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1. Introduction

During RAN4#65, a placement scheme for the RF bandwidths in dual-band operation has been proposed and agreed in [1]. Considerations for the placement have been provided during RAN4#64bis in [2]. This contribution continues to discuss the considerations and proposes possible placement schemes for the RF bandwidths in operation in an arbitrary number of bands.

2. Discussion
Requirements for the placement schemes
Subclause 4.9.1 in 37.141 states that most of the receiver and transmitter specifications shall be tested at the following positions of the RF bandwidth:

1. BRFBW: 
maximum RF bandwidth located at the bottom of the supported frequency range in the operating band.

2. MRFBW: 
maximum RF bandwidth located in the middle of the supported frequency range in the operating band.

3. TRFBW: 
maximum RF bandwidth located at the top of the supported frequency range in the operating band.

Additionally, it has been proposed in [2] that each inter-RF bandwidth gap is characterized at its extreme widths:

4. Each inter-RF bandwidth gap shall be tested at its minimum possible width.

5. Each inter-RF bandwidth gap shall be tested at its maximum possible width.

In addition, we propose that the base station shall be tested at its maximum declared “radio bandwidth”:

6. The BS shall be tested at the declared maximum radio bandwidth, i.e. the maximum possible distance between the outermost RF bandwidth edges in the lowest and highest operating band.

It is evident from the first three requirements that at least three sets of placements of the RF bandwidths are needed. More sets of placements are not desired, in order to keep the test time reasonable.
Observations on the maximum RF bandwidth
In general, the maximum RF bandwidths in case of multi-band operation cannot be uniquely defined. The reason is that the maximum RF bandwidths supported in each band may be dependent on each other. For instance, there may be a limitation on the sum of the RF bandwidths that can be processed simultaneously. In that case, there are several possible strategies to divide the maximum total available RF bandwidth over the different bands, as discussed in [3]. There may also be a limitation on the placement of the RF bandwidths because of the maximum “radio bandwidth” that can be processed simultaneously or due to generation of intermodulation products in co-location bands. In case that different strategies to divide the available “base station resources” over the operating bands lead to significant differences in the maximum RF bandwidth of an operating band, it may be considered to use different RF bandwidths in different positions. For instance, if a dual-band base station can support 15 MHz RF bandwidth in each band separately, but no more than 20 MHz in total, one may consider to test e.g. BRFBW at 5 MHz bandwidth, MRFBW at 10 MHz and TRFBW at 15 MHz. That way, all combinations of RF bandwidths proposed in [1] will have the same 20 MHz total RF bandwidth and all possible RF bandwidths per operating band will be tested.

Another observation is that the maximum inter-RF bandwidth gap (requirement 5 above) is generally obtained when less than the maximum RF bandwidth is used in the adjacent operating bands. However, testing at reduced RF bandwidth would need extra test scenarios and also deviate from the general principle in 37.141 that all tests are performed at maximum RF bandwidth. Hence, it should be enough to test operation with the maximum possible width of the RF bandwidth gap under the condition of operation in the maximum RF bandwidth.

As a first conclusion, we observe that the definitions of BRFBW, MRFBW and TRFBW need several notes on their interpretation in case of multi-band operation:

Note 1: In a base station capable of multi-band operation, the maximum RF bandwidths in each band are those supported for simultaneous operation in all supported bands.

Note 2: In a base station capable of multi-band operation, if the total supported RF bandwidth can be distributed in multiple ways over the operating bands, additional criteria are necessary for the selection of the band-specific maximum RF bandwidths. It is in principle possible to test different distributions of the RF bandwidths by making the width of the tested RF bandwidths dependent on their position in the operating band.

Note 3: In a base station operating in multiple operating bands, the supported operating frequency range in one band may depend on the used operating frequency range in another band (e.g. simultaneous operation at BRFBW in the lowest operating band and at TRFBW in the highest operating band might not be supported).
RF bandwidth placement for an even number of bands
Setting aside the uncertainty in the interpretation of maximum RF bandwidth, the scheme proposed in [1] for a dual-band BS meets all of the above six requirements using just three sets of placements of the RF bandwidths. Each RF bandwidth position is tested in each operating band. The minimum and maximum inter-RF bandwidth gaps are tested in the first two sets of placements, by selecting alternately the bottom and top position in the consecutive operating bands. The middle RF bandwidth positions are tested in the third set of placements. Below is a proposal how to extend this scheme to more than two bands.

