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1 Introduction
There were some discussion on the antenna ISO assumption in RAN4#75 and RAN#68 meeting. A WF [1] was agreed that there should be some study on this issue in RAN4. This contribution provides some views from our company.
2 Discussion

2.1 UE antenna ISO performance
As there are many types of devices existing, they all need to conform to the same requirements, which is reasonable that the BS and deployment need to consider all of the possible devices in the coverage. Antenna ISO performance is very different according to our internal survey. There’s some common understanding that low frequency ISO may be worse than high frequency. That understanding is generally correct when talking about one specific design. However, if all of types of devices or different implementation of one type of UE is considered, we cannot have a straightforward conclusion that high frequency antenna ISO is definitely better than low frequency antenna ISO.
If we reuse the low-high frequency ranges assumption as in the discussion of inter-band carrier aggregation. The following is our estimation and measurement results of different types of devices.

Table 1: UE antenna ISO performance summary

	Device types
	Antenna ISO

	
	Low frequency ( dB, for f < 1 GHz )
	High frequency ( dB, for f > 1.7 GHz )

	Smartphone
	~ (8~10)
	~ (8~15)

	Tablet
	~(8~10)
	~(8~15)

	MIFI
	~(8~10)
	~(8~15)

	USB dongle
	~(8~10)
	~(8~12)

	CPE
	~(10~12)
	~(12~15), 20 can be reached for very large CPE


If more space can be reserved for antennas, the isolation can be relatively larger. But when the device size is limited like USB dongle, it’s very hard to reach large antenna isolation performance. For the commercial smart phone, screen takes up almost all of the area, sometimes the case is made of metal and hand/head effect also needs to be considered for the antenna placement, it’s not an easy task to reach a very good antenna ISO.

Therefore, we have the following observation,
Observation 1: Given the variety of UE implementations and form factors, it seems difficult to arrive at one value for antenna ISO. If one has to be picked, the existing assumption of 10dB seems reasonable.
2.2 Primary and Diversity paths’ ISO in conducted test mode

In conducted test mode, the ISO between primary and diversity paths usually is larger than the radiated antenna ISO. The general principle for the implementation is that if conducted ISO is not the dominate aspect for the final radiated performance, it’ll be ok for the whole implementation. 6 dB more conducted ISO will contribution 1 dB to the final radiated ISO. Flexibility can be used in the implementation on how much conducted Primary/Diversity conducted ISO needs to be cared.
Observation 2: Usually the conducted ISO between Primary/Diversity paths is large enough to not impact the final radiated antenna ISO.
2.3 Antenna ISO assumption in the UE RF analysis
The antenna ISO has been assumed to be 10 dB for the conducted performance analysis so far. There’s no problem at that time because for single carrier analysis, the dominant noise considered by REFSENS for diversity path is the front end IL and RFIC noise figure. Antenna ISO performance will not impact the combined REFSENS largely. The same theory applies to the carrier aggregation REFSENS with no MSD.
For the 1UL/2DL carrier aggregation MSD, there’re 3 types existing in the specification, i.e. harmonic MSD, MSD due to the small GAP between the bands, MSD caused by the filter’s poor cross-band ISO. We checked several MSD analyses in history and found that antenna ISO assumptions don’t change the MSD performance for some of them. For example, for 3+42, PCB coupling noise is 20 dB larger than the noise coupling from primary path; increasing the antenna ISO assumption doesn’t help anything for the final MSD. Other harmonic MSD may have the same conclusion. We could also see very small MSD difference for some other types of MSD source.
As there’re already legacy and under-development UEs for carrier aggregation, if there’s no evidence that the requirement are really necessary to be re-discussed, we suggest RAN4 don’t re-open any discussion related to the antenna ISO discussion.
Observation 3: For single carrier and CA REFSENS with no MSD, no changes for the requirements/test are needed due to the antenna ISO discussion. Not all of the carrier aggregation’s MSD are closely correlated to antenna ISO assumption.
2.4 Conducted REFSENS and radiated performance
RF engineers can use conducted REFSENS as a starting point to do the analysis and design the RF front end. Radiated requirement/performance can also take it as a reference. Radiated performance will always be worse than conducted mode because of the antenna efficiency. Engineers can try to make the radiated performance to meet the theory performance. Usually companies have different groups of RF engineers and antenna engineers, RF engineers focus on the conducted mode implementation and antenna engineers are responsible for the antenna design. Certainly there’s co-operation to make sure the final radiated performance is good. But for RF engineers, conducted requirements can provide good guidance to implementation and only when conducted requirements are verified the antenna could be connected further to check the radiated performance. If conducted requirement is defined assuming very high antenna ISO, the integration debugging may be a big problem for engineers. RF engineers may have to derive another reasonable requirement to verify the RF part. In theory, radiated performance can be roughly estimated by the antenna efficiency. Considering this aspect, using a reasonable antenna ISO assumption in the conducted discussion is very important.
Observation 4: Conducted REFSENS requirement can be the reference to radiated performance, using a reasonable antenna ISO in the conducted discussion is very important.
2.5 Possible ways to move on
For all of the conducted RF analysis, we prefer that 10 dB antenna ISO is still used as the assumption, because it has been used so far and antenna engineers have used it as a reference from long ago. Many skills may be related to that assumption. Even there’s antenna performance difference for different implementation, RF engineers and antenna engineers may have had some co-operation rules based on that assumption to guarantee the final radiated performance. Therefore, we think keeping the same assumption may be better for both of the implementation and the estimation of the radiated performance. Deployment also can have some reference for the coverage. And the antenna ISO assumption discussion will not delay the WIs if it’s not finished quickly.

