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1 Introduction
In RAN4#74 meeting, WF on the requirements for BS capable of multi-band operation has been agreed in the following [1].
· It has been identified that there is a need to discuss whether requirements for BS capable of multi-band operation should be specified independently or not for TX and RX for AAS

· This discussion will take place during the conformance part

· Companies should contribute in RAN#78, which is appropriate from technical point of view.

2 Discussion
In current BS specifications [2-5], the following definitions exist regarding Multi-band base station.

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 non-overlapping operating band than the other carrier(s).

MB-MSR Base Station: MSR 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 non-overlapping 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 non-overlapping 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 non-overlapping operating band than the other carrier(s).

If there is any active RF components in either TX or RX, the BS is regarded as multi-band. In other word, once either TX or RX is multi-band, the multi-band requirements are applied to both TX and RX.
We discuss the impact if we independently specify the multi-band capability in TX and RX in AAS specifications, differently from non-AAS specifications.
2.1 Multi-band TX and single-band RX
In this sub-clause we discuss when AAS BS is implemented with multi-band transmitter(s) and without multi-band receiver. (Noted that TAB connectors could be any one of common or separate implementation among bands and TX/RX.)

The multi-band requirement is applied to both TX and RX in non-AAS BS once TX is multi-band. However, if we specify multi-band independently in TX and RX in AAS TAB connectors, the multi-band requirement is not applied to RX in AAS.
Therefore, some RX requirements are different from what is performed in non-AAS specifications. Such legacy requirements are

1) Adjacent Channel Selectivity

a. For multi-band BS, ACS requirements are applied in addition inside any Inter RF Bandwidth gap in case the Inter RF Bandwidth gap size is at least as wide as the E-UTRA interfering signals. 

2) Blocking requirements
a. For multi-band BS, narrowband blocking requirement and in-band blocking requirements are applied in addition inside any Inter RF Bandwidth gap in case the Inter RF Bandwidth gap size is at least as wide as twice the interfering signal minimum offset.

b. For multi-band BS, out-of-band blocking frequency ranges of all supported operating bands are excluded from the out-of-band blocking requirement.
3) Receiver spurious emission

a. For multi-band BS where multiple bands are mapped on the same antenna connectors, the DL frequencies (including +/-10MHz) of the operating bands supported on each antenna connector are excluded in RX spurious emission requirement.
4) Receiver intermodulation

a. For multi-band BS, the intermodulation requirements are applied in addition inside any Inter RF Bandwidth gap in case the gap size is at least twice as wide as the interfering signal centre frequency offset from the Base Station RF Bandwidth edge.
The above exclusions are not applied if TX and RX are independently specified in AAS. In other word, the single band requirement is applied to RX (at AAS TAB connector) regardless of TX multi-band implementation. We discuss the impacts of applying the single band requirements in the following.
1) Impact to Adjacent Channel Selectivity requirements
a. If we apply the single band requirement in ACS requirement, then we apply all frequency ranges including Inter RF Bandwidth gap even if the gap is smaller than the interfering signal. Such requirement is unnecessary and testing would be redundant because such interferer is irrelevant. However, the receiver implementation is single band and should be compliant to the single band requirement; therefore, it is possible to meet such requirement even if it is unnecessary.
2) Impact to Blocking requirements.

a. The same argument as above is applied to the narrowband and in-band blocking requirements.

b. For out-of-band blocking requirements, the exclusions of supported operating bands are not applied unless the multi-band requirements are applied. So additional frequency range shall be tested for out-of-band blocking requirement, which is unnecessary and redundant for the same reason as above. However, the receiver implementation is single band and should be compliant to the single band requirement; therefore, it is possible to meet such requirement even if it is unnecessary.
3) Impact to Receiver spurious emission

a. The exclusion of DL operating bands are not applied unless the multi-band requirements are applied. The following figure illustrates the two single band receivers are mapped to the same RX antenna connector. 
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b. In this example illustrated in the above figure, the exclusion for Band A and Band B DL (+/-10MHz) is applied in the RX port in non-AAS. If we apply the single band requirement in AAS RX TAB connector, then, we test the emission for each band by turning off other supported bands. Thus, when we test Band A, Band B receiver would be turned off and Band B carrier is not transmitted. However, transmitter shares the common active components between Band A and Band B; therefore, it may not be possible to turn off the active component processing Band B in the transmitter side, which may generate some spurious emissions. Therefore, the application of single band requirement in AAS will be a tighter requirement compared with non-AAS requirement in the RX spurious emission requirement.
c. In case Band A and Band B ports are separate, then the requirement is the same as non-AAS as the exclusion is the same as single band requirement.

d. In case TX and RX ports are common, then we apply TX spurious emission requirement than Rx spurious emission requirement; therefore, such case is also the same as non-AAS requirement.

e. In conclusion, only case the requirement gets tighter than non-AAS is the case when RX ports are common among bands and separated from TX.

4) Impact to Receiver intermodulation

a. A similar argument as ACS and blocking are applicable, i.e., the receiver implementation is single band and should be compliant to the single band requirement; therefore, it is possible to meet such requirement even if it include some unnecessary frequency ranges in testing.
2.2 Single-band TX and multi-band Rx
In this sub-clause we discuss when AAS BS is implemented with multi-band receiver(s) and without multi-band transmitter(s).