In case of an even number N of bands, the extension of the scheme in [1] is straightforward. With the bands in order of frequency, the RF bandwidth positions are as below:

Example 1: RF bandwidth placement for an even number of bands.
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RF bandwidth placement for an odd number of bands

In case of an odd number of bands, it is in general not possible to meet all six requirements above with just three sets of placement. Take the example of three bands. The straightforward extension of the scheme in [1] is:
Example 2:
RF bandwidth placement for 3 bands, testing minimum and maximum inter-RF bandwidth gaps.
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Placement set 1: 
BRFBW

TRFBW

BRFBW
Placement set 2: 
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The placements in the above example meet all requirements apart from testing the maximum possible radio bandwidth. To achieve that goal, placement set 1 should be modified to use position TRFBW in the highest band. Because of the requirement to test three RF bandwidth positions in each band, this means in the second placement set position BRFBW should be used in the highest operating band:

Example 3a: Possible RF bandwidth placement for 3 bands, testing maximum radio bandwidth.
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Example 3b: Alternative RF bandwidth placement for 3 bands, testing maximum radio bandwidth.
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Using the placements in example 3a, the second inter-RF bandwidth gap will never be tested at its minimum and maximum possible width. Using the placements in example 3b, the first inter-RF bandwidth gap will never be tested at its minimum and maximum possible width.

As stated, the placements in example 2 are otherwise fine, apart from the missing test case for maximum radio bandwidth. However, the latter can be tested with the placements in example 2 if the base station supports full-band operation in the lowest or the highest operating band. This is demonstrated in the next two examples:

Example 4:
RF bandwidth placement for 3 bands, with full-band operation supported in the lowest band.
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Placement set 2: 
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Example 5:
RF bandwidth placement for 3 bands, with full-band operation supported in the highest band.
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Placement set 1: 
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Placement set 2: 
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Examples 4 and 5 keep the alternating placements BRFBW and TRFBW, so that they measure the minimum and maximum widths of all inter-RF bandwidth gaps. Within this alternation, a test case for the maximum radio bandwidth has been created by configuring BRFBW in the highest band or TRFBW in the lowest band as full-band. Configuring one of the operating bands for full-band operation may limit the maximum RF bandwidth in the other bands. Therefore it is not recommended to use full-band operation at other positions of the RF bandwidth, unless this can be done without undesired restrictions on the RF bandwidths in the other operating bands.

If the base station supports full-band operation in an inner operating band but not in any of the outer operating bands, it is not entirely possible to meet all six requirements in a set of just three placements. If one wants to test for the maximum radio bandwidth, the placements of example 3a or 3b must be used. Making use of the full-band capability, one could for instance apply the following placements:

Example 6a:
Possible RF bandwidth placement for 3 bands, with full-band operation supported in the middle band.
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Example 6b:
Alternative RF bandwidth placement for 3 bands, with full-band operation supported in the middle band.
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In example 6a, the maximum inter-RF bandwidth gap between bands 2 and 3 will not be tested and in example 6b the maximum inter-RF bandwidth gap between bands 1 and 2 will not be tested. However, the minimum inter-RF bandwidth gaps are all tested in the above two examples.

