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1. Introduction

In RAN4#70, it was discussed in offline that how to treat Multi-band BS which supports both TDD and FDD bands for TDD-FDD joint operation including Carrier Aggregation. Finally, the work plan [1] was agreed. In this contribution, we further discuss the BS specification impact from antenna connector point of view based on revision of [2].
2. Discussion
2.1. Background
2.1.1 Previous discussion
The contribution of [2] describes BS specification impact on the assumption that Multi-band BS which supports both TDD and FDD bands was already introduced. However, the following work plan in [1] was agreed in last meeting.

“RF Room:
--------------------------------------Omitted--------------------------------------

· RAN4#70bis

· Continue the discussion on technical topics and impact to UE and BS specifications. Investigate which multi-band BS configurations are feasible to be supported and included in Release 12 specifications on the basis of analysis provided. If RAN4 concludes certain multi-band configurations are not supported for Release 12, that shall be made clear in Release 12 specifications.

· Prepare draft CR’s how TDD-FDD CA is captured into TS36.101 and BS specifications (if changes are needed)

· RAN4#71

· Finalize any open technical issues

· Agree CR into TS36.101 and BS specifications (if changes are needed)
--------------------------------------Omitted--------------------------------------”
Thus, currently the discussion point is whether Multi-band BS feature for TDD-FDD CA is introduced or not. 
2.1.2 Antenna connector point of view

However, from antenna connector point of view, both shared antenna connector and separate antenna connector can be supported not only by Multi-band BS but also by non Multi-band BS as illustrated in the following figures. 
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Figure 1. An Example Structure of a Multi-band BS with Shared Antenna Connector
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Figure 2. An Example Structure of a non Multi-band BS with Shared Antenna Connector
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Figure 3. An Example Structure of a Multi-band BS with Separate Antenna Connector
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Figure 4. An Example Structure of a non Multi-band BS with Separate Antenna Connector
Thus, the issue coming from antenna mapping is not specific to Multi-band BS feature. In addition, there are some specific descriptions for FDD or TDD in the current BS specifications. Thus, in order to avoid the confusions, applied requirements should be clarified on an antenna port basis. In section 2.2, we elaborate on further detail.
2.2. BS Spec. impact on TS36.104 [4]/141 [5]
2.2.1 BS Spec. impact on TS36.104
2.2.1.1 Operating bands (section 5.5)

Current description of Notes in Table5.5.1 is as follows.

“Note 1:
Band 6 is not applicable.

Note 2:
Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.”
It is under discussion of RAN1 whether TDD Pcell will be supported on TDD-FDD CA. If RAN1 agrees not to support TDD Pcell on TDD FDD CA, the description should be as follows.

“Note 1:
Band 6 is not applicable.

Note 2:
Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.
Note 3:
When TDD-FDD carrier aggregation is configured, the TDD operating band is paired with FDD operating band  that is supporting the configured Pcell.”
2.2.1.2 Transmit ON/OFF power (section 6.4)
Current description in section 6.4 is as follows.
“The requirements in subclause 6.4 are only applied for E-UTRA TDD BS.”
This sentence should be corrected to clarify that this requirement should be applied to any antenna connector(s) supporting TDD band(s) as follows. 
“The requirements in subclause 6.4 are only applied for antenna connector(s) supporting operating band(s) for TDD.” 
Current description in section 6.4.1.1 is as follows.

“For BS capable of multi-band operation, the requirement is only applicable during the transmitter OFF period in all supported operating bands.”
Firstly, this description shall be clarified to apply the requirement not only to Multi-band BS but also to non Multi-band BS since a non Multi-band BS may support some TDD bands. In addition to that, it shall be corrected to clarify that it applies to only TDD bands. Otherwise, signals in FDD bands cannot be transmitted during transmitter OFF period of TDD band(s). 
Thus our proposal for the clarification on the above issues is as follows.
“For BS supporting TDD band(s), the requirement is only applicable during the transmitter OFF period in all supported operating band(s) for TDD.”
2.2.1.3 Time alignment error (section 6.5.3)

No clarification is necessary for TDD-FDD CA.(The necessity of TAE requirements for dual connectivity is another discussion.)
2.2.1.4 General (section 7.1) 
Current description in section 7.1 is as follows.

“For FDD operation the requirements in clause 7 shall be met with the transmitter(s) on.”
When considering a BS supporting both FDD and TDD bands, someone may misunderstand the requirements are allowed to be met without FDD transmitter ON when an antenna connector supports both FDD band(s) and TDD band(s).  It is clarified under which condition this requirement should be applied as shown in Table 1.
Table 1 Applicability of General Description for Receiver Requirement for a BS Supporting both FDD and TDD Bands
	
	TX for FDD operating band(s)

	
	ON
	OFF

	TX for TDD operating band(s)
	ON
	FDD: RX requirements shall be met.
TDD: RX requirements don’t need to be met.

	
	OFF
	FDD:RX requirements shall be met.
TDD:RX requirements shall be met.


Thus, it should be clarified as follows.

“The requirements in clause 7 shall be met for FDD operating band(s) with the transmitter(s) for FDD operating band(s) and/ or TDD operating band(s) on. And the requirements in clause 7 shall be met for TDD operating band(s) with the transmitter(s) for FDD operating band(s) on.”
2.2.1.5 Receiver spurious emissions (section 7.7)

Current description in section 7.7 is as follows.

