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1 Introduction

During previous RAN4 meetings, there have been several attempts to introduce corrections to the transmitter intermodulation requirements across all the base station specifications (both core and conformance test specifications). A summary of such contributions submitted to RAN4#72-BIS and RAN4#73 meetings is provided in [1]-[10].
As part of the work for introducing these corrections, it has been observed that companies have different interpretation of the TX intermodulation requirement for the case of multi-carrier or CA operation.
In this paper, we track the background and intention of defining this requirement and provide a proposal to remove the ambiguity and avoid further confusion in the interpretation of the TX intermodulation requirement.
2 Background
Considering the TS 36.104, the transmitter intermodulation requirement for E-UTRA BS was introduced in RAN4#45 in 2007, based on the text proposal in [11]. This text proposal was based on the agreements in TR 36.804 [12], where this requirement was initially agreed and documented.

With the introduction of multi-carrier operation and Carrier Aggregation (CA) features, further changes/corrections were made to the TX intermodulation requirement. These multi-carrier and CA related changes were introduced as part of the CR introducing CA in TS 36.104 [13] in the RAN4#57 meeting in 2010. These changes were introduced on the basis of agreements in the CA TR 36.808 v0.4.0 [14]. 
Discussion

As part of the work for introducing TX intermodulation corrections, it has been observed that companies have different interpretation of the TX intermodulation requirement for the case of multi-carrier or CA operation. The main confusion lies in the definition of the interfering signal with respect to the wanted signal.
The wanted signal, interfering signal and the interfering signal offset levels are defined in Table 6.7.1-1 in TS 36.104. An excerpt of this table from the specification is presented here:
<beginning of excerpt from TS 36.104>

Table 6.7.1-1 Interfering and wanted signals for the Transmitter intermodulation requirement

	Parameter
	Value

	Wanted signal
	E-UTRA single carrier, or multi-carrier, or multiple intra-band contiguously or non-contiguously aggregated carriers

	Interfering signal type
	E-UTRA signal of channel bandwidth 5 MHz

	Interfering signal level
	Mean power level 30 dB below the mean power of the wanted signal

	Interfering signal centre frequency offset from the lower (upper) edge of the wanted signal or edge of sub-block inside a sub-block gap
	± 2.5 MHz

± 7.5 MHz

± 12.5 MHz

	NOTE1:
Interfering signal positions that are partially or completely outside of any downlink operating band of the base station are excluded from the requirement, unless the interfering signal positions fall within the frequency range of adjacent downlink operating bands in the same geographical area. In case that none of the interfering signal positions fall completely within the frequency range of the downlink operating band, TS 36.141 [4] provides further guidance regarding appropriate test requirements.

NOTE2:
In certain regions, NOTE 1 is not applied in Band 1, 3, 8, 9, 11, 18, 19, 21, 28, 34.


<end of excerpt from TS 36.104>

The mean power level of the interfering signal level is defined relative to the level of the wanted signal and is to be set at 30 dB below the mean power of the wanted signal level. In the case of single carrier, the requirement itself is clear. However, when it comes to multi-carrier or CA operation, the requirement leads to the following two interpretations:
Interpretation 1:

The power of the interfering signal shall be 30 dB below the mean power of the wanted signal, where the mean power of the wanted signal is the mean power of the individual carriers in the multi-carrier signal.
Interpretation 2:
The power of the interfering signal shall be 30 dB below the mean power of the wanted signal, where the mean power of the wanted signal is the mean power accumulated over all the carriers in the multi-carrier signal.

Discussion on the two interpretations
Figure 2.1.1-1 is an illustration of the two possible interpretations of the TX intermodulation requirement for a wanted signal of 5 MHz. It can be observed from the figure that the two interpretations can lead to a difference in the power level of the interfering signal.
Considering the example in Figure 2.1.1-1, in case of Interpretation 1, the power of the interfering signal is defined relative to the mean power of the individual carriers in the multi-carrier signal. Hence, the power level of the interfering signal is found to be 13 dBm.
However, in case of Interpretation 2, the power of the interfering signal is defined relative to the mean power accumulated over all the carriers in the multi-carrier signal. Hence, the power level of the interfering signal is found to be 16 dBm.

