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1
Introduction

In 3GPP, the multi-band operation were extensive discussed for MB-MSR, and the multi-band related requirements were introduced in E-UTRA/UTRA//MSR specs. In the past meeting, there were no extensive discussions for NR multi-band operation, since it was largely referred to AAS/eAAS spec. However, when we discussed the applicability test configurations of multi-band operation, we found there are some differences related the multi-band operation in LTE/MSR spec and NR/AAS spec. 

Since the feature of multi-band operation is very similar among the specs, hence it is beneficial to align the understanding/principle among the specs as much as possible.

In this paper, we give some discussions on NR multi-band operation, mainly focus on FR1 NR BS. It shall be noted that the FR2 NR BS dose not support multi-band operation so far.
2
Discussion

 Definitions
Firstly, we compare the definitions related to multi-band operation in each spec, shows as follow:.

- In TS36.104/37.104:

Multi-band base station: base station characterized by the ability of its transmitter and/or receiver to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band (which is not a sub-band or superseding-band of another supported operating band) than the other carrier(s).

Multi-band transmitter: transmitter characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band  (which is not a sub-band or superseding-band of another supported operating band) than the other carrier(s).

Multi-band receiver: receiver characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band  (which is not a sub-band or superseding-band of another supported operating band) than the other carrier(s).

- In TS37.105

multi-band RIB: operating band specific RIB associated with a transmitter or receiver that is characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s) and where this different operating band is not a sub-band or superseding-band of another supported operating band in which the same RAT is operated.
multi-band TAB connector: TAB connector associated with a transmitter or receiver that is characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s) and where this different operating band is not a sub-band or superseding-band of another supported operating band in which the same RAT is operated.

single band RIB: operating band specific RIB supporting operation either in a single operating band only, or in multiple operating bands but does not meet the conditions for a multi-band connector.

single band TAB connector: TAB connector supporting operation either in a single operating band only, or in multiple operating bands but does not meet the conditions for a multi-band RIB.
- In TS38.104

multi-band connector: Antenna Connector of BS type 1-C or TAB connector of BS type 1-H associated with a transmitter or receiver that is characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s) and where this different operating band is not a sub-band or superseding-band of another supported operating band
multi-band RIB: operating band specific RIB associated with a transmitter or receiver that is characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s) and where this different operating band is not a sub-band or superseding-band of another supported operating band
single-band connector: BS type 1-C Antenna Connector or BS type 1-H TAB connector supporting operation either in a single operating band only, or in multiple operating bands but does not meet the conditions for a multi-band connector.

single-band RIB: operating band specific RIB supporting operation either in a single operating band only, or in multiple operating bands but does not meet the conditions for a multi-band RIB.
It can be seen that the definitions between TS36.104/37.104 and TS37.105/38.104 are different, although the “common active RF components” is included in the all of the definitions. 

In TS36.104/37.104, the definition of multi-band transmitter/receiver are introduced, which can be called as “Tx/Rx-metric”. It means when multi-band transmitter and/or multi-band receiver implemented for BS capable of multi-band operation, then it can be called as multi-band BS.

While in TS38.104/37.105, the definitions of multi-band connector and single-band connector are used, which can be called as “connector-metric”. Also for BS capable of multi-band operation, both single-band connector and multi-band connecor are applicable.
Observation 1: The definitions between TS36.104/37.104 and TS37.105/38.104 are different, where “Tx/Rx-metric” is adopted in TS36.104/37.104, while “connector-metric” is adopted in TS38.104/37.105

In addition,  some of the definitions related to multi-band operation are defined in LTE/MSR spec,, such as “sub-band” , “superseding-band” , ”single-band requirements”,”multi-band requirements” and “inter-band gap”. However, these definitions are missing in NR and AAS specs. Thus it is proposed:
Proposal 1: It is propose to add some definitions of  "sub-band" , "superseding-band"  , "single-band requirements " , "multi-band requirements"  and "inter-band gap" in NR spec.

