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1	Introduction
In previous meeting RAN#75Bis some agreements were made on the remaining multiple 3DL inter-band CA TX and RX relaxations [1]. This contribution discusses and proposes how to treat the extreme cases such as multiple LLL and multiple HHH.

2	Discussion
The discussion is split into two categories; Low bands (<1GHz) and High bands (>1GHz). The basic assumption in this contribution is single antenna implementation. This assumption has been widely used in RAN4. Having more than one antenna would not change anything in low bands analysis. There would be some impact in high bands analysis if more than one antenna is assumed. Furthermore we assume that LLL’s and HHH’s are always overlapping, i.e there are one or two bands that are constituent in more than one LLL or HHH combination.

Analyzing these relaxations 100% completely from purely technical perspective is a tedious amount of work; this contribution shows only a fraction of the studies and drawings. We believe that the level of explaining is appropriate for the discussion in RAN4. 

Low bands

It is pretty safe to say an LLL combination can only be implemented using a hexaplexer. Exceptions are cases when one or two of the bands are DL only. In these cases pentaplexer or quadplexer would be used, respectively. The logical level component is depicted in Figure 1 below. 
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[bookmark: _Ref423608187]Figure 1 LLL filter
For the sake of simplicity we concentrate on cases when UE supports 2 LLL combinations. Additionally we assume LLL component is always hexaplexer (all bands have an UL and a DL). These assumptions do not change the analysis results but simplify the text a lot.

There are not too many implementation options if UE is supporting two LLL’s where at least one of the bands is constituent in both 3DL CA combinations. We envision only two alternatives; Octaplexer or two hexaplexers. Neither of these is particularly attractive, but still we do the considerations with these alternatives because we believe RAN4 should get rid of “FFS” to make the specification complete in this matter. 
[image: ]       [image: ]
[bookmark: _Ref427237844]Figure 2 Octaplexer and two hexaplexers
The insertion loss of an octaplexer will (Figure 2) be higher than that of a respective hexaplexer (Figure 1) when band D is added. It is quite difficult to estimate how much higher the IL would be because LLLL octaplexers are not even in design phase in our understanding. Anyway, a value that would be much lower than 0.5dB seems unreachable. Having two hexaplexers would require duplicate filters for bands A and B which is not desired at all. However, we believe LLL hexaplexers will be available sooner than LLLL octaplexers. 

Having duplicate filters for bands A and B is problematic, not only from the cost point of view but also from the technical point of view. The following additional switches are needed:

1) On RX side, for sure there are not that many RFIC input pins so that additional switches were not needed for bands A and B between the filters and RFIC inputs. 
2) On TX side, if dedicated PA is used, a switch is needed for bands A and B between PA and filters. If MMPA is used, a switch for bands A and B is also needed between PA and filters. 
3) It can be pretty well argued that a switch would also be needed between the filters and antenna switch as well. 

[image: ]
Figure 3 RF front-end example
The insertion loss for a basic SP2T switch is ~0.2..0.3dB. Thus the total additional loss for bands A and B is ~0.4...0.6dB and the additional loss for bands C and D is ~0.2..0.3dB. We estimate hexaplexer implementation would not provide at least lower additional IL but likely a bit higher additional IL. 

How to set the specification?

The non-overlapping bands C and D have 0.2...0.3dB additional IL. 

The overlapping bands A and B are a bit trickier. There is 0.4...0.6dB additional IL for those if a switch between filters and an antenna switch is assumed. Without that assumption the additional IL would be similar to the non-overlapping bands, 0.2...0.3dB. 

Proposal1: For a UE that supports overlapping LLL combinations, 0.3dB is added into each LLL combination relaxation values. 

One might wonder why we propose +0.3dB extra for all LLL bands. Firstly, having this kind of spec would likely allow both two LLL hexaplexer and LLLL octaplexer implementation alternatives. Secondly, we find it convenient to keep the spec as simple as possible. 

High bands

High bands are a bit different because also other components than hexaplexers can be used to construct an HHH combination. A couple of examples are shown in Figure 4 and Figure 5 below. 
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[bookmark: _Ref423696803]Figure 4 HHH example 1



[bookmark: _Ref423696812]Figure 5 HHH example 2

Please kindly note that these examples are not feasible for all high bands. They merely illustrate design options for the cases when the frequency arrangements of the bands allow implementing multiple HHH’s without duplicating filters. 

How to set the specifications?

In Figure 4 the additional loss for bands C and D is ~0.5...1.0dB in best case and additional loss for bands A and B is ~0dB in best case. In Figure 5 the additional loss for bands A, B, and C for the left-hand HHH is ~0.8...1.2dB, while the additional loss for bands A and B in the right-hand HHH is ~0.3...0.8dB and additional loss for band D is ~0dB in best case. 

Cases where an octaplexer or two hexaplexers are assumed are quite similar to LLL analysis shown above.

Our proposal for the multiple HHH’s is as follows.

Proposal2: For a UE that supports overlapping HHH combinations, 0.6dB is added into each HHH combination relaxation values. 

3	Conclusion
Relaxations for multiple LLL and HHH in 3DL inter-band CA were discussed. This contribution takes quite bold assumptions on what kind of component could be available in future. Furthermore, our estimations on additional IL are optimistic, i.e we have not assumed the worst case. Our proposals are simplified to the greatest extent possible; in some cases the relaxations should be a bit larger and in some cases they could be a bit smaller. However we genuinely believe the specification should not get any more complex it already is so simplifications are needed. Based on the discussion the following is proposed.

Proposal1: For a UE that supports overlapping LLL combinations, 0.3dB is added into single LLL combination relaxation values. 

Proposal2: For a UE that supports overlapping HHH combinations, 0.6dB is added into single HHH combination relaxation values. 
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