to scale emissions:

Option 1:

Set N= min (# of transmitters, Z)

Z is a single value that is fixed in the specifications at (e.g. 2 or 4). The value of Z should be chosen such that the emissions from AAS base stations do not exceed base stations that are typically deployed today. According to this proposal, emissions from AAS base stations will be no worse than typical non AAS base stations. There is no attempt to identify some sort of specifically “equivalent” non AAS base station to a specific AAS base station. By following this proposal, the emissions will not grow with the number of transceivers or MIMO layers.
Option 2:

Set N = declared maximum capability of MIMO layers

A MIMO layer is the same as a RAN1 antenna port; i.e. a signal that is identifiable by a UE. The E-UTRA specifications support up to 8 MIMO layers and UTRA a maximum of 4. Typical deployments in both cases involve a lower number of MIMO layers than the maximum supported by the specification.
This option aims to achieve some sort of equivalency between each specific AAS base station and a non AAS base station by means of setting the emissions requirement to be the same as for a legacy base station capable of the maximum MIMO capability of the AAS. Apart from it’s MIMO capability, the AAS base station may also have other capabilities that a non AAS base station would not have; e.g. cell splitting, variable downtilt etc. Thus “equivalence” between an AAS and non AAS base station is on the basis of one aspect of functionality.
The option is obviously pretty lenient towards AAS base stations that are operating at lower than their maximum MIMO capability. It could indeed be argued that if a base station operating with, for example 4 stream MIMO is allowed an emissions limit 8 times higher than the current xx.104 limit on the basis that it is capable of being configured with 8 layer MIMO, then it is operating with higher emissions than a non AAS BS (with 4 layers). It is furthermore not clear on what basis the declaration of a maximum number of MIMO layers should be made; whether this declaration depends only on the RF hardware or also on the potential future baseband capabilities.
Option 3:

Set N = declared minimum configurable number of MIMO layers

This proposal aims to achieve some sort of equivalence between AAS base stations and non AAS base stations by means of requiring emissions for the AAS base station to be equivalent to those of a non AAS base station with the minimum configurable number of MIMO layers of the AAS base station. It should be noted that in this case, the “equivalent” non AAS base station would not be capable of a higher number of MIMO layers than this minimum; this it would not be “equivalent” to the AAS base station for any other MIMO configuration.
This option is clearly more stringent than option 2. What is not clear with this option is on what basis the “minimum” MIMO capability should be identified. Both UTRA and E-UTRA specifications allow for a minimum MIMO capability of 1 layer. However in both cases a system with e.g. cross polarisation may well never be intended to be operated with 1 layer (in the UTRA case, apart from the standardised MIMO scheme, virtual precoding may be used to achieve transmission over both polarisations). During the discussions at RAN4#73, it was considered whether, for a cross polarised system this option equates to assuming N=2.

Option 4: 

Declare “Equivalent Antenna Connectors” and apply the total emissions limit to each equivalent antenna connector.

This option was presented late in the meeting in a slideset circulated by NEC (there is no formal TDOC for this slideset; the slideset is attached in the references section).

In this proposal, the transmitters that are responsible for generating each MIMO layer are identified and the current requirement is applied to each individual group of transmitters. This proposal allows for greater flexibility in allocating emissions requirements, however several more considerations are required in order to ensure that the option would be workable in all circumstances; these are discussed in section 4.
3 Some general considerations
This section outlines some general considerations that need to be taken into account

Definition of an “equivalent” non AAS base station
The agreed WF “The total unwanted emissions from a AAS BS shall be no higher than the total unwanted emissions from a non-AAS BS." is somewhat ambiguous in that it does not identify what is meant by a “non AAS BS”. In options 2 and 3, there is an attempt to identify a particular type of “non AAS base station” that is in some way equivalent to the AAS base station based on the MIMO capability. However in both cases, the actual number of MIMO layers that an AAS base station is configured to operate with may differ from it’s maximum/minimum capability. Apart from the MIMO capability, the AAS base station may have other capabilities (e.g. cell splitting) that cannot be mapped to a non AAS base station.
Thus, in identifying a specifically equivalent “non AAS base station”, equivalency must be assumed on the basis of one characteristic of the AAS. Even if the AAS implements further, advanced functionality that requires a larger amount of transmitters than are required for supporting the MIMO functionality alone, the requirement still remains tied to that of a non AAS MIMO base station with less functionality.