In that case, some TX requirements are different from what is performed in non-AAS specifications. Such legacy requirements are

1) Transmitter ON/OFF power
a. The requirement is only applicable during the transmitter OFF period in all supported operating bands.
2) Operating band unwanted emissions

a. For BS capable of multi-band operation where multiple bands are mapped on the same antenna connector, the operating band unwanted emission limits apply also in a supported operating band without any carrier transmitted, in the case where there are carrier(s) transmitted in another supported operating band. In this case, no cumulative limit is applied in the inter-band gap between a supported downlink operating band with carrier(s) transmitted and a supported downlink operating band without any carrier transmitted and

i. In case the inter-band gap between a supported downlink operating band with carrier(s) transmitted and a supported downlink operating band without any carrier transmitted is less than 20MHz, f_offsetmax shall be the offset to the frequency 10 MHz outside the outermost edges of the two supported downlink operating bands and the operating band unwanted emission limit of the band where there are carriers transmitted, as defined in the tables of the present subclause, shall apply across both downlink bands. 

ii. In other cases, the operating band unwanted emission limit of the band where there are carriers transmitted, as defined in the tables of the present subclause for the largest frequency offset ((fmax), shall apply from 10 MHz below the lowest frequency, up to 10 MHz above the highest frequency of the supported downlink operating band without any carrier transmitted.

3) Transmitter spurious emissions

a. For multi-band BS where multiple bands are mapped on the same antenna connectors, the DL frequencies (including +/-10MHz) of the operating bands supported are excluded in TX spurious emission requirement.
4) Transmitter intermodulation

a. For multi-band BS where multiple bands are mapped on the same antenna connector, the requirement applies relative to the Base Station RF Bandwidth edge of each supported operating band. In case the Inter RF Bandwidth gap is less than 15 MHz, the requirement in the gap applies only for interfering signal offsets where the interfering signal falls completely within the Inter RF Bandwidth gap.
The above exclusions (and inclusions in case of operating band unwanted emissions) are not applied if TX and RX are independently specified. In other word, the single band requirement is applied to TX regardless of RX multi-band implementation. We discuss the impacts of applying the single band requirements in the following.

1) Impacts to Transmitter ON/OFF power requirement

a. The application of single band requirement is made while other bands are turned off, although RX may not be completely turned off due to common active receiver components processing multiple bands in multi-band receiver. It is assumed that such receiver component is unlikely to affect the single band transmitter requirement on TX ON/OFF power requirement. Therefore, it will be possible to apply the single band requirement.  
2) Impacts to Operating band unwanted emissions requirement
a. For multi-band transmitter in non-AAS specifications, the operating band unwanted emission is applied to all supported bands if the TX connector is common among bands. However, if we apply the single band requirement in AAS, then, we do not apply it to the other supporting bands. Thus, outside of the band under single band testing, general spurious emission requirement is applied instead of operating band unwanted emissions. The single band requirement can be met since the transmitter implementation is single band. However, it would be more appropriate to use the multi-band requirement in cases like Local Area BS and Home BS because the operating band unwanted emission is tighter than the spurious emission requirement.
3) Impacts to Transmitter spurious emissions requirement
a. The same argument as TX ON/OFF power requirement is applicable. Thus, the single band requirement can be met without the exclusions due to the single band TX implementation.

4) Impacts to Transmitter intermodulation requirement
a. In principle, the same argument as TX ON/OFF power requirement is applicable. Thus, the single band requirement is applicable. However, the excluded frequency are not necessary so the application of single band requirement is considered redundant, though it is possible to meet such requirement due to the single band transmitter implementation. 

3 Conclusion

In this contribution, we have analysed the impacts of specifying if TAB connector is either single band or multi-band independently for TX and RX in AAS specifications.

We have summarized the multi-band exclusions specified in TX and RX requirements in the existing non-AAS specifications. Then, we have concluded that those exclusions can be removed in most cases by applying the single band requirement instead of multi-band requirement when a TAB connector is not multi-band in either TX or RX. For such cases, TX or RX implementation is single band and thus there is no significant technical issue to meet such requirement.
One exception is the RX spurious emission requirement for the case RX port is common among bands and separated from TX. In that case, the single band requirement imposes the additional requirement for the multi-band transmitter not to leak into the RX TAB connectors at the level worse than the single band RX spurious emission requirement specifies. We believe this requirement can be implemented in AAS. However, there is no significant benefit to introduce this additional requirement since TX spurious emissions from TX port is anyway dominant while TX is active.
There is also another case that the multi-band requirement is more suitable than the single band requirement, which is the TX operating band unwanted emission requirement. This is because the single band requirements of Local Area BS and Home BS are more relaxed due to the application of general TX spurious emission requirement rather than the operating band unwanted emission requirement in another operating band frequencies.

In summary, we do not see a technical issue to specify TX and RX independently; however, we also do not see a significant benefit of specifying TX and RX independently because of additional complexities in the specifications as well as incompatibilities with the existing non-AAS specifications. 

Proposal: It is proposed not to specify TX and RX independently regarding multi-band TAB connector. 
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