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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]. Contribution [3] continues to discuss the considerations and proposes possible placement schemes for the RF bandwidths in operation in an arbitrary number of bands. This contribution is an update of [3] with RAN4 agreement multi-band test specification will cover multi-band operation for two bands only.
2. Discussion
Sub-clause 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 declared maximum radio bandwidth:

6. The BS shall be tested at the declared maximum radio bandwidth, i.e. the maximum frequency difference between the upper edge of the highest used carrier and the lower edge of the lowest used carrier.

It is evident from the first three requirements that at least three sets of placements of the RF bandwidths are needed. For instance, in case of two operating bands, the above requirements are met if the test is performed at BRFBW_TRFBW, MRFBW_MRFBW and TRFBW_BRFBW defined as follows [1]:

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

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

MRFBW_MRFBW: maximum RF bandwidth located at the middle of the supported frequency range in the lower operating band and at the middle of the supported frequency range in the upper operating band.
More than three sets of placements are not desired, in order to keep the test time reasonable. However, more tests are inevitable if the base station does not support one or more of the above combinations of RF bandwidths. For instance, if the combination BRFBW_TRFBW is not supported due to insufficient maximum radio bandwidth, this case shall be split into two tests:

1. BRFBW_T’RFBW: maximum RF bandwidth located at the bottom of the supported frequency range in the lower operating band and the highest possible simultaneous position of the maximum RF bandwidth in the supported frequency range in the upper operating band.

2. B’RFBW_TRFBW: maximum RF bandwidth located at the top of the supported frequency range in the upper operating band and the lowest possible simultaneous position of the maximum RF bandwidth in the supported frequency range in the lower operating band.

A similar methodology applies in case the base station does not support simultaneous operation at MRFBW in the lower operating band and at MRFBW in the upper operating band.
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 deviates 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.
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 [4]. It is also possible that the maximum RF bandwidth depends on its position in the operating band. For instance, it is possible that the RF bandwidth at an edge of the operating band must be limited due to generation of intermodulation products in a co-location band. 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 may be able to support 15MHz RF bandwidth in each band separately, but no more than 20MHz in total, one may consider to test e.g. BRFBW at 5MHz bandwidth, MRFBW at 10MHz and TRFBW at 15MHz. That way, all combinations of RF bandwidths in the above tests will have the same 20MHz total RF bandwidth and all possible RF bandwidths per operating band will be tested.

The possible interdependency between the maximum RF bandwidths in the supported operating bands should be expressed as a note to their definition:
Note: 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.

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 declared maximum radio bandwidth. 

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, the tested RF bandwidth positions in each band shall allow to verify the multi-band capability and the requirements inside the 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 declared maximum radio bandwidth.
For BS capable of  dual-band operation, unless otherwise stated, the test shall be performed at BRFBW_TRFBW, MRFBW_MRFBW and TRFBW_BRFBW defined as follows:

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

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

MRFBW_MRFBW: maximum RF bandwidth located at the middle of the supported frequency range in the lower operating band and at the middle of the supported frequency range in the upper operating band.
Note: 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.

If the base station does not support one or more of the above combinations of RF bandwidths, the corresponding test shall be split into two combinations, such that operation at positions BRFBW, MRFBW and TRFBW in each operating band as well as operation at the declared maximum radio bandwidth are verified. For instance, if the combination BRFBW_TRFBW is not supported, this case shall be split into two tests:

1. BRFBW_T’RFBW: maximum RF bandwidth located at the bottom of the supported frequency range in the lower operating band and the highest possible simultaneous position of the maximum RF bandwidth in the supported frequency range in the upper operating band.

2. B’RFBW_TRFBW: maximum RF bandwidth located at the top of the supported frequency range in the upper operating band and the lowest possible simultaneous position of the maximum RF bandwidth in the supported frequency range in the lower operating band.

A similar methodology applies in case the base station does not support simultaneous operation at MRFBW in the lower operating band and at MRFBW in the upper operating band.
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