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1 Introduction
There have a been a number of discussion documents [1], [2], which have indicated that the ACLR requirement should be done as a TRP requirement (rather than a EIRP in the main beam).

Whilst ACLR is usually considered the dominant transmitter in-band requirements, and is subject to simulation campaigns, there are also some absolute requirements which also require translating to OTA.

This document investigates the in band absolute limits and how they may be addressed OTA.

2 Discussion

As it has been shown that in-band interference is dependent on the total power rather than power in any specific direction and hence the OTA  ALCR is assumed to be a TRP type requirement. The in band absolute unwanted emissions cause degradation to adjacent networks in the same way and hence it is assumed that these are also TRP type measurements.

As the in band adjacent channel power needs to be measured in a way to achieve a TRP (e.g. two 360deg cuts), it is not considered much additional work to extend that measurement to all in band unwanted emissions.

TRP is hence assumed in this document as the requirement for in band unwanted emissions.
2.1 Requirements

A brief description of the absolute in-band requirement for both non-AAS and AAS is given below:

2.1.1 Non-AAS (E-UTRA)

In the E-UTRA specification (for example) there are the following requirements:

Sub-clause 6.6.2.1 (ACLR)

For Category A Wide Area BS, either the ACLR limits in the tables below or the absolute limit of -13dBm/MHz shall apply, whichever is less stringent.

For Category B Wide Area BS, either the ACLR limits in the tables below or the absolute limit of -15dBm/MHz shall apply, whichever is less stringent.
And 6.6.3.1 (Operating band unwanted emissions)

Table 6.6.3.1-3: Wide Area BS operating band unwanted emission limits for 5, 10, 15 and 20 MHz channel bandwidth (E-UTRA bands <1GHz) for Category A
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1, 2)
	Measurement bandwidth (Note 5)

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f < 

min(10 MHz, (fmax)
	5.05 MHz ( f_offset < 

min(10.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax 
	-13 dBm (Note 7)
	100 kHz 


The ACLR absolute requirement is a wider bandwidth and hence slightly tougher, however it only applies if it is less stringent than the -45dBc absolute requirement. The operating band UEM requirement applies at all times.

2.1.2 AAS

The absolute ACLR limit has not been addressed in TS 37.105 this is perhaps an error as it should have had a system cap put on it and the limits scaled in the same way as the operating band unwanted emissions (this should be cleared up by CR). The cap is applied in the conformance specification TS 37.145-1 [4] however. For the purposes of this discussion consider the ACLR absolute limit is handled in the same way as the operating band unwanted emissions.
The operating band unwanted emissions limit is set as follows:

The operating band unwanted emission requirements for an MSR AAS BS are that for each TAB connector TX min cell group and each applicable basic limit as specified in 3GPP TS 37.104 [9], the power summation of the emissions at the TAB connectors of the TAB connector TX min cell group shall not exceed an AAS BS limit specified as the basic limit + 10log10(NTXU,countedpercell).

The result being that the absolute limit is applied per TAB connector and the system total is capped when more than 8 TAB connectors are used.

2.2 OTA

2.2.1 Requirements

The factor NTXU,countedpercell used to find the system emissions limit for the conducted requirement is based on counting the number of TAB connectors (and active transmitters). 
NTXU,countedpercell
The number of active transmitter units  that are taken into account for emissions scaling per cell 

When the system becomes all OTA then the goal is that the system is a black box, defined by its functionality rather than its hardware. As there are no longer any TAB connectors in an all OTA system it is not possible to count them.
Possible options are:

· Functional description i.e. AAS-ETAC 

· Declaration – based on hardware

Functional description

Defining the system by functionality was attempted during the REL13 work, it was attempted to base the factor N not on the number of physical connectors but on the number of available ‘MIMO branches’ , the term and definition for these were agreed [3] as AAS-ETAC (AAS Equivalent Transmitter Antenna Connectors). However it could not be agreed how to apply such a concept. The main problem being that functionality can change with the operation of a fixed piece of hardware, where as physical parameters (such as number of connectors) do not. The target for the RAN4 specification is to place a fixed requirement on the hardware which does not change with operation, hence the use of a functional definition to set a hardware requirement could not be agreed.

With the all OTA specification however it is clear that something needs to be done as the current definition of NTXU,countedpercell cannot be used.

Declaration
Whilst having a black box is a good target it is not absolutely necessary, despite not having TAB connectors a all OTA system does of course have transmitter units in the same way as the REL13 system. In fact the concept of an active transmitter units has already been defined for the conducted requirements

active transmitter unit: transmitter unit which is ON, and has the ability to send modulated data streams that are parallel and distinct to those sent from other transmitter units to one or more TAB connectors at the transceiver array boundary
With modification this could be used to define a parameter which can be declared for an all OTA system

active transmitter unit (OTA) : transmitter unit which is ON, and has the ability to send modulated data streams that are parallel and distinct to those sent from other transmitter units to one or more antenna elements.
This method has the advantage that it is simple and almost the same as the method used in the REL13 specification but does not rely on TAB connectors.
2.2.2 Measurement
An analysis of the effect of the measurement system dynamic range on a TRP measurement was carried out in [5], based on a similar analysis with the following assumption:

· The in-band noise is non-correlated and hence subject to the element pattern gain (assume 8dBi)

· The chamber is far field

Using calculations in [5]

FSPL (min far field distance) = 60.15dB

So the peak signal at the measurement equipment is 


Punwanted = -13dBm – 60.15dB + 8dBi = -65.15dBm
A dynamic range of approx 25 to 30dB is needed to avoid any error due to the integration of the antenna pattern [5], hence it needs to be possible to measure minimum power level of approx -95dBm.

This is within the capability of a spectrum analyzer although it must also be considered that the wanted signal is also present and is large so may require filtering out prior to the measurement device. This however is pretty standard technique when measuring in band signals so should not be a problem.
3 Summary

This paper has investigated the issues around the absolute in-band unwanted emission requirements and how they may be translated to OTA requirements.
The current conducted AAS requirements based on a total system unwanted emissions requirement count active transmitter units in order to formulate a scaling factor NTXU,countedpercell) it is suggested that the definition of this term is modified to suit the OTA architecture and is then declared and used in the same way.
The practicality of measuring the in-band unwanted emissions was briefly analysed and it has been shown that it is possible to measure accurately the TRP using the same technique as the ACLR.

Hence the necessary modifications to the AAS specification to provide OTA requirements for absolute in band emissions are not difficult.
4 References
[1] R4-162541
Discussion on in-band Tx requirements
Huawei

[2] R4-164163
OTA ACLR and in-band unwanted emissions

Ericsson

[3] R4-152471
Proposal for definition of “MIMO/Tx Diversity” Entity
Huawei

[4] R4-164926 
TS 37.145 (part 1) version 0.3.0 
Huawei

[5] R4-164926 
Error on integration of TRP due to measurement dynamic range
Huawei