In our view, the most important requirements for the placement of the RF bandwidths are to verify operation at positions BRFBW, MRFBW and TRFBW in each operating band and to verify operation at the maximum declared radio bandwidth. Operation with different inter-RF bandwidth gaps can probably be characterized reliably enough when the position of the gap is shifted, but its width is kept essentially constant, like in examples 3a and 3b. By configuring full-band operation at one RF bandwidth position in one operating band it is possible to combine testing of the maximum radio bandwidth with tests of all inter-RF bandwidth gaps at their minimum width and in some cases also at their maximum width. However, this is no universally applicable solution and may have the drawback of undesired limitation of the RF bandwidths used in other operating bands.
Proposed placement scheme of the RF bandwidths for an arbitrary number of operating bands
In case of an even number of operating bands, bottom and top RF bandwidths can be placed alternately, according to section on RF bandwidth placement for an even number of bands. In case of an odd number of operating bands, the requirement to verify operation at maximum declared radio bandwidth overrules the requirement to test at minimum and maximum width of the inter-RF bandwidth gap and therefore the alternation must in general be broken. The following placement scheme is according to example 3a in case of an odd number of operating bands:
Placement set 1a:

· Number the operating bands, in order of frequency, from 1 to N.

· Configure BRFBW in operating band 1

· Configure TRFBW in operating band N

· If N≥3, configure TRFBW in operating band 2

· If N≥4, configure BRFBW in operating band N-1

· Continue the outward-to-inward alternate configuration of BRFBW and TRFBW in adjacent operating bands until all bands are filled.

Placement set 2a: Replace all occurrences of BRFBW in placement set 1a by TRFBW and all occurrences of TRFBW by BRFBW.

Placement set 3: Configure MRFBW in all operating bands.

Note: In case the base station does not support simultaneous operation at BRFBW in the lowest operating band and at TRFBW in the highest operating band, the positions of these bandwidths should be modified according to the maximum supported radio bandwidth.

In case of an odd number of operating bands and the possibility to configure full-band operation in the lowest or highest operating band without undesired restrictions to the RF bandwidths in the other bands, also the following placement scheme may be used:

Placement set 1b (note that this is the same as placement set 1a if N=even):

· Number the operating bands, in order of frequency, from 1 to N.

· Configure BRFBW in operating band 1

· Configure TRFBW in operating band 2

· If N≥3, configure BRFBW in operating band 3

· If N≥4, configure TRFBW in operating band 4

· Continue the low-to-high alternate configuration of BRFBW and TRFBW in adjacent operating bands until all bands are filled.

Placement set 2b: Replace all occurrences of BRFBW in placement set 1b by TRFBW and all occurrences of TRFBW by BRFBW.

Placement set 3: Configure MRFBW in all operating bands.

In placement sets 1b and 2b, in case of an odd number of operating bands, TRFBW in operating band 1 and/or BRFBW in operating band N shall be configured as full-band.

Note: In case the base station does not support simultaneous operation at the lowest edge of the lowest operating band and the highest edge of the highest operating band, less than full-band shall be configured, according to the maximum supported radio bandwidth.

3. Conclusion

The requirements for the placements of RF bandwidths in the tests of an MB-MSR BS have been reviewed.  The most important requirements for the placement of the RF bandwidths are to verify operation at positions BRFBW, MRFBW and TRFBW in each operating band and to verify operation at the maximum declared radio bandwidth. Verification of the operation with different widths of the inter-RF bandwidth gaps is desirable, but may cause the need for additional test configurations in case of an odd number of operating bands. In our opinion in most cases it should be sufficient to characterize operation at different positions of the gap, even if the gap width at the tested positions is essentially the same. This kind of characterization is possible without adding extra test cases.

Two different schemes for placement of the RF bandwidths have been proposed. One scheme is universally applicable, but will not test the minimum and maximum widths of all inter-RF bandwidth gaps in case of an odd number of operating bands. An alternative scheme realizes testing of the minimum and maximum widths of all inter-RF bandwidth gaps also in case of an odd number of operating bands, but requires configuration of the full operating band in the lowest or highest operating band.

In addition, it has been demonstrated that in general it is not possible to uniquely define the maximum RF bandwidths in each operating band and their width could even depend on their position. This observation will need additional statements in the definition of BRFBW, MRFBW and TRFBW.
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5. Text proposal to TR 37.812
8.2.2
RF channels

For multi-band operation, RF bandwidth position in each band shall be able to verify the multi-band capability and the requirements inside inter RF bandwidth gap. The most important requirements for the placement of the RF bandwidths are to verify operation at positions BRFBW, MRFBW and TRFBW in each operating band and to verify operation at the maximum declared radio bandwidth. Verification of the operation with different widths of the inter-RF bandwidth gaps is desirable, but may cause the need for additional test configurations in case of an odd number of operating bands. In most cases it should be sufficient to characterize operation at different positions of the gap, even if the gap width at the tested positions is essentially the same. This kind of characterization is possible without adding extra test cases.