“The spurious emissions power is the power of emissions generated or amplified in a receiver that appear at the BS receiver antenna connector. The requirements apply to all BS with separate RX and TX antenna ports. In this case for FDD BS the test shall be performed when both TX and RX are on, with the TX port terminated. 

For TDD BS with common RX and TX antenna port the requirement applies during the Transmitter OFF period. For FDD BS with common RX and TX antenna port the transmitter spurious emission as specified in clause 6.6.4 is valid.

For BS capable of multi-band operation where multiple bands are mapped on separate antenna connectors, the single-band requirements apply and the excluded frequency range is only applicable for the operating band supported on each antenna connector.”
When considering a BS supporting both FDD and TDD bands, whether this requirement should be applied or not depends on antenna connector mapping. Thus we classify antenna connector by its mapping in Table 2 and clarify which case this requirement should be applied to.
Table 2 Classification of Antenna Connector Mapping for TX/RX and FDD/TDD
	
	TX/RX

	
	Shared antenna connector
	Separate antenna connector

	Supporting band(s)(FDD and/ or TDD)
	Shared antenna connector　by FDD band(s) and TDD band(s)
	Case A
	Case B

	
	Separated antenna connector by FDD band(s) and TDD band(s)
	Case C
Including some other patterns that FDD/TDD antenna connector has different implementation each other.

(Ex. FDD antenna connector is separated by TX and RX, TDD antenna connector is shared by TX and RX.)


· Case A: RAN4 must clarify under which condition this requirement should be applied as shown in Table 3.
Table 3 Applicability of Receiver spurious emissions for an antenna connector supporting both FDD and TDD band(s) and shared by TX and RX.

	
	Operating TDD band(s)
	Not operating TDD band(s)

	Operating FDD band(s)
	Transmitter spurious emission should be applied.
	Transmitter spurious emission should be applied.

	Not operating FDD band(s)
	Receiver spurious emissions should be applied.
	N/A


· Case B: It should be clarified that RX antenna connector shared by FDD and TDD is applied this requirement on the condition that signal for FDD band is transmitted.

· Case C: In the same manner as before, it should be considered per antenna connector. 
2.2.2 BS Spec. impact on TS36.141
2.2.2.1 Scope (section 1) 
Current description is as follows.
“The present document specifies the Radio Frequency (RF) test methods and conformance requirements for E-UTRA Base Stations (BS) operating either in the FDD mode (used in paired bands) or the TDD mode (used in unpaired bands).”
When considering a BS supporting both FDD and TDD bands, there is a possibility to operate both FDD and TDD bands at the same time. 
Thus it should be clarified as follows.
“The present document specifies the Radio Frequency (RF) test methods and conformance requirements for E-UTRA Base Stations (BS) operating in the FDD mode (used in paired bands) and/or the TDD mode (used in unpaired bands).”
2.2.2.2 Operating bands (section 5.5)

Exactly the same with 2.2.1.1.
2.2.2.3 Test configuration for non-single carrier operations (section 4.10) 
In table 4.10-1, there is a description as follows.
“6.4
Transmit ON/OFF power (only applied for E-UTRA TDD BS)”
As mentioned in 2.2.1.1, it should be clarified as follows.
“6.4
Transmit ON/OFF power (only applied for antenna connector(s) supporting operating band(s) for TDD)”
2.2.2.4 Transmit ON/OFF power (section 6.4)

Exactly the same with 2.2.1.2.
2.2.2.5 Receiver spurious emissions (section 7.7.1) 
Exactly the same with 2.2.1.5.
2.2.2.6  Performance requirements of PUSCH in multipath fading propagation conditions transmission on single antenna port (section 8.2.1)  
The point was indicated discussion in Email reflector [8]

Current description in section 8.2.1.1 is as follows.
“For a BS supporting carrier aggregation only the CC combination with largest aggregated bandwidth and the largest number of component carriers is used for the test. For this CC combination the tests using full PRB allocation FRC are conducted on per CC basis and measured by the required SNR levels corresponding to the bandwidths used on the different CCs”
From the above description, it is confusing in which CA configurations a BS should be tested if the BS supporting both FDD CA, TDD CA and TDD FDD CA. 
Thus, it should be clarified as follows.
“For a BS supporting carrier aggregation only the CC combination with largest aggregated bandwidth and the largest number of component carriers is used for the test. For a BS supporting two or more types of carrier aggregation (FDD, TDD and TDD-FDD), all types are used for the test. For this CC combination the tests using full PRB allocation FRC are conducted on per CC basis and measured by the required SNR levels corresponding to the bandwidths used on the different CCs”
3. Conclusion

In this contribution, we discuss the BS specification impact from antenna connector point of view for TDD-FDD joint operation including Carrier Aggregation. The followings are proposed to be clarified and corrected:
· TS36.104 
· Operating bands (section 5.5)
· Transmit ON/OFF power (section 6.4) 
· General (section 7.1)
· Receiver spurious emissions (section 7.7)
· TS36.141
· Scope (section 1) 
· Operating bands (section 5.5)
· Test configuration for non-single carrier operations (section 4.10) 
· Transmit ON/OFF power (section 6.4) 
· Receiver spurious emissions (section 7.7.1) 
· Performance requirements of PUSCH in multipath fading propagation conditions transmission on single antenna port (section 8.2.1)
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