 RF requirements
Although some definitions are a bit different between LTE/MSR and NR,  the understanding/principle for the multi-band RF requirements among the specs should be aligned as much as possible.

In general, from the spec view, it should be capture all possible RF structures, including the multiple bands mapped to the connector(s). In  last meeting, when we discussed the applicability test configuration of multi-band operaiton, the mapping relationship between bands and connector(s) were considered.

For NR BS multi-band operation, in particular when we have mapping to separated multi-band connectors, illustrated in Fig 1.
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Fig 1. Illustration for multiple bands (band X and band Y) mapped to common/separate multi-band connector.
The analysis on the RF requirements in case of separate ports per band (case b in Fig 1) is similar with the section 4.5.1 in TR37.812, where the “joint exclusion area” is not applied for the unwanted emissions requirements when bands are mapped on separated multi-band antenna connector, otherwise the co-existence emission requirements would be replaced with in-band emission requirements, which could potentially increase the interference towards UEs, more informations can be found in TR37.812 [4].
Hence, for the unwanted emissions requirements, such as transmitter spurious emissions, operating band unwanted emissions, ACLR, transmitter intermodulation and receiver spurious emissions requirements, In the case where a single band is mapped on separated multi-band connector, the single-band requirements shall be applied to this connecor.
Proposal 2. In the case where a single band is mapped on separated multi-band connector, the single-band transmitter spurious emissions, operating band unwanted emissions, ACLR, transmitter intermodulation and receiver spurious emissions requirements shall be applied.
In addition, it should be consider the 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. 
 Conformance test 
2.3.1  RF channels
In TS38.141-1, the RF channels descriptions for multi-band operation are: 
For BS capable of multi-band operation, unless otherwise stated, the test shall be performed at BRFBW_T’RFBW and B’RFBW_TRFBW defined as following:

-
BRFBW_ T’RFBW: the Base Station RF Bandwidths located at the bottom of the supported frequency range in the lowest operating band and at the highest possible simultaneous frequency position, within the Maximum Radio Bandwidth, in the highest operating band.

-
B’RFBW_TRFBW: the Base Station RF Bandwidths located at the top of the supported frequency range in the highest operating band and at the lowest possible simultaneous frequency position, within the Maximum Radio Bandwidth, in the lowest operating band. 
In TS38.141-1, the RF channels for some RF requirements (such as Base station output power) are:
Base Station RF Bandwidth positions to be tested for multi-carrier and/or CA:

BRFBW, MRFBW and TRFBW for single-band connector(s), see subclause 4.9.1.

BRFBW_T'RFBW and B'RFBW_TRFBW for multi-band connector(s), see subclause 4.9.1.

And also the RF channels for some other RF requirements(such as ACLR) are:

Base Station RF Bandwidth positions to be tested for multi-carrier and/or CA:

-
BRFBW, MRFBW and TRFBW in single-band operation; see subclause 4.9.1.
-
BRFBW_T'RFBW and B'RFBW_TRFBW in multi-band operation, see subclause 4.9.1.

In TS38.141-2, the RF channels for some RF requirements (such as radiated transmit power) are:
Base Station RF Bandwidth positions to be tested for multi-carrier and/or CA:

BRFBW, MRFBW and TRFBW in single band operation; see subclause 4.9.1.

BRFBW_T'RFBW and B'RFBW_TRFBW in multi-band operation, see subclause 4.9.1.
And also the RF channels for some other RF requirements(such as OTA Tx intermodulation) are:
Base Station RF Bandwidth positions to be tested for multi-carrier: 

MRFBW in single-band RIB, see subclause 4.9.1; 

BRFBW_T'RFBW and B'RFBW_TRFBW in multi-band RIB, see subclause 4.9.1.

