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1
Introduction

As part of the work introducing corrections to the MSR specifications, there has been a discussion around the multi-band test configurations where different aspects of multi-band testing have been discussed during the previous RAN4 meeting. As multi-band was a rel-11 work item, it is important to review the principles around which the MB test configurations were developed and any changes to the test configurations should be aligned with these principles and agreements made as part of the work to devise these MB test configurations.

This contribution provides an overview of the MB testing and tracks the background of the principles on which the MB test configurations were designed. This paper only covers the multi-band testing of two bands as the conformance specifications today cover without considering the discussion and possible implications of defining generic test configurations for many bands involved in multi-band.
2
Principles behind Multi-band testing
The conformance testing and existing test configurations were specified over a period of several RAN4 meetings so the current conformance specification for multi-band was agreed after extensive discussion and analysis. A sub-set of the papers covering the multi-band testing are presented in [1-10].

During the course of developing conformance for multi-band, it became evident that we would have an exponential increase in test permutation unless the testing should be limited to a few cases. However, it was agreed that the choice of such cases should be based on the assumption that the limited number of selected cases ensure the most stressing scenarios for capturing different characteristics of multi band implementation of receivers and transmitters.
An example on multiplicative test permutation increase was discussed in [1] where it was shown that a combination of support for contiguous/non-contiguous operation and the different per-band declared maximum RFBW for C/NC would result in multiplicative increase of testing.
Assuming the scenario where the declared Maximum RFBW per band would be different for contiguous and non-contiguous operation, for MB testing as in figure 1.
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                                                                                     Figure 1
Single band contiguous/non-contiguous declaration per band for MB-MSR
The following permutations for multi-band operation might need to be tested for this case:

	Band x
	Band Y

	Contiguous
	Contiguous

	Contiguous
	Non-contiguous

	Non-contiguous
	Contiguous

	Non-contiguous
	Non-contiguous


Considering the current test configurations and test applicability tables, the following observations can be made:
Observation 1:

- The vast majority of the requirements and also all critical requirements are tested for both single band and multi band. The extract from multi-band specific table in TS 37.141 is given below:
5.3
Multi-band capable Base Stations
Table 5.3-1: Test configurations for Multi-Band capable BS (all Capability Sets)

	BS test case
	Test for Multi-Band capable BS
	Test configuration for MBT

	
	Common antenna connector
	Separate antenna connector
	BC1/BC2
	BC3

	6.2 Base Station output power
	-
	-
	-
	-

	Base Station maximum output power 
	SBT, MBT
	SBT, MBT
	TC7a
	TC7a

	Additional regional requirement
(only for band 34)
	N/A
	N/A
	N/A
	-

	E-UTRA for DL RS power
	SBT
	SBT
	-
	-

	UTRA FDD primary CPICH power
	SBT
	SBT
	-
	-

	UTRA TDD primary CCPCH power
	SBT
	SBT
	-
	-

	6.3 Output power dynamics
	-
	-
	
	

	E-UTRA
	SBT
	SBT
	-
	-

	UTRA FDD
	SBT
	SBT
	-
	-

	UTRA TDD
	SBT
	SBT
	-
	-

	GSM/EDGE
	SBT
	SBT
	-
	-

	6.4 Transmit ON/OFF power
	
	
	-
	-

	Transmitter OFF power
	MBT
	MBT
	N/A
	TC7a

	Transmitter transient period
	MBT
	MBT
	N/A
	TC7a

	6.5 Transmitted signal quality
	
	
	
	

	6.5.1 Modulation quality
	
	
	
	

	E-UTRA
	SBT, MBT
	SBT, MBT
	TC7a
	TC7a

	UTRA FDD
	SBT, MBT
	SBT, MBT
	TC7a
	N/A

	UTRA TDD
	SBT, MBT
	SBT, MBT
	N/A
	TC7a

	GSM/EDGE
	SBT, MBT
	SBT, MBT
	TC7a
	N/A

	6.5.2 Frequency error
	
	
	
	

