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1. Introduction

RAN4 have decided to define a per transmitter requirement for capturing transmitter intermodulation emission caused by intra-system antenna coupling in an AAS base station. 
It means that the intra-system requirement is a conducted requirement set on an individual transmitters based on a declaration relating to antenna array properties. It is decided to divide the transmitter intermodulation requirement for AAS base stations in two groups; co-location and intra-system. For this purpose, in section 8.1.5 of TR 37.842, two sub-sections are created to capture the outcome of the WI discussions. 

At last RAN4 meeting in Beijing (RAN4#76) a text proposal adding information about intra-system transmitter intermodulation was approved [1].
According to approved way-forward [2] this contribution presents a draft specification text for transmitter intermodulation based on section 37.842, section 8.1.5.
2. Discussion

In current specifications the transmitter intermodulation requirement can be found in section 6.7 in TS 37.104. In this section there are sub-sections for general minimum requirement and additional minimum requirements. Since parameters relevant for the interfering signal is different for intra-system compared to co-location it is suggested to add a new sub-section for intra-system transmitter intermodulation. 
Starting with current requirement structure as base a new sub-section is added for intra-system transmitter intermodulation. It is assumed that the structure of the section transmitter intermodulation is maintained. 
At last RAN4 meeting the following section structure for AAS transmitter intermodulation as part of the TS skeleton [3] was approved. 

6.7
Transmitter intermodulation

6.7.1
General

6.7.2
Minimum requirement for MSR operation

6.7.3
Minimum requirement for single RAT UTRA operation

6.7.4
Minimum requirement for single RAT E-UTRA operation
In general the transmitter intermodulation requirement link to other section where absolute or relative emission levels are kept. This means that these sections must be created before transmitter intermodulation section can be finalised in the AAS RF core specification. 
Text relevant for transmitter intermodulation is imported from applicable sections in TS 25.104, TS 36.104 and TS 37.104. The absolute references to emission sections are adapted to proper section in the AAS specification, where emission levels and emission scaling factors are captured.  

The intra-system aspects of transmitter intermodulation are general and applicable for AAS base stations. Therefore a sub-section under general is created for intra-system transmitter intermodulation. 
The main principle used drafting this section can be described as:

1. As starting point the agreed skeleton with sub-section from last meeting [3] was used.

2. Since the requirement text needs changes with respect to multi-band operation, text is copied from relevant specification and modified accordingly.
3. Text in “General” section for each individual requirement is based on commonalities between all current specifications. Text that is common between specifications is used, while text that is RAT unique is removed. 

Issues to be resolved:

1. Text marked with yellow background hold references to other sections in the AAS RF core specification and may be updated later when the specification is created.

2. Text marked with green background may be changed due to the fact that reference to “connector” or “input” may require aligning with section 4.
3. At references to emission requirement levels a note about scaling may be required. 

4. Some adaptation to capture MB cases according to section 4.
5. The relevance of requirement in section 6.7.2.2 for AAS BS should be studied.

6. Usage of “interference signal” or “leakage signal” for intra-system transmitter intermodulation.

7. Include both scenarios of declared interference signal level; leakage power for each connector or the maximum leakage power for the entire array.

8. Editorial alignment between single RAT and MSR regarding tables (e.g. Table 6.7.3-1).

3. Conclusion

The requirement for capturing AAS transmitter intermodulation emission has been discussed for a long time. This contribution holds a draft specification text for the AAS RF core specification to be developed by RAN4. We encourage all involved parties in the discussion to use this draft as a starting point for formulating the transmitter intermodulation requirement for AAS base stations.
A draft specification section 6.7 is created using the agreed TS skeleton and information in TS 37.842, section 8.1.5. At the end of this contribution the draft specification text for AAS transmitter intermodulation emission is attached.
Proposal:

We propose to adopt the attached draft specification text for section 6.7 as baseline when the RF core specification for AAS base stations is developed. 
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6.7
Transmitter intermodulation

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

For AAS BS capable of multi-band operation where multiple bands are mapped on separate antenna connectors, the single-band requirements apply regardless of the interfering signals position relative to the inter-RF bandwidth gap.

