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1
Introduction
This contribution starts from way-forward [1] approved at RAN4#82 meeting, then discussing and analysing possible improvements of the TRP/TRS framework.
2
Proposals from RAN4#82
Proposals for improving the TRP/TRS framework have been presented in [2] and [3], targeting a joint pass/fail criteria for all bands supported by each UE involved in the process of requirement definition. According to their proponents, the rationale behind such proposals is based on the fact that a UE is certified by GCF for all supported bands, and then defining a requirement for each band individually (as in framework currently in force) might overestimate actual performance, and it is not reflecting the fact that a UE supporting multi-band cannot guarantee same level of performance on all the bands, that in general might decrease when the number of supported bands is increasing (proponents made the example of GSM where only 4 bands were considered, and UMTS where again only few bands were considered in the UE at the time of requirements definition).
These proposals have been discussed at RAN4#82 meeting, and following critical issues have been identified (see [1]):

a) Selection of bands for initial application of methodology
b) How to add requirements for a band which does not have already requirements, when requirements have been already set for a first set of bands? 
c) How do test tolerance considerations relate to the methodology?
d) How does the methodology work in case of data already available in RAN4 (mainly region based)?
We share the views that critical issues above have to be solved in order to further discuss the proposals. In the followings we tried to further elaborate on such issues.

The joint pass/fail criteria is intrinsically based on a list of bands for which the requirements are going to be defined. Within this list, for each UE with available measurements, only measured bands are considered in the pass/fail criterion: therefore, different UEs can be checked on different bands. This approach then first of all requires that all available measurements in RAN4 are provided per UE. In addition, availability of measurements for all the interested bands would be recommended; nevertheless, as per today measurements coming from different companies are covering only few bands per UE, typically bands that are more relevant for the proponent.

Thus, the first issue on selecting the list of bands for initially applying the methodology is relevant: even if we select all bands across all available measurements today, at the end of the day each UE would be checked only against its available measurements when deriving its joint pass/fail criteria. In addition, for some bands there are a lot of available measurements (i.e. a lot of measured UE), for others very few. Moreover, the final requirements would be set as a sort of “trade-off” among all considered bands for having an acceptable rate of failing in all considered bands. Thus, the final result would be a mix of inhomogeneous results on both addressed bands per UE and coverage of each band, and would be dependent on the considered mix of bands and “trade-off” criteria.
Then, a second issue, very challenging, is related to the addition of requirements for a new band, once requirements for some other bands are already defined. Since there is a tight relationship between already available requirements and related bands, the “cleanest” approach should start from scratch with a new list of bands including all the already defined bands plus the new one. Nevertheless, this approach is not practical at all, since already agreed values would be “disagreed”. Another approach, would be to perform a new joint pass/fail criteria with all the bands (the ones already defined plus the new one), while keeping fixed all the requirements for already defined bands: in this case the only possible trade-off would be on the new band. Also in this latter case there is a drawback: the proponent of the new band would be in the position to only “trade-off” such band, without any other possibility, thus discriminating this band versus all bands defined earlier. On the other hand, the new band could be defined without any relationship with already defined bands: in this case, the discrimination would be for all bands defined earlier that have considered a joint criteria when setting requirements, while the new one would be defined without any constraint.
A third issue is related to the implementation of joint pass/fail criterion. This criterion would like to “simulate” the approach followed by GCF when certifying a UE, and each measurement for each band of each UE is checked against a threshold (i.e. the requirement). In doing this, GCF considers each measurement for each band of each UE applying test tolerances to the given requirement. Therefore, in our view the same should be done in the proposed scheme. Avoiding to consider test tolerance in the proposed scheme would increase the failing rate compared to what GCF would certify in reality, without any reason. Considering test tolerance is already a common practice in RAN4 when defining OTA TRP/TRS requirements, since the agreement on the values always underlies certain values of test tolerance.
Finally, there is an issue related to the available measurements in RAN4. Since several measurements have been collected in past meeting, in [1] it was agreed that all data already available in RAN4 will be exploited. Our concern is that all available data have been presented for a subset of bands, i.e. each UE has been measured only for a subset of bands and different subsets of bands have been considered across all available UEs. In addition, for some bands there are a lot of available measurements (i.e. a lot of available UE), for others very few. Therefore, any proposal for amending the framework should be first applied “as a trial” before a final agreement, in order to check how it works with the available set of data in RAN4.

Summarizing, we believe that proposals in [2] and [3] are not optimal for addressing the issue on multi-band support of UE, due to their huge complexity in the implementation and weak flexibility towards introduction of new bands and exploitation of already available results.

In the next section we analysed the issue of multi-band support from a different point of view, and we make an alternative proposal.
3
New proposal

In this section, we first analyses the issue of multi-band support within a UE, in order to verify whether a UE supporting multi-band can guarantee or not same level of performance when the number of supported bands increases.