Suggestion: 10 dB antenna ISO is still used in the UE RF analysis in RAN4 to provide reasonable guidance to RF front end/antenna implementation and radiated performance.
Regarding how to fix the problem identified in the conducted mode test, we think it seems it’s difficult to find a good or straight forward way. However, we have some preliminary views to be provided here. According to the analysis in 2.3, we may only need to focus on the CA MSD related to antenna ISO assumption. For the CA REFSENS not related to antenna ISO assumption, the on-going procedure could be used, i.e. no changes on the RAN5 test procedure.

For the principle on how to identify if the MSD is related to antenna ISO assumption, we can have some discussion in RAN4 to reach some agreement. For example, if the difference between the two assumptions (10 dB and 20 dB (?)) is larger than 0.5 dB (?), we can say that the MSD is related to antenna ISO assumption. If there’s no agreement on being related or not being related, the MSD could be considered as being related to antenna ISO assumption.
For the test, we considered the coupler proposal from some offline discussion. It seems a reasonable way to not let UE has any opportunity to easily pass the test. But the ISO value of the coupler will be a problem, if the coupler is large, the requirement based on this coupler will be much better and be very different with radiated performance. Furthermore the components chosen for the good conducted requirement may be not good enough to guarantee the final radiated performance. If the coupler is small, this may need UE to pay extra penalty to the artificial test, actually good antenna ISO UE may not need to pay the penalty. Therefore the coupler proposal may not be realizable.
We also considered only testing the primary path because UE implementation always puts primary path to the first priority and this way also can provide some guidance to RF engineers. But this solution has the disadvantage that base band algorithm for two Rx paths is excluded and the trade-off flexibility between primary path and diversity path is gone. Furthermore, primary path MSD is much larger than the MRC MSD for some CAs, like 3+40/3+41. If primary MSD is defined as the requirement, operators/system engineers may have wrong impression on UE performance to lead to wrong network deployment. In conclusion, we think only testing primary path is not practical either.

When we considered this problem in deep, we found that testing the MSD related to antenna ISO may be a problem not only for the diversity path but also for the primary path. If MSD is related to the antenna ISO, usually it’s because some interference from one band to the other band happens for example PA leakage for 1+3 and IM2 for 3+40/3+41. The requirements were defined with the assumption that UE is implemented by one antenna for the two bands, which is reasonable that the requirements are the minimum requirements for all of the implementation possibilities. However, some UE implementation may use separate antennas for the two bands, then in the conducted mode, the performance of separate antenna implementation will have better performance than the one antenna implementation because the ISO between the two paths is much better than the diplexer/(qudplexer-duplexer). This problem was also described in [2], and we think adding a coupler to the two antennas is not reasonable for this case as the reason justified above. Therefore, if MSD is related to antenna ISO assumption, it’s very difficult to find a rational way to be tested even for the primary path performance when UE is implemented using separate antennas.
Considering all of the possible solutions/problems as described above, we think there may need more consideration on how to address the concerns from operators. The antenna ISO related MSD can be taken out of RAN5 test cases before RAN4 has agreements on how to move on.
3 Conclusion
This contribution provides some considerations on the antenna ISO assumption in UE RF analysis. We have the following observations/suggestions,
Observation 1: Given the variety of UE implementations and form factors, it seems difficult to arrive at one value for antenna ISO. If one has to be picked, the existing assumption of 10dB seems reasonable.
Observation 2: Usually the conducted ISO between Primary/Diversity paths is large enough to not impact the final radiated antenna ISO.

Observation 3: For single carrier and CA REFSENS with no MSD, no changes for the requirements/test are needed due to the antenna ISO discussion. Not all of the carrier aggregation’s MSD are closely correlated to antenna ISO assumption.

Observation 4: Conducted REFSENS requirement can be the reference to OTA radiated performance requirement. Using a reasonable antenna ISO in the conducted discussion is very important.
Suggestion: 10 dB antenna ISO is still used in the UE RF analysis in RAN4 to provide reasonable guidance to RF front end/antenna implementation and OTA discussion.
For how to fix the problem, we think there may need more consideration on the concerns from operators. The antenna ISO related MSD can be taken out of RAN5 test cases before RAN4 has agreements on how to move on.
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