	E-UTRA
	SBT, MBT
	SBT, MBT
	TC7a
	TC7a

	UTRA FDD
	SBT, MBT
	SBT, MBT
	TC7a
	N/A

	UTRA TDD
	SBT, MBT
	SBT, MBT
	N/A
	TC7a

	GSM/EDGE
	SBT, MBT
	SBT, MBT
	TC7a
	N/A

	6.5.3 Time alignment between transmitter branches
	
	
	
	

	E-UTRA
	SBT, MBT​​1
	SBT, MBT​​1
	TC7b
	TC7b 

	UTRA FDD
	SBT, MBT​​1
	SBT, MBT​​1
	TC7b
	N/A



	UTRA TDD
	SBT
	SBT
	N/A
	-

	6.6 Unwanted emissions
	
	
	
	

	6.6.1 Transmitter spurious emissions
	
	
	
	

	(Category A)
	SBT, MBT
	SBT2, MBT2
	TC7b
	TC7b

	(Category B)
	SBT, MBT
	SBT2, MBT2
	TC7b
	TC7b

	Additional requirement for BC2 (Category B)
	SBT, MBT3
	SBT2, MBT2, 3
	TC7b
	N/A




	Protection of the BS receiver of own or different BS
	SBT, MBT
	SBT2, MBT2
	TC7b
	TC7b

	Additional spurious emissions requirements
	SBT, MBT
	SBT2, MBT2
	TC7b
	TC7b

	Co-location with other Base Stations
	SBT, MBT
	SBT2, MBT2
	TC7b
	TC7b

	6.6.2 Operating band unwanted emissions
	
	
	
	

	General requirement for Band Categories 1 and 3
	SBT, MBT
	SBT2, MBT2
	TC7b
	TC7b

	General requirement for Band Category 2
	SBT, MBT
	SBT2, MBT2
	TC7b
	N/A

	GSM/EDGE single-RAT requirement
	SBT, MBT
	SBT2, MBT2
	TC7c
	N/A

	Additional requirements
	SBT, MBT
	SBT2, MBT2
	-
	-

	6.6.3 Occupied bandwidth
	
	
	
	

	Minimum requirement
	SBT
	SBT
	-
	-

	6.6.4 Adjacent Channel Leakage power Ratio (ACLR)
	
	
	-
	-

	E- UTRA
	SBT, MBT4
	SBT2, MBT2, 4 
	TC7b
	TC7b 

	UTRA FDD
	SBT, MBT4
	SBT2, MBT2, 4
	TC7b
	N/A 

	UTRA TDD
	SBT, MBT4
	SBT2, MBT2, 4
	N/A
	TC7b

	Cumulative ACLR
	SBT, MBT4
	SBT2
	TC7b
	TC7b 

	6.7 Transmitter intermodulation
	
	
	
	

	General requirement
	SBT
	SBT2
	-
	-

	Additional requirement (BC1 and BC2)
	SBT
	SBT2
	-
	N/A

	Additional requirement (BC3)
	SBT
	SBT2
	N/A
	-

	7.2 Reference sensitivity level
	
	
	
	

	E-UTRA
	SBT
	SBT
	-
	-

	UTRA FDD
	SBT
	SBT
	-
	-

	UTRA TDD
	SBT
	SBT
	-
	-

	GSM/EDGE
	SBT
	SBT
	-
	-

	7.3 Dynamic range
	
	
	
	

	E-UTRA
	SBT
	SBT
	-
	-

	UTRA FDD
	SBT
	SBT
	-
	-

	UTRA TDD
	SBT
	SBT
	-
	-

	GSM/EDGE
	SBT
	SBT
	-
	-

	7.4 In- band selectivity and blocking
	
	
	
	

	General blocking requirement
	MBT
	SBT, MBT5
	TC7b
	TC7b

	General narrowband blocking requirement
	MBT
	SBT, MBT5
	TC7b
	TC7b 

	Additional narrowband blocking requirement for GSM/EDGE
	SBT
	SBT
	-
	

	GSM/EDGE requirements for AM suppression
	SBT
	SBT
	-
	

	Additional BC3 blocking requirement
	MBT
	SBT, MBT5
	N/A
	TC7b

	7.5 Out-of-band blocking
	
	
	
