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1.  Introduction

So far, two TDD-TDD inter-band CA combinations (B39+B41, B41+B42) have been discussed in RAN4 with an assumption that the two bands involved are synchronized or close to synchronized in terms of UL/DL switching point [1 - 3]. This assumption makes RF front-end fairly simple and brings less IL penalty but the assumption won’t always be true depending on external situations such as spectrum allocation schemes or inter-operator agreements. This paper is to draw an attention on this issue and seek for a consensus of the group.
One thing worth noting is that, as long as a CA combination includes a local band, the choice of architecture should be left to relevant operators. The discussion in this paper focuses only on CA combinations which can be adapted plural nations/regions, i.e. a pair of global bands. 
2.  Architecture Alternatives
In [2], two possible architectures (referred to as SYNC and No-SYNC hereafter) were discussed as in Figure 1. One essential virtue of SYNC configuration is that additional IL for CA is low, especially none in Tx path in case of 1UL. On the other hand, if SYNC is adopted in Inter-band TDD CA with different UL/DL switching point, there is a prerequisite that scheduling for a subframe is restricted where UL/DL is mixed between two bands, i.e. some throughput loss. This would be also true that implementations of radio scheduler become more complex. So it is not rational if the number of restricted subframes becomes large. 
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                                     Figure 1.  Two Architectures for TDD-TDD inter-band CA (from [2])
As noted above, SYNC architecture has been adopted so far mainly because China is the place to be introduced where spectrum usage would not bear serious throughput loss [3]. However concerning a pair of global bands such as B41 and B42, there might be cases that CA has to be configured with different UL/DL switching points (or lack of synchronicity) among the bands.
In Japan for example, while nothing has been officially decided in B42 yet and at present B41+B42 CA is impossible due to regulation, some operators consider DL heavy configurations in B42 for small cell or boosting DL throughput in inter-band CAs (for FDD+TDD cases). In addition, it would be favorable in general to synchronize among operators to get rid of guard bands when B42 is awarded. On the other hand, B41 would still remain within normal UL: DL ratios (1:2 or 1:3) for standalone operation. Then SYNC architecture may not always be likely when B41+B42 CA is granted in Japan.
Thus it would depend on various factors whether or not SYNC architecture is acceptable.
[Observation 1]  There would be cases when SYNC is not likely.
3.  Technical Readiness in 3GPP
In REL-11 timeframe, RAN2 added a field called “SimultaneousRx-Tx” in UE-EUTRA-Capability IE that “indicates whether the UE supports simultaneous reception and transmission on different bands for each band combination listed in supportedBandCombination”[4]. Then a UE supporting inter-band TDD CA can tell an eNB whether SYNC or No-SYNC is supported for each combination of CA. In RAN4 specs., the relevant comment will be put to indicate whether the requirement is based upon SYNC or No-SYNC such as Note 4 of Table 6.2.5-2 in [5].
Thus we can conclude that even now SYNC and No-SYNC can be introduced as separate entities for the same CA combination. RAN4 has to study/define some separate requirements (i.e. ∆TIB and ∆RIB) reflecting differences of two RF architectures.
[Observation 2] From perspective of RAN2/RAN4 specifications, it is possible to define SYNC and No-SYNC independently for the same Inter-band TDD CA combination.
4. Market Fragmentation
While we are ready to support both architectures from the technical standpoint, this would mean UE market fragmentation. However it does not seem so easy to evaluate/agree on the severity of the issue since this is primarily (and merely?) relevant to CA: single band operation is still possible regardless of architectures and the difference is with or without some performance penalties (i.e. ∆TIB and ∆RIB again). 
From CA context, one thing for sure is that No-SYNC UE can support inter-band TDD CA in a network with synchronized UL/DL switching points but the converse is not true.
Thus, possible way forwards to agree include:

1) Not to unify: leave it up to proponents/vendors, or
2) Try to unify the architecture, apparently using No-SYNC.
A middle-of-the-road approach might be that we leave it as it is for 1 UL and consider to unify the architectures when 2UL is introduced: in 2UL, both Tx and Rx need diplexers even in SYNC architecture and the difference between SYNC-based and No-SYNC-based ones becomes less (and easier to unify).
5. Conclusion
As mentioned in section 3 and 4, even now it is allowed to introduce both SYNC and No-SYNC for the same inter-band CA independently in 3GPP-RAN specifications and it seems that the only issue foreseen is possible market fragmentation in terms of Inter-band CA. Thus we’d like to seek for RAN4’s consensus for the cases where No-SYNC architecture is suited/rational for Inter-band TDD CA. In the near future, RAN4 would have to make decision on how to standardize TD-TD inter-band CA. We’d like to hear companies’ views in RAN4 on the selection of architecture such as:
A) Prefer SYNC architecture as depicted in Figure 1.
B) Prefer No-SYNC architecture as depicted in Figure 1.

C) Prefer to specify both SYNC and No-SYNC.
D) Something other than A) ~ C).
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