6.7.1
General

The transmitter intermodulation level is the power of the intermodulation products when an interfering signal is injected into the ABA antenna connector.
For AAS BS there are two types of transmitter intermodulation cases captured by the transmitter intermodulation requirement:

1. Co-location transmitter intermodulation in which the interfering signal is from a co-located base station. 
2. Intra-system transmitter intermodulation in which the interfering signal is from other transmitter units within the AAS BS. 
NOTE: For AAS BS, the co-location transmitter intermodulation requirement is considered sufficient if the interference signal for the co-location requirement is larger than the declared interference signal for intra-system transmitter intermodulation requirement. 

6.7.2
Minimum requirement for MSR operation

6.7.2.1
General co-location minimum requirement
The transmitter intermodulation level shall not exceed the unwanted emission limits specified for transmitter spurious emission (sub-clause x.y.z), operating band unwanted emission (sub-clause x.y.z) and ACLR (sub-clause x.y.z) in the presence of a wanted signal and an interfering signal according to Table 6.7.2.1‑1 for BS operation in BC1, BC2 and BC3.

The requirement is applicable outside the edges of the RF bandwidth. The interfering signal offset is defined relative to the Base Station RF bandwidth edges or radio bandwidth edges. For AAS BS operating in non-contiguous spectrum, the requirement is also applicable inside a sub-block gap for interfering signal offsets where the interfering signal falls completely within the sub-block gap. The interfering signal offset is defined relative to the sub-block edges.

For BS capable of multi-band operation, the requirement applies relative to the RF bandwidth edges of each operating band. In case the inter RF bandwidth gap is less than 15 MHz, the requirement in the gap applies only for interfering signal offsets where the interfering signal falls completely within the inter RF bandwidth gap.

Table 6.7.2.1-1: Interfering signals for the co-location transmitter intermodulation requirement

	Parameter
	Value

	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 edge of the RF bandwidth or edge of sub-block inside a 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 37.141 [10] 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, 32 operating within 1475.9-1495.9MHz, 34.


6.7.2.2
Additional co-location minimum requirement (BC1 and BC2)
The transmitter intermodulation level shall not exceed the unwanted emission limits specified for transmitter spurious emission (sub-clause x.y.z), operating band unwanted emission (sub-clause x.y.z) and ACLR (sub-clause x.y.z) in the presence of a wanted signal and an interfering signal according to Table 6.7.2.2-1 for BS operation in BC2.

The requirement is applicable outside the edges of the RF bandwidth for BC2. The interfering signal offset is defined relative to the RF bandwidth edges.

For BS operating in non-contiguous spectrum in BC1 or BC2, the requirement is also applicable inside a sub-block gap with a gap size larger than or equal to two times the interfering signal centre frequency offset. For BS operating in non-contiguous spectrum in BC1, the requirement is not applicable inside a sub-block gap with a gap size equal to or larger than 5 MHz. The interfering signal offset is defined relative to the sub-block edges.

For BS capable of multi-band operation, the requirement applies relative to the RF bandwidth edges of a BC2 operating band. The requirement is also applicable for BC1 and BC2 inside an inter RF bandwidth gap equal to or larger than two times the interfering signal centre frequency offset. For BS capable of multi-band operation, the requirement is not applicable for BC1 band inside an inter RF bandwidth gap with a gap size equal to or larger than 5 MHz.

Table 6.7.2.2-1: Interfering signal for the co-location transmitter intermodulation requirement

	Parameter
	Value

	Interfering signal type
	CW

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

	Interfering signal centre frequency offset from edge of the RF bandwidth or edge of sub-block inside a gap
	> abs(800) kHz for CW interferer

	NOTE:
Interfering signal positions that are partially or completely outside of any downlink operating band of the base station are excluded from the requirement.


6.7.2.3
Additional co-location minimum requirement (BC3)
The transmitter intermodulation level shall not exceed the unwanted emission limits specified for transmitter spurious emission (sub-clause x.y.z), operating band unwanted emission (sub-clause x.y.z) and ACLR (sub-clause x.y.z) in the presence of a wanted signal and an interfering signal according to Table 6.7.2.3-1 for BS operation in BC3. 

