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1 Background
Last meeting, the core requirement for separate antenna case was closed and captured into corresponding TR/TS. In this contribution, some further considerations on this issue are discussed and according to the discussion some revisions are proposed on core requirement and manufacturer declaration.
2 Discussion
One of the agreements on core requirement for separate antenna case captured in MB-MSR technical report was copied as below:
“If the BS is declared to be capable of single-band operation at an antenna connector and the base station is configured for single-band operation at that antenna connector, single-band requirements apply to that antenna connector and no exclusions or provisions for multi-band capable BS or multi-band operation are applicable. Single-band requirements are tested separately at each antenna connector supporting single-band operation, with all other antenna connectors terminated.”

It means whether a MB BS can be back-compatible with single-band operation is a capability which depends on manufacturer declaration. But if a MB BS is NOT declared to be capable of single-band operation at an antenna connector, different interpretations may exist:

· the MB BS can NOT also be operated in SINGLE-band mode or,

· the MB BS can be operated in SINGLE-band mode, but only meet multi-band requirement.
The interpretation for this question also affects the applicability of TC. If we interpret it as the first one, it means we cannot use SBT in the test. But when we look at current applicability table in TS 37.141, some requirements only refer back to single-RAT specifications, e.g. occupied bandwidth, REFSENS, which means these requirements may be tested under single-band operation if they are not necessary to be tested by multi-band operation. But if single-band operation cannot be supported by the BS, multi-band test must be applied in these test cases. It would increase the complexity of test specification.

If we interpret it as the second one, it means two kinds of requirements can be applied for single-band operation: multi-band requirement and single-band requirement, and which requirement should be applied depend on manufactory declaration. It will also confuse operators when they use single-band operation because of different core requirements.
For a BS capable of multi-band operation, it is straightforward that it could also be configured in single-band mode with the signal in another band being off, that is, multi-band capable BS should be back-compatible with single-band operation. Furthermore, in our understanding there are no implementation limitations for a MB BS to fulfill single-band requirements in single-band operation for separate antenna case since each band has a separate filter. Therefore, we propose to delete the declaration “Supported operating bands at each antenna connector when the antenna connector is used for single-band operation” and modified the corresponding description in the TR to:
“If the BS is configured in single-band operation, single-band requirements shall apply to the antenna connector configured for single-band operation and no exclusions or provisions for multi-band capable BS or multi-band operation are applicable. Single-band requirements are tested separately at the antenna connector configured for single-band operation, with all other antenna connectors terminated.”
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4.4
Manufacturer’s declaration

For BS capable of multi-band operation, the existing set of parameters in sub-clause 4.7.2 in TS 37.141 can be applied for each operating band, in which declarations of the maximum RF bandwidth and rated total output power are applied for single-band operation only. In addition, manufacturer’s declaration shall reflect the capability of total resources for all supported operating bands such as the rated total output power, total number of supported carriers and total bandwidth of transmitter and receiver.

The following additional declarations need to be considered for BS capable of multi-band operation:

· Supported operating band combinations of the BS
· Supported operating band(s) of each antenna connector

· 
· Support of multi-band transmitter and/or multi-band receiver, including mapping to antenna connector(s)
· Total number of supported carriers for the declared band combinations of the BS

· Total RF bandwidth of transmitter and receiver (maximum sum of RF bandwidths in all supported operating bands) for the declared band combinations of the BS

· Maximum RF bandwidth of each supported operating band in multi-band operation
· Maximum radio bandwidth in transmit and receive direction (maximum frequency difference between the upper edge of the highest used carrier and the lower edge of the lowest used carrier) for the declared band combinations of the BS
· Any other limitations under simultaneous operation in the declared band combinations of the BS which have any impact on the test configuration generation
· Total output power as a sum over all supported operating bands in the declared band combinations of the BS
· Maximum supported power difference between any two carriers in any two different supported operating bands

· Rated total output power of each supported operating band in multi-band operation
Note that other parameters are for further studies.
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Figure 4.4-1 Illustration of different bandwidths for multi-band operation
4.5
Applicability of MB-MSR requirements

