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1 Introduction
In RAN4#70, the applicability of multi-band BS for TDD-FDD CA was discussed. A number of MB configurations that were possible to implement were argued to be either within the scope of what should be specified in the MB MSR specifications. 
Ultimately no agreement was reached, but a work plan comprising further investigation was agreed [1], where it was stated that RAN4#70bis should be used to “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”. In addition, draft CRs should be prepared for the specifications capturing the changes needed. 

This contribution is an attempt to analyse the text in TS37.104 and determine what configurations are currently specified with respect to TDD-FDD CA, and if there are any requirements or information missing to make this implementation covered in the same way as the TDD-TDD and FDD-FDD options.

2 Discussion
In the discussion in Prague, the discussion was on what could be built and hence should not be prohibited, whereas the here presented approach is to try to identify what needs to be regulated rather than trying to identify what can be designed. (The assumption is that if regulations blocks implementations that are bad, in the sense that they affect the performance of adjacent systems (or possibly even the own system), it does its main job. The next task is to make sure it does not block good implementations (in the same sense).)
3 Text analysis of TS37.104:
(Clauses/sub-clauses without implication for multiband TDD-FDD CA capable BS are left out.)
Sub-clause 4.1 describes the application of generic requirements for MSR BS. Some cases apply for some band categories, but the general approach does not prohibit any multiband BS TDD-FDD carrier aggregation.

In sub.clauses 4.5.1 to 4.5.3, BS RF BW is defined only inside each operating band, which makes the operating band category apply per operating band. Three types of operating bands are defined out of which two must be combined in FDD-TDD CA. There is nothing specific inhibiting multiband BS TDD-FDD carrier aggregation, but all requirements in the specification apply per band category and hence it is clear that the requirements presented are not aimed at combinations of band categories.
Sub-clause 4.6.1A, Carrier aggregation channel spacing, describes in the initial text contiguous CA without limiting it to one operating band. The last sentence describes how channel spacing may be rearranged for intra-band contiguous CA. Contiguous inter-band CA is not prohibited in this sub-clause (but inter-band carrier aggregation is generally not specified in this specification. 
In sub-clause 4.7, Requirements for contiguous and non-contiguous spectrum, the referred spectrum types are not defined in relation to the operating band (and hence both may comprise more than one operating band from textual point of view.) The second section in the sub-clause describes how requirements applying at “RF BW edges” and/or “sub-block gaps” are stated in the specification. These two terms are by definition restricted inside one operating band. Hence the terms “spectrum allocation”, “contiguous spectrum”, and “non-contiguous spectrum” may relate to an operating band.  
In sub-clause 4.8, Requirements for BS capable of multi-band operation, most of the text clarifies that the requirements stated in the specification apply per operating band, but the last sentence (“For a BS capable of multi-band operation supporting BC3 bands for TDD, the RF requirements in the present specification assume synchronized operation, where no simultaneous uplink and downlink occur between the bands.”) effectively states that no combination of TDD and FDD transmission or reception in the same multiband BS is specified in the present TS37.104. This is true looking only at the definition of “synchronized operation”, and further emphasized through the last section of the sentence.
Synchronisation between TDD and FDD carriers is currently undefined, but it could be imagined that TDD carriers with only UL sub-frames active could be considered synchronized with an UL FDD carrier., Equally with all UL and special Sub-frames muted, a TDD carrier could be considered synchronized with a DL FDD carrier. This definition seems to harmonize with the prescribed BS and UE behaviour in the case of carrier aggregation of non synchronised TDD carriers in TS36.211 [3]sub-clause 4.2.
However, the term “synchronization” is a potentially deceptive term for this behaviour since it leads the associations to temporal alignment rather than link direction alignment. Therefore, a new term may be a better proposal. 

Extending the definition of “synchronization” does not take away the concern that effects arising from non-synchronized operation in TDD-TDD combinations will also to a large extent affect TDD-FDD combinations. Such effects are still not regulated by the TS37.104 requirements.

In sub-clauses 5.1 to 5.3, Applicability of requirements, BC1 and BC2 are commented with respect of multiband operation. BC3 is not. This does not have any fundamental implication. 
The text in sub-clause 6.4, Transmitter off power, is consistent with the sub-clause 4.8 sentence:  “The requirements in subclause 6.4 are only applied for BC3 BS.“, and “For BS capable of multi-band operation, the requirement is only applicable during the transmitter OFF period in all supported operating bands.” I.e. either it is expected that multiband BS cannot serve FDD TDD simultaneously, or the requirement does not apply for BS operating TDD and FDD simultaneously. The latter interpretation appears irrational, since the requirement is needed for TDD operation.
While the text does not cover the needed requirement in its current formulation, the requirement as intended is perfectly functional and will not require any further investigation.
In sub-clause 6.5.3, Time alignment error, time alignment between TDD and FDD signals is not defined with the current text, which assumes great similarity between the frame structures of the signals. This is mentioned in earlier contributions, e.g.[2]. 

Adding a note that FDD TDD time alignment applies for the TDD DL configured sub-frames would solve this problem. Further investigation would not be needed as the requirements apply as they are with this clarification. (Testing is made using time difference between corresponding RS in current testing. The defined UL/DL configuration for E-TM1 makes the second half-frame DL, and thus the RS time difference can be measured during the second half sub-frame. It would be possible to highlight this in the conformance specifications, leaving the core specifications unchanged.)
As already highlighted in [2], sub-clauses 6.6.1.2.1, 6.6.1.3.1, and 6.6.1.4.1 protection of receiver respectively co-existence and co-location requirements do not apply in the operating band or 10 MHz outside the operating band. The effect applies not only to multiband BS, but is an effect off the fact that TS37.104 applies only per operating band (and not per operating band combination in any case).
Adjacent TDD and FDD bands may lack protection for the receiver in one direction or the other. This will affect CA performance a lot if the CA takes place in such spectrum. The specifications need assess such CA combinations. (As one example; carrier aggregation 1UL2DL with band combination 7 (FDD) and 38(TDD) will have UL interference on the uppermost 10 MHz of the PC operating band from the SC (regardless of which band is PC) regulated by only operating band unwanted emission of the SC.)
Rx analysis remains but is expected to have less impact on CA performance than TX and general structure.

4 Structure discussion
The current MSR specifications apply per operating band.

The current carrier aggregation studies are made making the assumption that per operating band offers sufficient protection unless the operating bands overlap.

TDD-FDD carrier aggregation will have several situations where inter-band contiguous carrier aggregation may be possible. However, some of these CA combinations may be impacted by severe own BS interference.
Own BS interference impact on CA efficiency is not fully investigated.

5 Conclusion
· Current TS37.104 text excludes all TDD-FDD CA from the specified multiband BS cases.
· Some suggestions for remedy are proposed but more is needed.

· Contiguous spectrum over multiple operating bands needs to be addressed.
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