For BS capable of multi-band operation, the requirement applies relative to the RF bandwidth edges of each operating band. In case the inter RF bandwidth gap is less than 3.2 MHz, the requirement in the gap applies only for interfering signal offsets where the interfering signal falls completely within the inter RF bandwidth gap.

Table 6.7.2.3-1: Interfering signals for the co-location transmitter intermodulation requirement (BC3)

	Parameter
	Value

	Interfering signal type
	1.28Mcps UTRA TDD signal of channel bandwidth 1.6MHz

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

	Interfering signal centre frequency offset from edge of the RF bandwidth or edge of sub-block inside a gap
	±0.8 MHz

±1.6 MHz

±2.4 MHz

	NOTE:
Interfering signal positions that are partially or completely outside of any downlink operating band of the base station are excluded from the requirement.


6.7.2.4
Additional co-location minimum requirements
In certain regions the following requirement may apply. For BS operating in Band 41, the transmitter intermodulation level shall not exceed the maximum levels specified in Table 6.6.1.3.1-3, Table 6.6.2.4.6-1 and Table 6.6.4.1-2 with a square filter in the first adjacent channel, in the presence of an interfering signal according to Table 6.7.2.4‑1.

Table 6.7.2.4-1 Interfering and wanted signals for the additional co-location transmitter intermodulation requirement for Band 41

	Parameter
	Value

	Wanted signal
	E-UTRA single carrier (NOTE)

	Interfering signal type
	E-UTRA signal of the same channel bandwidth as the wanted signal

	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) centre frequency of the wanted signal
	± BWChannel
± 2 x BWChannel

	NOTE:
This requirement applies for 10 or 20 MHz E-UTRA carriers allocated within 2545-2575MHz or 2595-2645MHz.


6.7.2.5
Intra-system minimum requirement

The transmitter intermodulation level shall not exceed the unwanted emission limits specified for operating band unwanted emission and ACLR in the presence of a wanted signal and an interfering signal according to Table 6.7.2.5-1 for BS operation in BC1, BC2 and BC3.

Table 6.7.2.5-1: Interfering signals for intra-system transmitter intermodulation requirement

	Parameter
	Value

	Interfering signal type
	E-UTRA or UTRA signal of channel bandwidth same as wanted signal 1.

	Interfering signal level
	Power level declared by the base station manufacturer 2.

	Frequency offset between interfering signal and wanted signal
	0 MHz



	NOTE 1: The interference signal shall be uncorrelated with the wanted signal.
NOTE 2: The declared power level is the maximum power level caused by intra-system antenna coupling. 


6.7.3
Minimum requirement for single RAT UTRA operation

The transmitter intermodulation level is the power of the intermodulation products when a WCDMA interfering signal is injected into the antenna connector at a mean power level of 30 dB lower than that of the mean power of the wanted signal.

For BS capable of multi-band operation where multiple bands are mapped on separate antenna connectors, the single-band requirements apply regardless of the interfering signals position relative to the inter-RF bandwidth gap.

For multi-carrier operation, the interfering signal offset is defined relative to the lower (upper) edge of the wanted signal or edge of sub-block inside a gap. The interfering signal frequency offset shall be as in Table 6.7.3-1.
6.7.3.1
General co-location minimum requirement

Table 6.7.3-1: Interfering signal frequency offset for co-location requirement
	Parameter
	Value

	Interfering signal centre frequency offset from the wanted signal centre frequency
	-5 MHz

-10 MHz

-15 MHz

+5 MHz

+10 MHz

+15 MHz

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

-7.5 MHz

-12.5 MHz

+2.5 MHz

+7.5 MHz

+12.5 MHz

	NOTE 1:
Interference frequencies that are outside of any allocated frequency band for UTRA-FDD downlink specified in subclause 5.2 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.

NOTE 2:
NOTE 1 is not applied in Band I, III, VI, VIII, IX, XI, XIX, XXI, and XXXII operating within 1475.9-1495.9MHz, in certain regions.


The transmitter intermodulation level shall not exceed the out of band emission or the spurious emission requirements of clauses X and Y in the presence of a WCDMA interfering signal with a mean power level 30 dB lower than the mean power of the wanted signal.

