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Introduction
The MSR test configurations and mapping between requirements and test configurations was extensively discussed in [1-3]. In this paper, we elaborate more on MSR transmit requirements and discuss the rationale for the proposed mapping between transmit requirements and proposed test configurations. In [4], the corresponding analysis is presented for MSR receiver requirements.
It should be noted that the proposed test configurations for Tx and Rx are constructed by applying existing single RAT test models and receiver reference channels on the corresponding carriers in the test configuration.
This paper also covers all concerned band categories i.e. BC1, BC2 and BC3 which would facilitate the possible harmonization and the overview for all requirements.

Discussion
The proposed MSR test configurations used in this paper are summarized below. Due to single RAT multi-carrier requirements, TC1 and TC2 were introduced to capture the UTRA and E-UTRA multi-carrier configurations. The remaining test configurations cover the multi-RAT scenarios. GSM multi-carrier aspects are already covered in MC-BTS specification. Note that TC5 is not applicable for Tx requriements.
Table 1
Test configuration overview

	
	TC1
	TC2
	TC3
	TC4
	TC5
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	Description
	UTRA multi carrier
	E-UTRA multi carrier
	Multi-RAT UTRA/E-UTRA
	Multi-RAT with GSM

(adapted for transmitter)
	Multi-RAT with GSM

(adapted for receiver)


The following is an analysis of every MSR transmit requirement as in TS 37.104 for all band categories. In some cases when needed, an additional Single Carrier (SC) configuration is added to ensure full test coverage.

For BC3, we refer to corresponding BC1 test configurations. The need for some more specific BC3 test configurations may require further investigation.
Legend:

TCx 
The conformance testing is performed using text configuration TCx.

SC
The conformance testing is performed using a test configuration consisting of a Single Carrier of the relevant RAT.

No need for test
There is no conformance testing in this case. The core requirement does apply for the operational configuration in question, but conformance testing is covered in another supported operational configuration.

N/A
Not applicable, The core requirement does not apply for the combination of operational configuration and band category.
6.2.1
BS output power: Minimum requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT 
E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	TC3


	N/A
	TC2


	TC1


	N/A

	BC2
	No need for test
	TC4
	TC2
	No need for test
	 Tested as MC-BTS

	BC3
	TC3
	N/A
	TC2
	TC1
	N/A

	Rationale
	Testing the power when configured as single RAT as well as multi-RAT.


6.2.3
E-UTRA minimum requirement for DL RS power

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	No need for test


	N/A
	SC

SC
	N/A
	N/A

	BC2
	No need for test
	No need for test
	SC
	N/A
	N/A

	BC3
	No need for test
	N/A
	SC
	N/A
	N/A

	Rationale
	This is a pure E-UTRAsingle RAT requirement and thus sufficient to have SC test.


6.2.4
UTRA FDD minimum requirement for primary CPICH power

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	No need for test
	N/A
	N/A
	SC
	N/A

	BC2
	No need for test
	No need for test
	N/A
	SC
	N/A

	BC3
	N/A
	N/A
	N/A
	N/A
	N/A

	Rationale
	This is a pure UTRA single RAT requirement and thus sufficient to have SC test.


6.2.5
UTRA TDD minimum requirement for primary CCPCH power

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	N/A
	N/A
	N/A

	BC2
	N/A
	N/A
	N/A
	N/A
	N/A

	BC3
	No need for test
	N/A
	N/A
	SC
	N/A

	Rationale
	This is a pure UTRA TDD single RAT requirement and thus sufficient to have SC test.


6.3.1
Output power dynamics E-UTRA minimum requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	No need for test
	N/A
	SC
	N/A
	N/A

	BC2
	No need for test
	No need for test
	SC
	N/A
	N/A

	BC3
	No need for test
	N/A
	SC
	N/A
	N/A

	Rationale
	This is a pure E-UTRA single RAT requirement and thus sufficient to have SC test.


6.3.2
Output power dynamics UTRA FDD minimum requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	No need for test
	N/A
	N/A
	SC
	N/A

	BC2
	No need for test
	No need for test
	N/A
	SC
	N/A

	BC3
	N/A
	N/A
	N/A
	N/A
	N/A

	Rationale
	This is a pure UTRA single RAT requirement and thus sufficient to have SC test.


