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1 Introduction
This contribution provides some analysis on the ISO between UE primary and diversity conducted paths for different implementations. There’re also some considerations on the previous proposed proposals about how to solve this problem.
2 Discussion

2.1 Conducted ISO performance
There were many discussions in RAN4 on ISO between primary and diversity conducted paths, the performance was guessed as very large but with no evidence. In our understanding, we think some implementation may have relatively large isolation but we didn’t do any measurement because we think if conducted ISO doesn’t decrease the final antenna ISO performance, it’ll be ok. We shouldn’t have a very stringent requirement for this performance otherwise implementation may need to pay extra efforts for it but not useful.
However, some implementation has very limited conducted ISO when DPDT switch (antenna cross switch) is used for primary and diversity antenna port swapping as shown in Figure 1.
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Figure 1: Antenna cross switch is used for antenna port swapping
The antenna cross switch is used for some implementation to solve the problem of signal attenuation for some scenarios such as the well known death grip. Through this technology, device can have the flexibility of prioritising the primary path to use the current “good” antenna. It’s a technology widely used in the commercial smart phone and tablets. With antenna cross switch existing, conducted ISO between primary and diversity paths is more limited than no switch implementation. The following table shows antenna cross switch ISO performance.
Table 1: Antenna cross switch ISO performance

	Frequency
	Components
	ISO min.
	ISO typ.

	0.7 to 1.0 GHz
	A
	23
	25

	
	B
	28
	31

	
	C
	22
	25

	1.0 to 2.2 GHz
	A
	18
	20

	
	B
	20
	24

	
	C
	19
	22

	2.5 to 2.7 GHz
	A
	15
	17

	
	B
	20
	23

	
	C
	15
	18


As can be seen from Table 1, antenna cross switch ISO can be as low as 15 dB for 2.7 GHz, for low frequencies it’s better but still at the level of ~ 20 dB. We can expect for 3.5 GHz and 5 GHz, the performance will be less than 15 dB.
Observation 1: For the single antenna implementation, the conducted ISO performance is possible to be different according to different implementation. If antenna cross switch is used, ISO can be as low as 15 dB for 2.7 GHz and less than 15 dB can be expected for above 3.5 GHz.

Because carrier aggregation requirements are very stringent in spec now, cascaded filters and switches were not allowed to be considered in the requirement discussion, it’s very difficult for a single device to support many band combinations or even one specific carrier aggregation like HHH CA using single antenna. Separated antenna implementation may have to be used for some high end devices. However for the idea on how to separate the antenna, i.e. which antenna should support which bands, it’s possible to be different based on different cases. The consideration is related to how many carrier aggregations are supported, what’s the challenge of the supported CA, if there’re space difficulties, antenna efficiency and ISO, etc. For example, if 1+3+42 is one of the band combination need to be supported, how to put the 3 bands to the two antennas may be different based on design skills. Band 1 and Band 3 are possible to be put to one antenna or be separated to two antennas. The same possibility may happen for 1+42 and 3+42. Our understanding is that there’s no certain answer for two bands to belong to one antenna or different antennas for separated antenna solution.
Observation 2: For the separated antenna implementation, the two bands may use the same antenna or different antennas in different designs.
2.2 How to move on antenna ISO discussion
According to the considerations in 2.1, there are the following 4 possibilities for one specific band combination when ISO of primary and diversity paths is an issue.
a) One antenna is used for primary path, no antenna cross switch is used between primary and diversity antennas

b) One antenna is used for primary path, antenna cross switch is used between primary and diversity antennas

c) Two antennas are used for primary path, the two bands are covered by one antenna

· Antenna cross switch between primary and diversity paths may be used or not used
d) Two antennas are used for primary path, the two bands are covered by separate antennas
· Antenna cross switch between primary and diversity paths may be used or not used
In the last meeting, there was a proposal that only main receiver is calculated for the MSD requirements [2] [3]. When we consider the above 4 possibilities, it seems it can’t solve the problem or at least the proposal can’t cover all of the implementations. Main receiver testing can cover the case that the two bands are supported by one antenna, i.e. cases a), b) and c). For two antennas implementation d), how main receiver is tested is a difficult issue because the ISO between the two paths is relatively large and coupler seems not feasible [4] [5].
Furthermore, how to know the exact implementation will be problem for certification. Should UE vendors claim it before the test for each device? Should it be a standard issue or an implementation issue? For example, if RAN4 and RAN5 decide a test method for the case that one antenna covering the two bands but with no solution for other implementation, certification labs need to ask UE vendors if this requirement should be tested or not for this implementation. UE vendors will also have the problem for the internal test. Therefore, we prefer RAN4 can approve a whole solution for this problem not a solution just can be used for some specific implementation.
Even for the main receiver testing approach, we should consider more. For the MSD impacted by antenna ISO, the main receiver MSD is usually much larger than the MRC MSD. For example 1UL/2DL 3+40, according to our analysis, main receiver MSD is 15 dB but MRC MSD is 5 dB. Will RAN4 define both requirements or just main receiver requirement? If only main receiver requirement is defined, can companies accept the very large MSD defined in spec? 2UL MSD will have the same issues. We are a little worried that RAN4 may have much argument for the seemingly large main receiver MSD.

Therefore, for how to move on this problem, we prefer not testing the requirements before a whole solution is found. For the MSD not impacted by antenna ISO assumption, the test can be done using the current approach.
Proposal 1: RAN4 begin to identify the carrier aggregations for which MSD requirements are impacted significantly by antenna ISO assumptions.

Proposal 2: MSD requirements for the carrier aggregations identified in proposal 1 are not tested before a whole solution for different implementation is found.
3 Conclusion
In this contribution, we provided some analysis for the conducted ISO performance on different UE implementation and have the following observations.
Observation 1: For the single antenna implementation, the conducted ISO performance is possible to be different according to different implementation. If antenna cross switch is used, ISO can be as low as 15 dB for 2.7 GHz and less than 15 dB can be expected for above 3.5 GHz.

Observation 2: For the separated antenna implementation, the two bands may use the same antenna or different antenna in different designs.
For how to move on the antenna ISO discussion, we have the following proposals.

Proposal 1: RAN4 begin to identify the carrier aggregations for which MSD requirements are impacted significantly by antenna ISO assumptions.

Proposal 2: MSD requirements for the carrier aggregations identified in proposal 1 are not tested before a whole solution for different implementation is found.
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