Most core requirements in TS 37.104 remain unchanged for BS capable of multi-band operation and apply as they are stated for each of the operating bands. There will be a few exceptions where there are specific additions or exclusions. In order to make this fact clear to a reader of the specification, it should be made visible by having a separate subclause for BS capable of multi-band operation in the general clause 4 of the specification.
The clause can be quite short and should explain that for BS capable of multi-band operation, the RF requirements in clause 6 and 7 apply for each operating band unless otherwise stated and that for some requirements it is explicitly stated that specific additions or exclusions to the requirement apply for multi-band BS operation.
There is also a need to update the tables in clause 5.1 (Applicability of requirements) to reflect that requirements apply for each band.
For MB-MSR base station, various possible structures based on combination of different transmitter and receiver implementations (multi-band or single band) as well as mapping of transceivers to antenna ports in different ways are captured in subclause 5.3. Independent of the BS structure, the core requirements shall be developed in a BS implementation agnostic way.

4.5.1
RF requirements in case of separate ports per band

Several RF requirements for multiband operation allow for “joint exclusion areas” for transmitter (and receiver) unwanted emissions and for receiver blocking, in case of structures where bands are mapped on the same antenna connector. The case where multiple bands are mapped on separate antenna connectors does however require additional consideration.
For the case where bands are mapped on separate connectors, there is an implementation dependency, where for a single band receiver implementation, turning off the receiver for a specific band is fully possible, while it is not possible for a multiband receiver implementation. For these reasons, it is reasonable to always apply the “joint exclusion area” for the receiver blocking and thereby have the same RF requirements for the case where bands are mapped on separate ports and the case where bands are mapped on the same port.

The situation is different for unwanted emissions requirements, where allowing a “joint exclusion area” for the case where bands are mapped on separate ports may result in increased emission levels, since the co-existence emission requirements would be replaced with in-band emission requirements, which could potentially increase the interference towards UEs. Figure 4.5.1-1 illustrates antenna connector cases to help understand the concern related to co-existence scenario.
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Figure 4.5.1-1 MB-MSR antenna connector cases
Case 1 is a MB-MSR BS with separate antenna connectors and case 2 is a MB-MSR BS with common antenna connector. For case 1, in-band spurious emissions at Band X and Band Y are both -15dBm/MHz. If we test the spurious emissions at B_X connector in the above figure, the spurious emissions at Band Y is -15dBm according to the exclusion rule for MB-MSR. Cumulated with the spurious emissions at Band Y itself at B_Y connector, the total spurious emissions at frequency range of Band Y of this base station is -12dBm/MHz. However, if spurious emission of Band Y at B_X connector follow single band requirement with -52dBm/MHz, it will not affect the total base station spurious emission level at Band Y. In this case, the spurious emission will be determined by Band Y in-band spurious emission level, that is -15dBm/MHz. For Case 2, since a common antenna connector is shared by two bands, the space spurious emission level in the frequency ranges of each bands will be -15dBm/MHz.
Note however that this is the worst case scenario when no filter attenuation on the TX side is assumed between the two bands.  In reality, filters would be necessary to fulfil other requirements such as co-location limits, where joint exclusion areas would not apply and there would therefore not be any increase of emissions.

For these reasons, it is reasonable to have a stricter interpretation for the unwanted emission limits and to not apply the “joint exclusion areas” for unwanted emissions in the case where bands are mapped on separate ports. The implication is the following:

-
The transmitter spurious emissions, operating band unwanted emissions, ACLR, transmitter intermodulation and receiver spurious emissions requirements apply to each antenna connector and will be the same as the respective single-band requirements.

There is a different scenario, where a BS is capable of multi-band operation and where the bands are mapped on separate ports, but where the BS is only operating in a single band on one of the antenna connectors. In this case, the BS in this mode of operation is not different from a single-band BS operating with Rx or Tx mapped on one antenna connector. The implication is the following:

-
If the BS is configured in single-band operation, single-band requirements shall apply to the antenna connector configured for single-band operation and no exclusions or provisions for multi-band capable BS or multi-band operation are applicable. Single-band requirements are tested separately at the antenna connector configured for single-band operation, with all other antenna connectors terminated.
<End of TP >
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