	

	General requirement
	MBT
	SBT, MBT5
	TC7b
	TC7b

	Co-location requirement
	MBT
	SBT, MBT5
	TC7b
	TC7b

	7.6 Receiver spurious emissions
	
	
	
	

	General requirement
	SBT, MBT
	SBT2 MBT2
	TC7b
	TC7b

	Additional requirement for BC2 (Category B)
	SBT, MBT3
	SBT2, MBT2, 3
	TC7b
	N/A



	7.7 Receiver intermodulation
	
	
	
	

	General intermodulation requirement
	MBT
	SBT, MBT5
	TC7b
	TC7b

	General narrowband intermodulation requirement
	MBT
	SBT, MBT5
	TC7b
	TC7b

	Additional narrowband intermodulation requirement for GSM/EDGE
	SBT
	SBT
	-
	N/A

	7.8 In-channel selectivity
	
	
	
	

	E-UTRA requirement
	SBT
	SBT
	-
	-

	NOTE 1:
MBT is only applicable when DB-DC-HSDPA / inter-band CA is supported.

NOTE 2:
Single-band requirement apply to each antenna connector for both multi-band operation test and single-band operation test. For single-band operation test, other antenna connector(s) is (are) terminated.

NOTE 3:
For multi-band operation, this additional requirement for BC2 is applicable only when all supported operating bands belong to BC2 and GSM/EDGE is configured in all operating bands.

NOTE 4:
For ACLR, MBT shall be applied for the Inter RF bandwidth gap only. In case of a BS capable of CS4, CS5 or CS6, the referenced test configuration shall be the corresponding one for CS1, CS2 or CS3 respectively, i.e. without GSM/EDGE carriers.
NOTE 5:
MBT is only applied for multi-band receiver.




Observation 2:

- Since the existing testing of both contiguous and non-contiguous operation per band is still applicable, the intention with the multi-band test configurations was focused on capturing the most stressful cases for multi-band implementations. As a result, a number of multi-band test configurations were developed to test the multi-band operation under two major conditions:

1. When the equipment is stressed to capacity with maximum number of carriers, i.e. “full carrier allocation” and
2. When carriers with high PSD are placed at the edges of the bands, i.e. “high PSD per carrier” case.

It was deemed that the multi-band specific testing based on the principles mentioned above in addition to single band testing would be sufficient and provide comprehensive test coverage together with the testing of contiguous and non-contiguous operation per band. 
An extract from the TS37.141 chapter 4.8.7 covering generation of MB-MSR test configurations is given below:
4.8.7
Generation of MB-MSR test configurations

4.8.7.1
TC7a: MB-MSR test configuration for full carrier allocation

The purpose of TC7a is to test multi-band operation aspects considering maximum supported number of carriers.

……

4.8.7.2
TC7b: MB-MSR test configuration with high PSD per carrier

The purpose of TC7b is to test multi-band operation aspects considering higher PSD cases with reduced number of carriers.

……

4.8.7.3
TC7c: MB-MSR test configuration with GSM/EDGE single RAT operation in one band

The purpose of TC7c is to test single-RAT GSM/EDGE UEM requirement for multi-band base station supporting GSM/EDGE single-RAT operation in BC2 band.

……

2.1 
On the intention of TC7b:

It is to be noted that for the “high PSD per carrier” test configuration, the analysis from the work on MSR-NC was used, where it was judged that less number of carriers with high PSD and with maximum separation in frequency would be the most stressful case for a transmitter both in relation to linearization as well as peak reduction schemes. Thus the “high PSD per carrier” case is designed in such a way that the carrier allocation in each of the bands in MB is similar to the carrier allocation in each of the sub-blocks in MSR-NC. Note that this does not mean that the carrier allocation within each band can be seen as representing “Non-contiguous operation” in that band. 
In multi-band, there is also a need to handle different combinations of band category and supported capability sets between bands, which means that allocation has to be partly independent between the bands. The carrier allocation per band for the “high PSD per carrier” test configuration looks like as in table 1 [10]. 
Table 1: Illustration of carrier allocation for different capability sets based on TC7b
	Applicability
	Per band carrier allocation