If attempting to draw equivalency between non AAS and AAS, apart from the number of MIMO layers, there is a need to consider a couple of further aspects, such as the number of cells that the equivalent “non AAS base station” supports and the mapping of radios to carriers for the equivalent non AAS, as discussed below.
Option 1 does not attempt to define a type of non AAS base station that is specifically equivalent to a type of AAS base station functionality. Instead, the aim is to achieve an emissions requirement for AAS base stations that is no greater than that for typical base stations in the field today. Also for option 1, some further considerations are needed on e.g. what type of MIMO, how many sectors and what sort of radio/carrier configuration should be considered as typical today.
Dealing with a variable capability for the number of cells

For non AAS base stations, a number of different cell configurations are used; three examples being omnidirectional, tri-sector and six-sector. Since today’s emissions requirement applies per antenna connector and each sector implies additional antenna connectors, the total amount of emissions from a site will depend on the number of sectors.

For AAS base stations, it may be possible to set the emissions requirement to be the same as for a non AAS base station transmitting the same number of cells. An extra dimension to take into account is the potential capability of an AAS to change the number of cells it transmits (cell splitting); some discussion on whether the assumed number of cells should be the maximum AAS capability, minimum AAS capability or some fixed value similar to the options 1-3 considered for the number of MIMO branches above.
Dealing with varying carrier to transceiver mappings

A modern base station will be capable of transmitting multiple carriers, and potentially multiple bands. However, the requirement on emissions generated per carrier will remain the same regardless of the radio configuration (for example, the per carrier requirements will be the same for both configurations shown in figure 1). Similar considerations apply to multi-band transmission.
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Figure 1 Examples of radio configurations for a non AAS BS
For an AAS array, it is conceivable that an array may be built or configurable such that multiple carriers are transmitted from all array elements, or that different carriers are transmitted from different groups of array elements. 
For AAS base stations that can be configured with different mappings of carrier/radio, there is a need to consider further implications of multicarrier transmission. Consider a reference case of figure 2, in which a 4 column cross polarized array is depicted. The base station can be configured in a number of modes; for example (i) transmitting 8 layer MIMO on a single carrier or (ii) transmitting 4 layer MIMO on 2 carriers, with 2 columns per carrier or (iii) transmitting 4 layer MIMO on 2 carriers, using all columns for all carriers and layers (This configuration would also allow some degrees of freedom for some cell specific beamforming). It is possible to transmit a single carrier from all or just a subgroup of the transmitters. 
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If the emissions requirement is met by summing emissions over all transceivers, then the test case will need to test the worst case, which is where the maximum number of configurable transceivers for a carrier are all used. If the emissions requirement is met by 10log(n) scaling, then n must be defined to consider the (maximum) number of transmitters that can be used for a carrier, not the total number of transmitters.
Requirement vs test case coverage

There are several potential elements of configurability in the AAS; number of MIMO layers, number of cells and carrier to array mapping. If the emissions requirements are related to the number of MIMO layers, cells etc., then some array configurations may lead to more stringent emissions requirements than other configurations. Two approaches could be conceived for setting requirements:
1. The configuration that leads to the most stringent emissions requirement is selected. The emissions requirement derived for this configuration is applicable whatever configuration is used.

2. The emissions requirement depends on the configuration and can be different for different configurations. At least the most stringent configuration is tested

The two approaches have different merits. The first approach leads to a simple, configuration independent requirement. However the most stringent configuration must be declared at type approval. The second approach gives somewhat more flexibility varying e.g. PA operating characteristics according to configuration, but is likely to be much more difficult to test robustly.

For both options, testing of more than one configuration may be needed (for the first option, possibly and for the second option with certainty). In particular for spurious emissions test time is not insignificant.

The first option is simple, reduces test complexity, can be more robustly tested and leads to RF requirements that are not dependent on configuration, and is thus preferable.