It is important to note that a further increase in the number of carriers in Interpretation 2 shall lead to progressive increase in the relative power of the interfering signal with respect to the mean carrier power of the individual carriers in the multi-carrier signal as illustrated in Figure 2.1.1-2. This means that the requirement is tightened with the increase in the number of carriers.
Furthermore, in the case of non-contiguous multi-carrier operation, the carriers shall be located at the upper and lower edge of the supported RF bandwidth and considering the mean power over all the carriers does not make sense since there may be a wide gap between the carriers at the upper and lower edges.
Figure 2.1.1-1: Carrier setup as per the two interpretations of the requirement.

[image: image1.png]Carrier Setup based on Interpretation 1 Carrier Setup based on Interpretation 2

Mean Power Mean Power
5 o Accumulated mean Power of C1 and C2 = 46dBm
C1-43dBm C2- 43dBm Carrier power — Interferer <
Power ~_ -
NN
3048 Carrier 1 of MC Carrier 2 of MC 27dB pod Cartier 1 of MC Carrier 2 of MC
wanted signal wanted signal Mean Interferer wanted signal wanted signal
Mean Interferer Power = 16dBm
Power = 13dBm
5 MHz 5 MHz
Interfering Interfering
signal signal

5 MHz





Figure 2.1.1-2: Carrier setup for 4 carrier MC signal as per Interpretation 2.
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Discussion on the intention of TX intermodulation requirement

Introduction of TX Intermodulation requirement in 36.104
The transmitter intermodulation requirement was first introduced in the TS 36.104 in RAN4#45 in 2007, based on the text proposal in [11]. The requirement was initially defined to cover the case of single carrier operation and the text proposal introducing this requirement was based on the agreements in TR 36.804 [12], where this requirements was initially agreed and documented. Below is an extract from Rel-8 TS 36.141.
<beginning of excerpt from Rel-8 TS 36.141>

6.7

Transmitter intermodulation

6.7.1
Definition and applicability

The transmit intermodulation requirement is a measure of the capability of the transmitter to inhibit the generation of signals in its non linear elements caused by presence of the own transmit signal and an interfering signal reaching the transmitter via the antenna. The requirement applies during the transmitter ON period and the transmitter transient period. 

The transmit intermodulation level is the power of the intermodulation products when an E-UTRA signal of channel bandwidth 5 MHz as an interfering signal is injected into an antenna connector at a mean power level of 30 dB lower than that of the mean power of the wanted signal. The wanted signal channel bandwidth BWChannel shall be the maximum bandwidth supported by the base station. The bandwidth of the wanted signal shall be according to TS 36.104 [1] subclause 6.7.1.

The requirements shall apply whatever the type of transmitter considered (single carrier or multi-carrier). It applies for all transmission modes foreseen by the manufacturer's specification.
<end of excerpt Rel-8 TS 36.141>

It can be observed that already from Rel-8 the requirement was designed to be applicable to both single carrier and multi-carrier operation, where the intention was to maintain 30dB isolation between the interfering signal and the wanted signal with respect to one carrier. Furthermore, for the case of multiple carriers, it was specified that the maximum channel bandwidth shall be used to ensure a tougher requirement (for instance, for the case of 1.4 & 5 MHz multicarrier operation, definition of interfering signal relative to the carrier with 5 MHz BWChannel shall lead to a tougher requirement).

Introduction of CA related changes to the TX Intermodulation requirement

With the introduction of Carrier Aggregation (CA) features, further changes/corrections were made to the TX intermodulation requirement. These CA related changes were introduced as part of a bigger CR introducing CA in TS 36.104 [13] in the RAN4#57 meeting in 2010 and were introduced on the basis of agreements in the CA TR 36.808 v0.4.0 [14].
<beginning of excerpt from Rel-10 TS 36.104 with CA>
6.7

Transmitter intermodulation

The transmit intermodulation requirement is a measure of the capability of the transmitter to inhibit the generation of signals in its non linear elements caused by presence of the own transmit signal and an interfering signal reaching the transmitter via the antenna. The requirement applies during the transmitter ON period and the transmitter transient period.

6.7.1
Minimum requirement

The transmitter intermodulation level is the power of the intermodulation products when an interfering signal is injected into the antenna connector. The wanted signal channel bandwidth BWChannel shall be the maximum bandwidth supported by the base station. The offset of the interfering signal from the wanted signal shall be as in Table 6.7.1‑1.

