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1 Introduction
In the RAN4#70bis meeting it was agreed that the “LTE TDD-FDD joint operation including Carrier aggregation” WI [1] should not comprise TDD and FDD carriers operated through the same active components, as the examination of all those cases was deemed too complex to complete within the WI timeframe. A way forward was agreed, in which a text excluding multiband base stations from FDD and TDD operation was used to describe the agreement. Huawei expressed concerns about the text, since it excluded more devices than the agreement considered, but did not block the WF since the technical issue was agreed.
In the following RAN4 meetings, two alternative statement texts for excluding the operation of TDD and FDD carriers in the same active element have been discussed. The discussion has been confused by the issue of how passive combination of different operating band carriers onto a common connector shall be interpreted with respect to the BS requirements (referred to as the C-1 scenario with reference to [2]).
In this contribution we seek to:

1. Demonstrate that the issue of interpreting the application of the current BS specifications with respect to passive combination of different operating band carriers and the issue of analysing and introducing the text excluding the use of TDD and FDD carriers in common active elements, are separable in the sense that that the conclusion of one issue does not form prejudice on the conclusion of the other or vice versa.

2. Discuss the two texts for excluding the common operation of TDD and FDD carriers in the same active element, on their own merits.
2 Discussion
In the following, the two exclusion text candidates are first interpreted isolated from the C-scenario issue. Then the applicability of the TS with the two text candidates is analysed for five BS configurations, (of which two shall represent an extended C-1 scenario) under two basically opposite assumptions regarding the TS applicability for passively combined operating band radios.
After that, the two opposite assumptions regarding TS applicability for passively combined operating band radios, are applied during the interpretation of the two exclusion text candidates. Then the applicability of the TS with the two exclusion text candidates is again analysed for the five BS configurations.
Thus the importance of the order in which the interpretation of the passive combination of bands, and the exclusion text interpretation for the BS applicability is analysed.
2.1 Text excluding simultaneously operating FDD carrier and TDD carriers in the same active element.
In the WI “LTE TDD-FDD joint operation including Carrier aggregation”, the BS specifications have been analysed for sections where the introduction of joint operation of FDD and TDD may require updates of the texts. It has been identified that the operation of TDD and FDD carriers in a common active element requires further investigation, and potentially introduction of new requirements. Since this is not completed before the specification release, it is important to signal that the specification does not apply for such applications. Two text options for signalling this have been proposed:
(1)
“The RF requirements in the present specification are not applicable for a BS capable of multi-band operation supporting bands for both FDD and TDD.’
And

(2) “The RF requirements in the present release of this specification are not applicable for a BS with multi-band transmitter and/or multi-band receiver operating TDD and FDD bands simultaneously.”
2.2 The interpretation of BS specification in the case of passive combining of carriers from different bands.
During the comparison between the exclusion statements (1) and (2), some general ambiguities on how to interpret the BS specifications when combining carriers from different operating bands through passive combining. The first case studied, referred to as the C-1 scenario, was one TDD radio and one FDD radio combined through passive combination [2]. This scenario has later been generalized to comprise first any duplex mode combination and later, any number of bands. Several interpretation attempts have been made. [3] provides a general description of the interpretation variations into four cases:
<F1> suggests that passively combined bands are not specified by the current specifications

<F2> suggests that single band requirements apply before the combination point and that the behavior on the common connector is not specified by the current specifications
<F3> suggests that single band requirements apply by superposition at the common connector, and that such requirements shall be tested by individually operating each band during testing with the other bands switched off.

<F4> suggests that the current single band requirements are not applicable on the common port, and a new set of requirements need to be introduced. The assumption is that single band requirements can apply often but that multi-band requirements may apply instead in some instances.
For the simplification of the following analysis, the four cases above are lumped into two general interpretations:
<A> suggesting the current specification applies for the passive combination of operating bands. (<F3>)

<B> suggesting the current specification does not apply for the passive combination of operating bands. (<F1>, <F2>, and <F3>)

2.3 (1) and (2) impact on <A> and <B>
In this section, (1) and (2) are first interpreted, and then their application on five BS configuration with two TDD bands and one FDD band under the assumption of first <A> and then <B>.
2.3.1 Interpretation of (1):

The interpretation of “BS capable of multi-band operation” has been agreed to coincide with that of “multi-band base station” which is defined in TS36.104 as: “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).” This means that (1) can be interpreted as: 
The RF requirements in the present specification are not applicable for a multi-band base station supporting bands for both FDD and TDD.
According to the above definition of multiband BS, any BS including at least one multiband transmitter or receiver, at least one FDD band and at least one TDD band is excluded from specification applicability by (1). This applies if the multiband transmitter or receiver is exclusively TDD or exclusively FDD as well as if it can operate with combined TDD and FDD.
2.3.2 Interpretation of (2):

“Multi-band transmitter” is defined in TS36.104 as “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).” There is a corresponding definition of multiband receiver in the same specification.