Observation 2:  The RF channels are not fully aligned for all the requirements in both TS38.141-1 and 38.141-2.
For BS capable of multi-band operation, both single-band connector/RIB and multi-band connecor/RIB are applicable. However, there are no common active RF components implemented in the transmitter or receiver for single-band connector/RIB when NR BS operating in multiple bands, which mean the single band test configurations shall be used for single-band connector, rather than multi-band test configurations, regardless the mapping relationship between the multiple bands and connectors.Thus the RF channels of "BRFBW_ T’RFBW"and "B’RFBW_TRFBW" are not applied to single-band connector. 

It shall be noted that there are no applicability test configurations for single-band RIB test in multi-band operation so far. So it is proposed:

Proposal 3. Using single-band connector(s)/multi-band connector(s) and single-band RIB/multi-band RIB to describe the RF channels for conducted and radiated RF requirements testing, respectively.

Acccording to proposal 3, the RF channels for all of the requirements testing are shown as following:

In TS38.141-1:
Base Station RF Bandwidth positions to be tested for multi-carrier and/or CA:

BRFBW, MRFBW and TRFBW for single-band connector(s), see subclause 4.9.1.

BRFBW_T'RFBW and B'RFBW_TRFBW for multi-band connector(s), see subclause 4.9.1.

In TS38.141-2:
Base Station RF Bandwidth positions to be tested for multi-carrier and/or CA:

BRFBW, MRFBW and TRFBW for single-band RIB(s), see subclause 4.9.1.

BRFBW_T'RFBW and B'RFBW_TRFBW for multi-band RIB(s), see subclause 4.9.1.

2.3.2  Test procedure
In current TS38.141-1, the test procedure for multi-band connector are
In addition, for multi-band connectors, the following steps shall apply:

For multi-band connectors and single band tests, repeat the steps above per involved operating band where single band test configurations and test models shall apply with no carrier activated in the other operating band. 
However, when the multiple bands are mapped to separate multi-band connector (case (b) above), then it is necessary to describe how different connectors should be treated e.g. if the connector which is not currently tested should be terminated or not and if there is a need for simultaneous measurement on multiple connectors etc. Since for some requirements either single-band test or multi-band test or both applies, the exact test procedure and test method should be described per requirement.

So it is proposed:

Proposal 4. The connector which is not currently tested should be described explicitly.
Acccording to proposal 4, the test procedure related to multi-band connector in TS38.141-1 are proposed as follow:
“In addition, for multi-band connector(s), the following steps shall apply:

For multi-band connector(s) and single band tests, repeat the steps above per involved operating band where single band test configurations and test models shall apply with no carrier activated in the other operating band. For separated multi-band connectors, the multi-band connector not being under test in case of single-band or multi-band test shall be terminated.”

3
Conclusion

In this contribution, the issues related to multi-band operation in NR are discussed. Although the definitions related to multi-band operation in NR spec are not aligned with the definitions in LTE/MSR spec, the understanding/principle among the specs should be aligned as much as possible.

In last meeting, the bands mapped to the connector(s) were considered when we discussed the applicability test configuration of multi-band operaiton. Hence it should also be considered for the unwanted emissions requirements and the requirements testing.
Further more, the RF channels are not fully aligned for all of the requirements in both TS38.141-1 and TS38.141-2.

The conclusions in this contributions are: 

For definitions:
Proposal 1: It is propose to add some definitions of  "sub-band" , "superseding-band"  , "single-band requirements " , "multi-band requirements"  and "inter-band gap" in NR spec.

For RF requirements:
Proposal 2. In the case where a single band is mapped on separated multi-band connector, the single-band transmitter spurious emissions, operating band unwanted emissions, ACLR, transmitter intermodulation and receiver spurious emissions requirements shall be applied.
For RF channels:

Proposal 3. Using single-band connector(s)/multi-band connector(s) and single-band RIB/multi-band RIB to describe the RF channels for conducted and radiated RF requirements testing, respectively.
For test procedure:

Proposal 4. The connector which is not currently tested should be described explicitly.
Based on the above proposals, we also submit some contributions [5~11] on NR specs to reflect the proposals.
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