Two different schemes for placement of the RF bandwidths are proposed. One scheme is universally applicable, but will not test the minimum and maximum widths of all inter-RF bandwidth gaps in case of an odd number of operating bands.

Placement set 1a:

· Number the operating bands, in order of frequency, from 1 to N.

· Configure BRFBW in operating band 1

· Configure TRFBW in operating band N

· If N≥3, configure TRFBW in operating band 2

· If N≥4, configure BRFBW in operating band N-1

· Continue the outward-to-inward alternate configuration of BRFBW and TRFBW in adjacent operating bands until all bands are filled.

Placement set 2a: Replace all occurrences of BRFBW in placement set 1a by TRFBW and all occurrences of TRFBW by BRFBW.

Placement set 3: Configure MRFBW in all operating bands.

Note: In case the base station does not support simultaneous operation at BRFBW in the lowest operating band and at TRFBW in the highest operating band, the positions of these bandwidths should be modified according to the maximum supported radio bandwidth.

An alternative scheme realizes testing of the minimum and maximum widths of all inter-RF bandwidth gaps also in case of an odd number of operating bands, but requires configuration of the full operating band in the lowest or highest operating band:
Placement set 1b:

· Number the operating bands, in order of frequency, from 1 to N.

· Configure BRFBW in operating band 1

· Configure TRFBW in operating band 2

· If N≥3, configure BRFBW in operating band 3

· If N≥4, configure TRFBW in operating band 4

· Continue the low-to-high alternate configuration of BRFBW and TRFBW in adjacent operating bands until all bands are filled.

Placement set 2b: Replace all occurrences of BRFBW in placement set 1b by TRFBW and all occurrences of TRFBW by BRFBW.

Placement set 3: Configure MRFBW in all operating bands.

In placement sets 1b and 2b, in case of an odd number of operating bands, TRFBW in operating band 1 and/or BRFBW in operating band N shall be configured as full-band.

Note: In case the base station does not support simultaneous operation at the lowest edge of the lowest operating band and the highest edge of the highest operating band, less than full-band shall be configured, according to the maximum supported radio bandwidth.
As an example, for BS capable of two band operation, unless otherwise stated, the test shall be performed at BRFBW_TRFBW, MRFBW_MRFBW and TRFBW_BRFBW defined as following:

BRFBW_TRFBW: maximum RF bandwidth located at the bottom of the supported frequency range in the lower band and at the top of the supported frequency range in the upper band.

TRFBW_BRFBW: maximum RF bandwidth located at the top of the supported frequency range in the lower band and at the bottom of the supported frequency range in the upper band.

MRFBW_MRFBW: maximum RF bandwidth located at the middle of the supported frequency range in the lower band and at the middle of the supported frequency range in the upper band.
In addition, it has been demonstrated that in general it is not possible to uniquely define the maximum RF bandwidths in each operating band and their width could even depend on their position. This observation will need additional notes in the definition of BRFBW, MRFBW and TRFBW:

Note 1: In a base station capable of multi-band operation, the maximum RF bandwidths in each band are those supported for simultaneous operation in all supported bands.

Note 2: In a base station capable of multi-band operation, if the total supported RF bandwidth can be distributed in multiple ways over the operating bands, additional criteria are necessary for the selection of the band-specific maximum RF bandwidths. It is in principle possible to test different distributions of the RF bandwidths by making the width of the tested RF bandwidths dependent on their position in the operating band.

Note 3: In a base station operating in multiple operating bands, the supported operating frequency range in one band may depend on the used operating frequency range in another band (e.g. simultaneous operation at BRFBW in the lowest operating band and at TRFBW in the highest operating band might not be supported).



3GPP