Table 6.7.1-1 Interfering and wanted signals for the Transmitter intermodulation requirement

	Parameter
	Value

	Wanted signal
	E-UTRA single carrier, or multi-carrier, or multiple intra-band contiguously aggregated carriers

	Interfering signal type
	E-UTRA signal of channel bandwidth 5 MHz

	Interfering signal level
	Mean power level 30 dB below the mean power of the wanted signal

	Interfering signal centre frequency offset from the lower (higher) edge of the wanted signal 
	± 2.5 MHz

± 7.5 MHz

± 12.5 MHz

	NOTE1:

Interfering signal positions that are partially or completely outside of the downlink operating band of the base station are excluded from the requirement, unless the interfering signal positions fall within the frequency range of adjacent downlink operating bands in the same geographical area. In case that none of the interfering signal positions fall completely within the frequency range of the downlink operating band, TS 36.141 [4] provides further guidance regarding appropriate test requirements.
NOTE2:
NOTE 1 is not applied in Band 1, 3, 8, 9, 11, 18, 19, 21, 34 in certain regions.


The transmitter intermodulation level shall not exceed the unwanted emission limits in subclause 6.6 in the presence of an interfering signal according to Table 6.7.1‑1. The measurement may be limited to frequencies on which third and fifth order intermodulation products appear, considering the width of these products.

<end of excerpt from Rel-10 TS 36.104 with CA >

It was agreed in CA TR 36.808 v0.4.0 [14] that the change in the definition of wanted signal (E-UTRA single carrier, or multi-carrier, or multiple contiguously aggregated carriers), was introduced to capture the different capture all types of transmitters. It is to be noted that the intention was not to make any changes to the fundamental requirement of 30dB antenna isolation between the mean power of the wanted signal and the mean power of the interfering signal, which was defined with respect to one carrier.
This is also the reason that the mean power is defined in the specification as: 
Mean power: When applied to E-UTRA transmission this is the power measured in the channel bandwidth of the carrier. The period of measurement shall be at least one subframe (1ms), unless otherwise stated.

This means that in the case of multiple carrier operation, each carrier in the wanted signal should still have 30 dB isolation from from the interfering signal, which is inline with the Interpretation 1 of the requirement, as elaborated in section 2.1.1.

It is important to note that in Interpretation 2 of the requirement (see section 2.1.1), an increase in the number of carriers in Interpretation 2 shall lead to a progressive increase in the relative power of the interfering signal with respect to the mean carrier power of the individual carriers in the multi-carrier signal as illustrated in Figure 2.1.1-2. This means that the requirement will be tightened each time the number of carriers is increased. Furthermore, in the case of non-contiguous multi-carrier operation, the carriers shall be located at the upper and lower edge of the supported RF bandwidth and considering the mean power over all the carriers does not make sense since there may be a wide gap between the carriers at the upper and lower edges of the RF bandwidth.
3 Conclusion & Proposal
Based on the discussion and elaboration of the TX intermodulation requirement in this contribution, it is proposed to clarify the definition of the interfering signal level as follows:
<Beginning of proposed change to TS 36.104>

Table 6.7.1-1 Interfering and wanted signals for the Transmitter intermodulation requirement

	Parameter
	Value

	Wanted signal
	E-UTRA single carrier, or multi-carrier, or multiple intra-band contiguously or non-contiguously aggregated carriers

	Interfering signal type
	E-UTRA signal of channel bandwidth 5 MHz

	Interfering signal level
	Mean power level 30 dB below the mean power of the carrier with maximum channel BW within the wanted signal

	Interfering signal centre frequency offset from the lower (upper) edge of the wanted signal or edge of sub-block inside a sub-block gap
	± 2.5 MHz

± 7.5 MHz

± 12.5 MHz

	NOTE1:

Interfering signal positions that are partially or completely outside of any downlink operating band of the base station are excluded from the requirement, unless the interfering signal positions fall within the frequency range of adjacent downlink operating bands in the same geographical area. In case that none of the interfering signal positions fall completely within the frequency range of the downlink operating band, TS 36.141 [4] provides further guidance regarding appropriate test requirements.

NOTE2:
In certain regions, NOTE 1 is not applied in Band 1, 3, 8, 9, 11, 18, 19, 21, 28, 34.


<End of proposed change to TS 36.104>
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