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1 Introduction

Up to and until RAN4#74bis, the issue of how to correctly interpret the interferer signal level (i.e. Pinterferer)  that defined in the transmitter intermodulation requirement has been on-going [1 – 4]. Two interpretations exist, which are,

· Pinterferer = the mean power accumulated over all the carriers – 30dB

· Pinterferer = the mean power of the individual carrier – 30dB
Two solutions have been proposed to resolve the ambiguity:
Solution 1: Clarify the definition of the interfering signal level as [4]

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


Comments: Not agreeable as it caused relaxation to the requirements.

Solution 2: Modify the definition of mean power to cover multiple carriers as [1][2]

Mean power: When applied to E-UTRA transmission this is (the sum of) the power measured in the channel bandwidth of the carrier(s). The period of measurement shall be at least one subframe (1ms), unless otherwise stated. 

OR
Mean power: When applied to E-UTRA transmission this is the power measured in bandwidth of the carrier(s). The period of measurement shall be at least one subframe (1ms), unless otherwise stated.

Comments: Don’t touch this definition, don’t tighten the requirements, find other solutions. 
Based on the comments, both solutions were not agreeable by the proponents. 
In this contribution, we provide further considerations on how to address the ambiguity in the interfering signal level for the transmitter intermodulation requirement. Note that number of carriers and total bandwidth of the carriers also will also be considered.    

2 Discussion
Based on the comments from proponents, it is clear that the solution should not change the transmitter intermodulation requirement (i.e. either tightening or relaxing), rather about finding realistic value of Pinterferer so that  good LTE base station will not fail the transmitter intermodulation requirement (in subclause 6.6 of TS 36.104 [5]). 
Hence, Pinterferer should be interpreted realistically and unambiguously for single carrier and multi-carrier operation (including CA and NC case). Moreover, Pinterferer must be testable. It is also unquestionable that 30 dB of isolation or MCL should be maintained between the wanted signal and interfering signal for both single carrier and multi-carrier case (see Figure 2).
2.1 Transmitter intermodulation testing
Figure 1 shows the measure system for transmitter intremodulation requirement test [6].
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Figure 1: Measurement set-up for transmitter intermodulation 
(Extracted from Figure I.1-2 in Annex I.1.2 in TS36.141 [6])
From Figure 1, the interfering signal (5 MHz E-UTRA modulated signal) is generated from the signal generator according to E-TM1.1 and the power level is adjusted by ATT1 so that level of the E-UTRA interfering signal is 30dB below the mean power of the wanted signal according to the specification. The actual test procedure to verify the LTE BS transmitter intermodulation performance is provided in Appendix 1.   According to Appendix 1, the transmitter intermodulation test procedure is divided into
1. Generate the wanted signal  

2. Generate the interferer signal
3. Set the Pinterferer level
4. Carry out the test process (i.e. Step 4,5,6, etc in Appendix 1)
5. From test results (IMD product levels and frequency range), determine pass/fail criteria. 
From the test procedure in Appendix 1, for single carrier operation, the power for the wanted signal is generated at manufacturer’s declaration rated output power, and for multi-carrier and/or CA operation, the power setting for the wanted signal is specified as follow:
For a BS declared to support MC operation,

Set the power of each carrier to the same level so that the sum of the carrier powers equals the rated total output power according to the manufacturer’s declaration in subclause 4.6.8.
For a BS declared to support only CA operation,

Set the power spectral density of each carrier to the same level so that the sum of the carrier powers equals the rated total output power according to the manufacturer’s declaration in subclause 4.6.8. 

It can be seen that the power for the wanted signal is set using the rated (total) output power. So, by using “mean power of wanted signal” in Table 6.7.1-1 in [5] (see Appendix 2), we believe that this is inconsistent from the conformance test description above. Therefore, it is proposed to use rated output power concept also for Pinterferer. Thus, 
Proposal 1. The interfering signal level is the mean power level 30dB below the rated total output power of the wanted signal.
From TS 36.104 [5], when the BS is capable of single carrier operation only, then the rated total output power is equal to rated output power. Based on the proposal 1, the interfering signal and the wanted signal for transmitter intermodulation can be illustrated in Figure 2.