4 Potential ways forward for setting N

Two routes exist to setting N. One is the approach of defining a “typical” base station of today and identifying an emissions requirement that can be fixed in the specification (i.e. option 1). We advocate this approach as it is straightforward and the disadvantages compared to more complex approaches attempting to identify “equivalent” AAS base stations do not appear to be significant [3]. In particular, in general as long as Z is not high, this method will not cause less stringent requirements on an AAS than the other methods. The approach requires a decision on 2 issues:

· The number of MIMO layers in the “typical” base station – Proposal: 2 or 4

· The number of cells per 120 degrees in the “typical” base station – Proposal: 1 cell per 120 degres

The second general approach is to define some kind of “equivalent” base station for the AAS (options 2-4). This is also an approach to be considered and we do not object to, although our view is that the complexity of writing the specification in this manner is larger without the benefit of the additional standardization effort being obvious.

If taking this second approach, there is a need to clearly define what is meant by “MIMO layers” and also to take into account the issues in regard to variability in the number of cells, carrier mapping configurations etc. discussed in section 3. This can be achieved by an intelligent combination of options 2 and 4 described in section 2. A combined method for setting emissions requirements would be as follows:

1. The vendor should consider all of the potential “configurations” of their product. A “configuration” consists of a setting of the array that leads to a specific number of cells, MIMO layers and carriers

2. For each configuration, the following should be done:

a. Identify a MIMO configuration for each cell and carrier in the configuration, based on the following table from the RAN1 specifications. For TM9/10, also identify the number of transmission ports (=MIMO layers).

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 1
	DCI format 1A
	Common and

UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)

	Mode 2
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1
	UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	Mode 3
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 2A
	UE specific by C-RNTI
	Large delay CDD (see subclause 7.1.3)  or Transmit diversity (see subclause 7.1.2)

	Mode 4
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 2
	UE specific by C-RNTI
	Closed-loop spatial multiplexing  (see subclause 7.1.4)or Transmit diversity (see subclause 7.1.2)

	Mode 5
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1D
	UE specific by C-RNTI
	Multi-user MIMO (see subclause 7.1.5)

	Mode 6
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1B
	UE specific by C-RNTI
	Closed-loop spatial multiplexing (see subclause 7.1.4) using a single transmission layer

	Mode 7
	DCI format 1A
	Common and

UE specific by C-RNTI
	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)

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 5 (see subclause 7.1.1)

	Mode 8
	DCI format 1A
	Common and
UE specific by C-RNTI
	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)

	
	DCI format 2B
	UE specific by C-RNTI
	Dual layer transmission, port 7 and 8 (see subclause 7.1.5A) or single-antenna port, port 7 or 8 (see subclause 7.1.1)

	Mode 9
	DCI format 1A
	Common and UE 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)

	Mode 10
	DCI format 1A
	Common and UE 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 2D
	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)


b. For each transmission port/MIMO layer in each cell and carrier, identify the transceivers that are responsible for transmitting the MIMO layer. An identified set of transceivers used for transmitting a MIMO layer on a specific cell and carrier in a given configuration is called an “equivalent antenna connector” in [4]

c. After step b, there will be a list of “equivalent antenna connectors”. Form groups of “equivalent antenna connectors”. Each equivalent antenna connector group should consist of equivalent antenna connectors which are on the same carrier and use the same set of transceivers. Each group will contain a number Ngroup of equivalent antenna connectors and refer to a number ngroup of transceivers.

d. For each group calculate a per transceiver requirement as the .104 emissions requirement  + 10log(Ngroup/ngroup)

3. After carrying out step 2 for all of the configurations they have considered, the vendor should then declare the configuration that leads to the most stringent per transceiver requirement. The requirement on the total emissions for each equivalent antenna connector group should be the current .104 requirement + 10log(Ngroup). The requirement can be tested by either proving that the sum of emissions from all transmitters making up the group is less than the requirement when all equivalent antenna connectors in the group are operated, or that each individual transmitter meets a requirement scaled by 10log(ngroup).

The above procedure provides a flexible method for setting an AAS requirement based on the non AAS requirement considering the same MIMO order, number of cells and number of carriers as the minimum AAS capability.
5 Conclusion

There are two general approaches to setting the emissions requirement; one is a fixed emission requirement based on typical base stations today; the other is to standardize a means of mapping an AAS capability subset to a non AAS base station with the same capability.

In section 4, means of setting the requirement in either way are discussed, considering the need to take into account MIMO capability, the number of cells, carrier to transmitter mappings and to take the most stringent configuration for setting the emissions level.
One of the approaches should be selected; the method of fixing the requirement in the specification based on today’s base station capability (option 1) seems simple without strong disadvantages; however we are open to either that or a slight modification of option 4, as described in section 4.
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