For a BS operating in non-contiguous spectrum, the requirement is also applicable inside a sub-block gap for interfering signal offsets where the interfering signal falls completely within the sub-block gap. The interfering signal offset is defined relative to the sub-block edges.

For a BS capable of multi-band operation, the requirement is also applicable inside a inter RF bandwidth gap for interfering signal offsets where the interfering signal falls completely within the inter RF bandwidth gap.
6.7.3.2
Intra-system minimum requirement
The transmitter intermodulation level shall not exceed the unwanted emission limits specified for AAS operating band unwanted emission and AAS ACLR in the presence of a wanted signal and an interfering signal according to Table 6.7.3.2-1 for BS operation in BC1, BC2 and BC3.

Table 6.7.3.2-1: Interfering signals for intra-system transmitter intermodulation requirement

	Parameter
	Value

	Interfering signal type
	UTRA signal of channel bandwidth same as wanted signal 1.

	Interfering signal level
	Power level declared by the base station manufacturer 2.

	Frequency offset between interfering signal and wanted signal
	0 MHz



	NOTE 1: The interference signal shall be uncorrelated with the wanted signal.

NOTE 2: The declared power level is the maximum power level caused by intra-system antenna coupling. 


6.7.4
Minimum requirement for single RAT E-UTRA operation

6.7.4.1
General co-location minimum requirement
The transmitter intermodulation level shall not exceed the unwanted emission limits in subclauses 6.6.2, 6.6.3 and 6.6.4 in the presence of an E-UTRA interfering signal according to Table 6.7.4.1‑1.

The requirement is applicable outside the Base Station RF bandwidth or radio bandwidth. The interfering signal offset is defined relative to the Base Station RF bandwidth edges or radio bandwidth edges.
For a BS operating in non-contiguous spectrum, the requirement is also applicable inside a sub-block gap for interfering signal offsets where the interfering signal falls completely within the sub-block gap. The interfering signal offset is defined relative to the sub-block edges.

For a BS capable of multi-band operation, the requirement applies relative to the RF bandwidth edges of each supported operating band. In case the inter RF bandwidth gap is less than 15 MHz, the requirement in the gap applies only for interfering signal offsets where the interfering signal falls completely within the inter RF bandwidth gap.

The wanted signal and interfering signal centre frequency is specified in Table 6.7.4.1‑1.

Table 6.7.4.1-1 Interfering and wanted signals for the co-location 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, 32 operating within 1475.9-1495.9MHz, 34.


6.7.4.2
Additional requirement for Band 41

In certain regions the following requirement may apply. For E-UTRA BS operating in Band 41, the transmitter intermodulation level shall not exceed the maximum levels specified in Table 6.6.2.1-2 with a square filter in the first adjacent channel, Table 6.6.3.3-7 and Table 6.6.4.3.1-6 in the presence of an interfering signal according to Table 6.7.4.2‑1.

Table 6.7.4.2-1 Interfering and wanted signals for the additional co-location transmitter intermodulation requirement for Band 41

	Parameter
	Value

	Wanted signal
	E-UTRA single carrier (NOTE)

	Interfering signal type
	E-UTRA signal of the same channel bandwidth as the wanted signal

	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) centre  frequency of the wanted signal 
	± BWChannel
± 2 x BWChannel

	NOTE:
This requirement applies for 10 or 20 MHz E-UTRA carriers allocated within 2545-2575MHz or 2595-2645MHz.


6.7.4.3
Intra-system minimum requirement
The transmitter intermodulation level shall not exceed the unwanted emission limits specified for operating band unwanted emission and ACLR in the presence of a wanted signal and an interfering signal according to Table 6.7.4.3-1 for BS operation in BC1, BC2 and BC3.

Table 6.7.4.3-1: Interfering signals for intra-system transmitter intermodulation requirement
	Parameter
	Value

	Interfering signal type
	E-UTRA signal of channel bandwidth same as wanted signal 1.

	Interfering signal level
	Power level declared by the base station manufacturer 2.

	Frequency offset between interfering signal and wanted signal
	0 MHz



	NOTE 1: The interference signal shall be uncorrelated with the wanted signal.

NOTE 2: The declared power level is the maximum power level caused by intra-system antenna coupling. 


[The end of draft]