[image: image2]
Figure 2: Illustration of wanted signal and interferer for transmitter intermodulation based on proposal 1.

2.2 Intermodulation products frequency range
In this section, we would like to illustrate that the impact of frequency range of the generated Tx IMD products is not so critical because based on the frequnecy range of the IMD products, the corresponding requirements in subclause 6.6 of [5] can be applied accordingly. 

During the BS conformance testing, the intermodulation products frequency range should be considered for transmitter intermodulaiton requirement because the intermodulation mechanism is largely depend on the bandwidth of wanted signal and interfering signal affect the frequency range in which intermodulation products appear. In addition, the test requirements are based on which frequency range of the all third and fifth order intermodulation products appear.
When the wanted signal is single carrier, although  E-UTRA supports various bandwidths up to 20MHz, it is not necessary to capture all possible bandwidth combinations of wanted signal and interfering signal. Consequently the wanted signal channel bandwidth BWChannel shall be the maximum channel bandwidth supported by the base station. 
When the wanted signal is multiple carriers, the bandwidth of the multiple carriers should be considered because it will affect the intermodulation products frequency range. However, the width of the third and fifth order intermodulation products are only calculated by the single carrier case from the test procedure in Appendix 1. 
In theory, when the interfering signal bandwidth is fixed, the widths of the intermodulation products increase with the increase of the bandwidth of the wanted signal. Therefore, when we calculate the widths or the frequency range of the intermodulation products, the bandwidth of all carriers should be considered for a BS operating in multiple carriers, the bandwidth for all carriers is defined as the Base station RF bandwidth [7]. In addition, the sub-block bandwidth should also be considered in case of the interfering signal is located inside the sub-block gap for a BS operating in non-contiguous spectrum. Thus it is proposed:
Proposal 2. It should capture all possible combinations (e.g. 5+40, 5+60, 5+80 MHz) of the wanted signal and interfering signal bandwidths when we considering the widths of the intermodulation products.
The principle of how to capture the possible combinations of wanted signal and interferer bandwidths can be referred to MSR specification. In TS 37.141 [7], the widths of intermodulation products are:

●
 (n*BWF1 + m*5MHz) for the nF1(mF2 products

●
 (n*5MHz + m* BWF1) for the nF2(mF1 products

where BWF1 represents the test signal RF bandwidth, or channel bandwidth in case of single carrier, or sub- block bandwidth in case of the interfering signal is located inside the sub-block gap.
2.3 Large number of carriers
As more and more 3GPP frequency bands are specified, LTE BS products have to be able to support large number of carriers (e.g. >32 carriers) in future. Because the interfering signal level is proposed as 30dB below the rated total output power of all carriers, the requirement may become more and more stringent and it may cause another potential concern when the number of carriers increase to a very large number (e.g. >128). Therefore, an upper limit may be set for the interfering signal level in the case of large number of carriers, but this needs further study.  
3
Conclusions
In this contribution, we gave some further considerations on how to interpret the mean power of interfering signal level from test aspect when the wanted signal is multi-carrier for transmitter intermodulation. Based on the discussion above, the proposals are:

Proposal 1. The interfering signal level is the mean power level 30dB below the rated total output power of the wanted signal.

Proposal 2. It should capture all possible combinations (e.g. 5+40, 5+60, 5+80 MHz) of the wanted signal and interfering signal bandwidths when we considering the widths of the intermodulation products.

If the proposals are agreeable, then possible CRs for TS 36.104 and TS3 6.141 can be raised as illustrated in the Appendix 2. 
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Appendix 1: Tx IMD Test procedure
================================ Extracted from TS 36.141 [6] ===============================
6.7.4.2
Procedures

1)
For a BS declared to be capable of single carrier operation only (so based on this MC-capable BS does not need to carry out single-carrier testing), generate the wanted signal according to E-TM1.1 at manufacturer’s declared rated output power.

For a BS declared to be capable of multi-carrier and/or CA operation, set the base station to transmit according to E-TM1.1 on all carriers configured using the applicable test configuration and corresponding power setting specified in sub-clause 4.10 and 4.11.