	Band category:  BC1, BC2 and BC3

Capability Set:  CS1
Based on NTC1a
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	Band category:  BC1, BC2 and BC3

Capability Set:  CS2

Based on NTC2
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	Band category:  BC1, BC2 and BC3

Capability Set:  CS3

Based on NTC3a
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	Band category:  BC2

Capability Set:  CS4
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	Band category:  BC2

Capability Set:  CS5
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The following three examples show the result of the carrier allocation generated by the “High PSD per carrier” test configuration, giving a small number of carriers and thereby a stressful high PSD:

Example 1)
Multi-band operation in Band1 (UTRA only) and Band3 (E-UTRA+ GSM): This would correspond to BC1+BC2 with various capability sets per band and corresponding multi-band test configuration would be:
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Example 2)
Multi-band operation in Band 8 (UTRA+GSM) and Band20 (E-UTRA only): This also would correspond to BC1+BC2 with various capability sets per band and corresponding multi-band test configuration would be:
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Example 3)
Multi-band operation in Band 1 (UTRA+E-UTRA) and Band7 (E-UTRA only): This also would correspond to BC1+BC1 with various capability sets per band and corresponding multi-band test configuration would be: 
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An approach that was avoided in the multiband work was to apply non-contiguous test configuration per band, since then twice as many carriers would be needed to produce the test configuration as shown in the figure below. In contrast, the approach taken was to re-use the NC test configurations and place the carriers in two bands treating each band as a sub-block (when compared to a SB NC operation) as shown in the example 3 above. This was done to ensure a stressful case in terms of high PSD. 

In case that the NC operation were to be tested in MB operation, the NC test configuration will need to be generated in each band resulting in an increase in the number of carriers per band, as shown in the figure below. Note that increasing the number of carriers would correspond to decrease in PSD per carrier and thus this would not correspond to most stressful case from multi-band implementation of e.g. transmitter., As an example, the carrier allocation for example 3) above would look as in the figure below:

[image: image13]
The figure shows that if each band is tested with non-contiguous test configuration, the number of carriers would double and the PSD level would decrease by 3 dB. 
In summary, RAN4 after extensive effort in the multi-band work item concluded on new multi-band test configurations considering the fact that contiguous plus non-contiguous testing per band still applies in conjunction with the new multi-band specific test configurations. The new multi-band test configurations were intended to capture the most stressful cases from receiver and transmitter point-of-view and they do not in any way restrict multiband operation to contiguous operation per band.
3
Summary and conclusion
In this paper, a background and principles behind development of the multi-band test configurations were elaborated. The following observations were made:

Observation 1: The vast majority of the requirements and also all critical requirements are tested for both single band and multi band.
Observation 2: The intention with the multi-band test configurations was to capture the most stressful cases for multi-band implementations and test the multi-band operation under two major conditions:

1. When the equipment is stressed to capacity with maximum number of carriers, i.e. “full carrier allocation” and

2. When carriers with high PSD are placed at the edges of the bands, i.e. “high PSD per carrier” case.

It was further agreed during the Multiband Work Item that the testing of contiguous and non-contiguous operation per band together with the testing of MB aspects in bullets 1) and 2) provide comprehensive MB test coverage.
Observation 3:TC7b is designed to test multi-band operation aspects considering higher PSD cases and thus the NC test configurations are re-used to place the carriers in two bands treating each band as a sub-block (when compared to a SB NC operation). This was done to ensure a stressful case in terms of high PSD.

Observation 4: In case that the NC operation were to be tested in MB operation, the NC test configuration will need to be generated in each band resulting in an increase in the number of carriers per band. An increase in the number of carriers in each band implies that the PSD per carrier would decrease which would imply a less stringent test case for multi-band testing.

Conclusion:
In the multi-band work, RAN4 concluded after extensive discussions on multi-band test covering the most stressful cases for multi-band implementation configurations, while avoiding excessive test permutations. These test configuration in conjunction with the contiguous plus non-contiguous testing per band provides sufficient test coverage and do not pose any restriction on per band operation.
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