6.3.3
Output power dynamics UTRA TDD minimum requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	N/A
	N/A
	N/A

	BC2
	N/A
	N/A
	N/A
	N/A
	N/A

	BC3
	No need for test
	N/A
	N/A
	SC
	N/A

	Rationale
	This is a pure UTRA TDD single RAT requirement and thus sufficient to have SC test.


6.3.4
Output power dynamics GSM/EDGE minimum requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	N/A
	N/A
	N/A

	BC2
	N/A
	No need for test
	N/A
	N/A
	Tested according to MC-BTS

	BC3
	N/A
	N/A
	N/A
	N/A
	N/A

	Rationale
	This is a pure GSM  single RAT requirement and thus sufficient to test according to the MC-BTS specification.


6.4
Transmit ON/OFF power

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	N/A
	N/A
	N/A

	BC2
	N/A
	N/A
	N/A
	N/A
	N/A

	BC3
	TC3 
	N/A
	No need for test
	No need for test
	N/A

	Rationale
	This is a TDD requirement and to reduce the number of tests, we propose to perform multi-RAT tests when operaing with both E-UTRA TDD and TD-SCDMA.


6.5.1.1
Modulation quality E-UTRA minimum requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	TC3
	N/A
	TC2
	N/A
	N/A

	BC2
	No need for test
	TC4
	TC2
	N/A
	N/A

	BC3
	TC3
	N/A
	TC2
	N/A
	N/A

	Rationale
	It is benefitial to measure the EVM for multi-RAT scenarios to ensure that EVM is not detoriated when multi carrier/ multi-RAT operation applies.


6.5.1.2
Modulation quality UTRA FDD minimum requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	TC3
	N/A
	N/A
	TC1
	N/A

	BC2
	No need for test
	TC4
	N/A
	TC1
	N/A

	BC3
	N/A
	N/A
	N/A
	N/A
	N/A

	Rationale
	It is benefitial to measure the EVM and RCDE for multi-RAT scenarios to ensure that signal quality is not detoriated when multi carrier /multi-RAT operation applies. 


6.5.1.3
Modulation quality UTRA TDD minimum requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	N/A
	N/A
	N/A

	BC2
	N/A
	N/A
	N/A
	N/A
	N/A

	BC3
	TC3
	N/A
	N/A
	TC1
	N/A

	Rationale
	It is benefitial to measure the EVM and RCDE for multi-RAT scenarios to ensure that signal quality is not detoriated when multi carrier /multi-RAT operation applies. 


6.5.1.4
Modulation quality GSM/EDGE minimum requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	N/A
	N/A
	N/A

	BC2
	N/A
	TC4
	N/A
	N/A
	According to MC-BTS

	BC3
	N/A
	N/A
	N/A
	N/A
	N/A

	Rationale
	It is benefitial to measure the EVM for multi-RAT scenarios to ensure that EVM is not detoriated when multi carrier /multi-RAT operation applies. 


6.5.2.1
Frequency error E-UTRA minimum requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	No need for test
	N/A
	SC
	N/A
	N/A

	BC2
	No need for test
	No need for test
	SC
	N/A
	N/A

	BC3
	No need for test
	N/A
	SC
	N/A
	N/A

	Rationale
	It is sufficient to perform SC test on frequency error per RAT regardless of operation mode. 


6.5.2.2
Frequency error UTRA FDD minimum requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	No need for test
	N/A
	N/A
	SC
	N/A

	BC2
	No need for test
	No need for test
	N/A
	SC
	N/A

	BC3
	N/A
	N/A
	N/A
	N/A
	N/A

	Rationale
	It is sufficient to perform SC test on frequency error per RAT regardless of operation mode. 


6.5.2.3
Frequency error UTRA TDD minimum requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	N/A
	N/A
	N/A

	BC2
	N/A
	N/A
	N/A
	N/A
	N/A

	BC3
	No need for test
	N/A
	N/A
	SC
	N/A

	Rationale
	It is sufficient to perform SC test on frequency error per RAT regardless of operation mode.


6.5.2.4
Frequency error GSM/EDGE minimum requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	N/A
	N/A
	N/A

	BC2
	N/A
	No need for test
	N/A
	N/A
	According to MC-BTS

	BC3
	N/A
	N/A
	N/A
	N/A
	N/A

	Rationale
	It is sufficient to perform SC test on frequency error per RAT regardless of operation mode. 