2)
Generate the interfering signal according to E-TM1.1, with 5 MHz channel bandwidth and a centre frequency offset according to the conditions of Table 6.7.1-1 but exclude interfering frequencies that are outside of the allocated downlink operating band or interfering frequencies that are not completely within the sub-block gap or within the inter RF bandwidth gap.

3)
Adjust ATT1 so that level of the E-UTRA interfering signal is as defined in subclause 6.7.5.

4)
Perform the Out-of-band emission tests as specified in subclauses 6.6.2 and 6.6.3, for all third and fifth order intermodulation products which appear in the frequency ranges defined in subclauses 6.6.2 and 6.6.3. The width of the intermodulation products shall be taken into account.

5)
Perform the Transmitter spurious emissions test as specified in subclause 6.6.4, for all third and fifth order intermodulation products which appear in the frequency ranges defined in subclause 6.6.4. The width of the intermodulation products shall be taken into account.

6)
Verify that the emission level does not exceed the required level with the exception of interfering signal frequencies.

7)
Repeat the test for the remaining interfering signal centre frequency offsets according to the conditions of Table 6.7.1-1. 

In addition, for a multi-band capable BS, the following steps shall apply:

8)
For multi-band capable BS and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.

9)
For multi-band capable BS with separate antenna connector, the antenna connector not being under test shall be terminated.
NOTE: 

The third order intermodulation products are centred at 2F1(F2 and 2F2(F1. The fifth order intermodulation products are centred at 3F1(2F2, 3F2(2F1, 4F1(F2, and 4F2(F1 where F1 represents the wanted signal centre frequency and F2 represents the interfering signal centre frequency.
The widths of intermodulation products are:

·  (n*BWChannel + m*5MHz) for the nF1(mF2 products

· (n*5MHz + m*BWChannel) for the nF2(mF1 products

Appendix 2: Proposed Changes for TS36.104 and TS36.141

Proposed CR for TS36.104 v12.7.0
6.7.1
Minimum requirement

The transmitter 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 the antenna connector.

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 6.7.1‑1.

The requirement is applicable outside the channel bandwidth or Base Station RF bandwidth or radio bandwidth. The interfering signal offset is defined relative to the channel edges or lower (upper) 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 offset 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 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 rated total output 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.


6.7.2
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 6.7.2‑1.

Table 6.7.2-1 Interfering and wanted signals for the additional 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 rated output 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.


--------------------------------------------------------------------------------------------------------------------------------------------
Proposed CR for TS36.141 v12.7.0
6.7
Transmitter intermodulation

6.7.1
Definition and applicability

The transmitter 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 wanted signal and an interfering signal reaching the transmitter via the antenna. The requirement applies during the transmitter ON period and the transmitter transient period. 

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.

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 is E-UTRA single carrier, or multi-carrier, or multiple contiguously aggregated carriers, for both contiguous and non-contiguous spectrum operation.

The interfering signal centre frequency offset shall be as in Table 6.7.1-1.

Table 6.7.1-1 Interfering signal centre frequency offset

	Parameter
	Value

	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

	NOTE 1:
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. 
NOTE 2:
In certain regions, NOTE 1 is not applied in Band 1, 3, 8, 9, 11, 18, 19, 21, 28, 34.


The wanted signal channel bandwidth BWChannel shall be the maximum channel bandwidth supported by the base station.

The requirements shall apply whatever the type of transmitter considered (single carrier, multi-carrier and/or CA). It applies for all transmission modes foreseen by the manufacturer's specification.

In case that none of the interfering signal positions according to the conditions of Table 6.7.1-1 is applicable, a wanted signal channel bandwidth BWChannel less than the maximum channel bandwidth supported by the base station shall be selected so that at least one applicable interfering signal position according to Table 6.7.1-1 is obtained.
6.7.2
Minimum Requirement

 The minimum requirement is in TS 36.104 [2] subclause 6.7.1.

6.7.2A
Additional requirement for Band 41

The additional requirement for Band 41 in certain regions is in TS 36.104 [2] subclause 6.7.2.
6.7.3
Test purpose

The test purpose is to verify the ability of the BS transmitter to restrict the generation of intermodulation products in its non-linear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter via the antenna to below specified levels.
6.7.4
Method of test

6.7.4.1
Initial conditions

Test environment: 


normal; see Annex D.2.