This makes the interpretation of (2) straight forward compared to (1): Only BS where FDD and TDD are operated in the same active element are excluded from the BS applicability by (2).
Since “BS” appears in both (1) and (2), there is no difference in interpretation expected from this term. (Base Station is defined in TS21.905.)
2.3.3 Base stations configurations:
Each configuration comprises two TDD bands and one FDD band distributed on single band (SB)or multiband (MB) transceivers. For simplicity, UL and DL are assumed to be multiband simultaneously in this comparison. Passive combination is introduced in two configurations, representing a generalized C-1 scenario.
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BS configuration 5
2.3.4 BS specification applicability
The applicability of the BS specification with exclusion texts (1) and (2) respectively for the 5 BS configurations, under the assumption of <A> respective <B> is tested using the interpretations of the exclusion texts as above. The results are shown in table 1.
Table 1: BS applicability with exclusion texts applied before the assumption of BS applicability for C-1 scenario

	
	BS specification applies with (1) under the assumption of <A>
	BS specification applies with (2) under the assumption of <A>
	BS specification applies with (1) under the assumption of <B>
	BS specification applies with (2) under the assumption of <B>

	BS configuration 1
	yes
	yes
	yes
	yes

	BS configuration 2
	yes
	yes
	no
	no

	BS configuration 3
	no
	no
	no
	no

	BS configuration 4
	no
	yes
	no
	no

	BS configuration 4
	no
	yes
	no
	yes


2.4 <A> and <B> impact on (1) and (2)
In this section, (1) and (2) are first interpreted under the assumption of first <A> and then <B>. Then their application on the five BS configuration with two TDD bands and one FDD band is tested.

2.4.1 Interpretation of (1):

The assumption that the BS specifications apply for passive combination of bands has no impact on how the (1) is interpreted. The interpretation of (1) is therefore the same as in 2.3.1 if it is made under the assumption of <A>.
The assumption that the BS specifications do not apply for passive combination of bands has no impact on how the (1) is interpreted. The interpretation of (1) is therefore the same as in 2.3.1 if it is made under the assumption of <B>.

2.4.2 Interpretation of (2):
The assumption that the BS specifications apply for passive combination of bands has no impact on how the (2) is interpreted. The interpretation of (2) is therefore the same as in 2.3.2 if it is made under the assumption of <A>.

The assumption that the BS specifications do not apply for passive combination of bands has no impact on how the (2) is interpreted. The interpretation of (2) is therefore the same as in 2.3.2 if it is made under the assumption of <B>.

2.4.3 BS specification applicability

The applicability of the BS specification with assumption of <A> respective <B> is tested using the interpretations of the exclusion texts as above of exclusion texts (1) and (2) respectively for the 5 BS configurations. The results are shown in table 2.

Table 2: BS applicability with exclusion texts applied after the assumption of BS applicability for C-1 scenario

	
	BS specification applies with (1) under the assumption of <A>
	BS specification applies with (2) under the assumption of <A>
	BS specification applies with (1) under the assumption of <B>
	BS specification applies with (2) under the assumption of <B>

	BS configuration 1
	yes
	yes
	yes
	yes

	BS configuration 2
	yes
	yes
	no
	no

	BS configuration 3
	no
	no
	no
	no

	BS configuration 4
	no
	yes
	no
	no

	BS configuration 4
	no
	yes
	no
	yes


2.5 Discussion on mutual impact from exclusion text formulation and interpretation of BS applicability for passive combining of bands
Comparing tables 1 and 2, it can be seen that the applicability of the BS specification is the same for each combination of exclusion text and C-1 scenario interpretation, regardless of the order in which they are fixed. Therefore it can be concluded that determining the exclusion text does not form any prejudice on the interpretation of the C-1 scenario. It can also be concluded that determining the interpretation of the BS applicability for the C-1 scenario has no prejudice on the interpretation of the exclusion text. The two issues are truly separable, and can be decided separately without impacting each other.
2.6 Further discussion on exclusion statements (1) v/s (2).
Studying tables 1 and 2 it can be seen that both (1) and (2) fulfills the WF objective of excluding BS configuration 3, under all circumstances described here. The two exclusion texts are equal in terms of effectiveness.
It can also be seen that the two single band TRx configurations (BS configurations 1 and 2) are treated equal, and are both allowing the interpretation of the C-1 scenario specification applicability to decide whether the BS specification shall apply for the passive combination in configuration 2

However, for BS configuration 4, only (2) allows the interpretation of the C-1 scenario to decide the applicability of the specification. (1) excludes BS configuration 4 regardless of the C-1 scenario interpretation due to the definition of Multi-band BS.
For BS configuration 5, which should be unaffected of the C-1 scenario since there is no passive combination, the BS specification does not apply with (1), but it does with (2). This configuration is outside the intended scope of the exclusion statement, and hence, (1) is an unsuitable formulation for the purpose.

BS configuration 5 also applies with the current release 11 specification. Such base stations can be found in the field, and the consequences of excluding this configuration from the BS specification applicability are not investigated.
Further, (1) excludes BS with multiband radios that can be configured to support either TDD or FDD (but not simultaneously) by operating in different modes, whereas (2) does not.
There has been suggestions that the CA configurations may have an impact on the applicability of the exclusion texts, but as can be seen in the above, such suggestions are unfounded.
3 Conclusion
· It is shown that the interpretation of the C-1 scenario is not affected by the choice between the exclusion texts (1) and (2) and vice versa. Therefore it is possible to make such choice without prejudice to the interpretation of the C-1 scenario.

· It is shown that exclusion texts (1) and (2) both exclude the BS configurations that are identified to be problematic.

· It is shown that exclusion text (1) excludes BS configurations that should reasonably not be excluded whereas exclusion text (2) does not.

· Therefore is exclusion text (2) a good alternative, and exclusion text (1) is not.
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