6.5.3.1
Time alignment between transmitter branches: E-UTRA minimum Requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	No need for test
	N/A
	SC
	N/A
	N/A

	BC2
	No need for test
	No need for test
	SC
	N/A
	N/A

	BC3
	No need for test
	N/A
	SC
	N/A
	N/A

	Rationale
	Time alignment is a single RAT requirement which is RAT independent and thus SC test per RAT regardless of operation mode is sufficient. 


6.5.3.2
Time alignment between transmitter branches: UTRA FDD minimum Requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	No need for test
	N/A
	N/A
	SC
	N/A

	BC2
	No need for test
	No need for test
	N/A
	SC
	N/A

	BC3
	N/A
	N/A
	N/A
	N/A
	N/A

	Rationale
	Time alignment is a single RAT requirement which is RAT independent and thus SC test per RAT regardless of operation mode is sufficient.


6.5.3.3
Time alignment between transmitter branches: UTRA TDD minimum Requirement

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	N/A
	N/A
	N/A

	BC2
	N/A
	N/A
	N/A
	N/A
	N/A

	BC3
	No need for test
	N/A
	N/A
	SC
	N/A

	Rationale
	Time alignment is a single RAT requirement which is RAT independent and thus SC test per RAT regardless of operation mode is sufficient.


6.6.1.1.1 Cat A Spurious emissions

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	TC3
	N/A
	No need for test
	No need for test
	N/A

	BC2
	TC3 for BS not supporting GSM, otherwise No need for test
	TC4
	No need for test
	No need for test
	No need for test

	BC3
	TC3
	N/A
	No need for test
	No need for test
	N/A

	Rationale
	CAT A spurious emission in the MSR specification is a generic multi-carrier and  multi-RAT requirement.


6.6.1.1.2 Cat B Spurious emissions

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	TC3
	N/A
	No need for test
	No need for test
	N/A

	BC2
	TC3 for BS not supporting GSM, otherwise No need for test
	TC4
	No need for test
	No need for test
	No need for test

	BC3
	TC3
	N/A
	No need for test
	No need for test
	N/A

	Rationale
	CAT B spurious emission which in the MSR specification constitutes of the most stringent requirements take from all RATs is a generic multi-carrier and multi-RAT requirement.


6.6.1.1.3 Additional Cat B, BC2 Spurious emissions

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	N/A
	N/A
	N/A

	BC2
	TC3 for BS not supporting GSM, otherwise No need for test
	TC4
	No need for test
	No need for test
	No need for test

	BC3
	N/A
	N/A
	N/A
	N/A
	N/A

	Rationale
	The additional Cat B spurious emission covers the more strict GSM requiremensta and thus is applicable for multi-RAT operation.


6.6.1.2
Protection of the BS receiver of own or different BS

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	TC3
	N/A
	No need for test
	No need for test
	N/A

	BC2
	TC3 for BS not supporting GSM, otherwise No need for test
	TC4
	No need for test
	No need for test
	No need for test

	BC3
	TC3
	N/A
	No need for test
	No need for test
	N/A

	Rationale
	Like spurious emission, this requirement is a generic requirements and should be tested in multi-RAT operation mode.


6.6.1.3
Co-existence spurious requirements 

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	TC3
	N/A
	No need for test
	No need for test
	N/A

	BC2
	TC3 for BS not supporting GSM, otherwise No need for test
	TC4
	No need for test
	No need for test
	No need for test

	BC3
	TC3
	N/A
	No need for test
	No need for test
	N/A

	Rationale
	Like other spurious emission requirements, this requirement is a generic requirements and should be tested in multi-RAT operation mode.


6.6.1.4
Co-location spurious requirements

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	TC3
	N/A
	No need for test
	No need for test
	N/A

	BC2
	TC3 for BS not supporting GSM, otherwise No need for test
	TC4
	No need for test
	No need for test
	No need for test

	BC3
	TC3
	N/A
	No need for test
	No need for test
	N/A

	Rationale
	Co-location spurious emission requirements, this requirement is a generic requirements and should be tested in multi-RAT operation mode.


6.6.2.1 General BC1 and BC3 operating band unwanted emissions

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	TC3
	N/A
	SC
	SC
	N/A

	BC2
	N/A
	N/A
	N/A
	N/A
	N/A

	BC3
	TC3
	N/A
	SC
	SC
	N/A

	Rationale
	In addition to multi-carrier and  multi-RAT tests, there might be a need to test single carrier configuration to ensure that if major or all part of total power (as declared) is allocated on one carrier, the operating band unwanted emission is stil fulfilled. 