RF channels to be tested for single carrier: 
B, M and T; see subclause 4.7. 

RF bandwidth positions to be tested for multi-carrier and/or CA: 
BRFBW, MRFBW and TRFBW; see subclause 4.7.1.
Connect the signal analyzer to the base station antenna connector as shown in Annex I.1.2.
6.7.4.2
Procedures

1)
For a BS declared to be capable of single carrier operation only, generate the wanted signal according to E-TM1.1 at manufacturer’s declared rated output power.


For a BS declared to be capable of multi-carrier and/or CA operation, set the base station to transmit according to E-TM1.1 on all carriers configured using the applicable test configuration and corresponding power setting specified in sub-clause 4.10 and 4.11.

2)
Generate the interfering signal according to E-TM1.1, with 5 MHz channel bandwidth and a centre frequency offset according to the conditions of Table 6.7.1-1 but exclude interfering frequencies that are outside of the allocated downlink operating band or interfering frequencies that are not completely within the sub-block gap or within the inter RF bandwidth gap.

3)
Adjust ATT1 so that level of the E-UTRA interfering signal is as defined in subclause 6.7.5.

4)
Perform the Out-of-band emission tests as specified in subclauses 6.6.2 and 6.6.3, for all third and fifth order intermodulation products which appear in the frequency ranges defined in subclauses 6.6.2 and 6.6.3. The width of the intermodulation products shall be taken into account.

5)
Perform the Transmitter spurious emissions test as specified in subclause 6.6.4, for all third and fifth order intermodulation products which appear in the frequency ranges defined in subclause 6.6.4. The width of the intermodulation products shall be taken into account.

6)
Verify that the emission level does not exceed the required level with the exception of interfering signal frequencies.

7)
Repeat the test for the remaining interfering signal centre frequency offsets according to the conditions of Table 6.7.1-1. 

In addition, for a multi-band capable BS, the following steps shall apply:

8)
For multi-band capable BS and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.

9)
For multi-band capable BS with separate antenna connector, the antenna connector not being under test shall be terminated.
NOTE: 

The third order intermodulation products are centred at 2F1(F2 and 2F2(F1. The fifth order intermodulation products are centred at 3F1(2F2, 3F2(2F1, 4F1(F2, and 4F2(F1 where F1 represents the wanted signal centre frequency or centre frequency of each sub-block in case of the interfering signal is located inside the sub-block gap and F2 represents the interfering signal centre frequency.
The widths of intermodulation products are:

·  (n*BWF1 + m*5MHz) for the nF1(mF2 products

· (n*5MHz + m* BWF1) for the nF2(mF1 products
where BWF1 represents the wanted signal RF bandwidth or channel bandwidth in case of single carrier, or sub-block bandwidth in case of the interfering signal is located inside the sub-block gap.
6.7.5
Test Requirements

In the frequency range relevant for this test, the transmit intermodulation level shall not exceed the out-of-band emission requirements of subclauses 6.6.2 and  6.6.3 and transmitter spurious emissions requirements of subclause 6.6.4 in the presence of a E-UTRA interfering signal with a mean power 30 dB below the rated total output power of the wanted signal.
The requirement is applicable outside the channel bandwidth or Base Station RF bandwidth or maximum radio bandwidth. The interfering signal offset is defined relative to the channel edges or lower (upper) or maximum 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 measurements for out-of-band emissions and spurious emission requirements due to intermodulation can be limited to the frequency ranges of all third and fifth order intermodulation products, considering the width of these products and excluding the bandwidths of the wanted and interfering signals.
NOTE: 
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test is defined in Annex G. The explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex G.
6.7.6
Additional test requirements for Band 41

In the frequency range relevant for this test, the transmitter intermodulation level shall not exceed the maximum levels according to Table 6.6.3.5.3-7 in the presence of a wanted signal and an interfering signal according to Table 6.7.2‑1 in TS 36.104 [2] for a BS operating in Band 41. The measurement may be limited to frequencies on which third and fifth order intermodulation products appear, considering the width of these products and excluding the bandwidths of the wanted and interfering signals.
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