6.6.2.2 General BC2 operating band unwanted emissions

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	N/A
	N/A
	N/A

	BC2
	TC3 for BS not supporting GSM, otherwise No need for test
	TC4
	SC
	SC
	N/A

	BC3
	N/A
	N/A
	N/A
	N/A
	N/A

	Rationale
	In addition to multi-carrier and  multi-RAT tests, there might be a need to test single carrier configuration to ensure that if major or all part of total power is allocated on one carrier, the operating band unwanted emission is stil fulfilled. The proposed TC4 where GSM carriers with high power spectral density is allocated to the edges would pose the most stringent scenario from transmitter linearization point of view.


6.6.2.3
GSM/EDGE single-RAT requirements

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	N/A
	N/A
	N/A

	BC2
	N/A
	N/A
	N/A
	N/A
	According to  MC-BTS

	BC3
	N/A
	N/A
	N/A
	N/A
	N/A

	Rationale
	GSM single RAT requirements based on MC-BTS.


6.6.2.4 Additional requirements, FCC…

Requirements refer to article 47 and are not defined as specific levels for each band. There are no core requirements defined in TS 37.104.

6.6.3
Occupied bandwidth


	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	SC
	SC
	N/A

	BC2
	N/A
	N/A
	SC
	SC
	N/A

	BC3
	N/A
	N/A
	SC
	SC
	N/A

	Rationale
	This is a single carrier requirement for UTRA and E-UTRA and should be tested accordingly.


6.6.4.1
Adjacent Channel Leakage power Ratio (ACLR)
E-UTRA minimum requirement
	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	TC3
	N/A
	TC2 and SC
	N/A
	N/A

	BC2
	TC3
	No need for test
	TC2 and SC
	N/A
	N/A

	BC3
	TC3
	N/A
	TC2 and SC
	N/A
	N/A

	Rationale
	E-UTRA ACLR Requirements should be tested as multi-carrier and multi-RAT but also for highet supported E-UTRA bandwidths e.g. 20 MHz as single carrier. 


6.6.4.2
Adjacent Channel Leakage power Ratio (ACLR)
UTRA FDD minimum requirement
	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	TC3
	N/A
	N/A
	TC1
	N/A

	BC2
	TC3
	No need for test
	N/A
	TC1
	N/A

	BC3
	N/A
	N/A
	N/A
	N/A
	N/A

	Rationale
	UTRA ACLR requirements already in UTRA specification are defined as multi carrier. For MSR multi-carrier and multi-RAT scenarios should be included. 


6.6.4.3
Adjacent Channel Leakage power Ratio (ACLR)
UTRA TDD minimum requirement
	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	N/A
	N/A
	N/A

	BC2
	N/A
	N/A
	N/A
	N/A
	N/A

	BC3
	TC3
	N/A
	N/A
	TC1
	N/A

	Rationale
	UTRA ACLR requirements already in UTRA specification are defined as multi carrier. For MSR multi-carrier and multi-RAT scenarios should be included. 


6.7.1
General TX intermodulation

TX Intermodulation requirements are based on operating band unwanted emissions, spurious emission etc and consequently the same test configurations should be used as in subclause 6.6. 
6.7.2
Additional BC2 TX intermodulation

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	N/A
	N/A
	N/A

	BC2
	No need for test
	TC4
	No need for test
	No need for test
	No need for test

	BC3
	N/A
	N/A
	N/A
	N/A
	N/A

	Rationale
	Inclusion of GSM TX Intermodulation requirements for BC2 is based on operating band unwanted emission, spurious emission etc and consequently the same test configurations should be used.


6.7.3
Additional BC3 TX intermodulation

	Operational configuration
	Multi RAT w/o GSM
	Multi RAT w GSM
	Single RAT E-UTRA
	Single RAT UTRA
	Single RAT GSM

	BC1
	N/A
	N/A
	N/A
	N/A
	N/A

	BC2
	N/A
	N/A
	N/A
	N/A
	N/A

	BC3
	TC3
	N/A
	No need for test
	No need for test
	N/A

	Rationale
	Inclusion of TDD specific TX Intermodulation requirementsfor BC3 is based on operating band unwanted emission, spurious emission etc and consequently the same test configurations should be used.


Summary and proposal
In this paper, we further elaborate on transmitter test configurations and the mapping between requirements and test configurations.  
We also would propose that the proposed test configurations and mapping between transmit requirements and tests configurations to be approved by RAN4 to enable further work on conformance tests.
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