Then, on the basis of such results we make a proposal.

2.1 TRP/TRS performance vs number of supported bands in UE
In order to verify whether a UE supporting multi-band can guarantee or not same level of performance when the number of supported bands increases, we considered a set of TRP/TRS measurements of 34 handhelds, made available since beginning of 2016 up to present days. For each UE, we measured TRP/TRS on bands 3, 7 and 20 in free space conditions. 
In addition, for each UE, we derived the number of supported bands, considering both LTE, UMTS and GSM bands, and we grouped them in “low bands” if < 1GHz, and “high bands” if > 1 GHz. It is worth to note that, in order to simplify the analysis, bands of different RATs have been considered as independent, i.e. for example band 3 LTE and band 1800 GSM are considered as two separate bands, and then summed up together.
Then, we analysed the TRP and TRS performance vs the number of bands (low, high, total) for each of the three available bands (3, 7, 20), aiming to find a trend line indication, as depicted in following figures.
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Figure 1: LTE TRP vs Number of “high bands” in UE for bands 3 and 7
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Figure 2: LTE TRP vs Number of “low bands” in UE for band 20
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Figure 3: LTE TRP vs Total number of bands (“high”+”low”) in UE for bands 3, 7, 20
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Figure 4: LTE TRS vs Number of “high bands” in UE for bands 3 and 7
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Figure 5: LTE TRS vs Number of “low bands” in UE for band 20
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Figure 6: LTE TRS vs Total number of bands (“high”+”low”) in UE for bands 3, 7, 20
2.2 Observations
Looking at analysis reported in figures above, following considerations have been derived:

· Band 3 TRP: the number of “high” bands and “low” bands supported by the UE is not affecting the performance, indeed the trend line is flat. This is reasonable, since band 3 is one of the most important LTE bands, available in many countries around the world, and thus it should be well optimized in most of UEs.
· Band 7 TRP: in this case increasing the number “high” bands and “low” bands supported by the UE is positively slightly affecting the performance. Since many UE implementations consider a separate feed for band 7, especially high-end phones (and thus UEs with many supported bands), this sound reasonable. The trend line shows a span of about 0.5 dB of improvement.
· Band 20 TRP: in this case increasing the number “high” bands and “low” bands supported by the UE is negatively affecting the performance, as it could be expected. The trend line shows a span of about 0.7 dB of degradation.
· Band 3 TRS: the number of “high” bands and “low” bands supported by the UE is slightly negatively affecting the performance. This is the band with lower impact on the performance due to increased number of bands. As already mentioned, this is reasonable, since band 3 is one of the most important LTE bands, available in many countries around the world. The trend line shows a span of about 0.5 dB of degradation.

· Band 7 TRS: in this case increasing the number “high” bands and “low” bands supported by the UE is negatively affecting the performance. The trend line shows a span of about 1 dB of degradation.

· Band 20 TRS: in this case increasing the number “high” bands and “low” bands supported by the UE is negatively affecting the performance. The trend line shows a span of about 0.5 dB of degradation.

Summarizing, a part band 3 and band 7 TRP other cases present a performance degradation when increasing the number of bands. These conclusions are valid in any case: considering only number of “high” bands for performance of band 3 and 7 (i.e. high bands), only number of “low” bands for performance of band 20, or total number of bands (i.e. “high”+”low”) for performance of all the bands.
2.3 Proposed method
In the light of the analysis above, we believe that an amendment of the framework in order to reflect showed impacts due to increasing number of supported bands by UE could be further discussed.
As already mentioned, we believe that joint pass/fail criteria is not the right approach for doing this. And we propose an alternative method, based on the following points:
1) For each band the TRP and TRS requirements are defined according to available measurements related to such band, i.e. no joint analysis across several bands is considered.

2) A set of “compensation” values for TRP and a set of “compensation” values for TRS are defined for each band, depending on the total number of supported bands in the UE, like in the exemplary table below. Such “compensation” values are used to relax requirements defined at point 1) above.
Table 1: TRP compensation values (example)
	
	ΔTRP [dBm]

	E-UTRA Band
	Total number of bands ≤ 12
	Total number of bands ≤ 18 and > 12
	Total number of bands ≤ 24 and > 18
	Total number of bands > 24

	3
	0
	0
	0
	0

	7
	0
	0
	[-0.25]
	[-0.5]

	20
	0
	0.25
	0.5
	0.5


Table 2: TRS compensation values (example)
	
	ΔTRS [dBm]

	E-UTRA Band
	Total number of bands ≤ 12
	Total number of bands ≤ 18 and > 12
	Total number of bands ≤ 24 and > 18
	Total number of bands > 24

	3
	0
	0
	0.25
	0.5

	7
	0
	0.5
	0.75
	1.0

	20
	0
	0
	0.25
	0.5


3)  “compensation” values are used to relax requirements defined at point 1) above, and to derive the actual requirement to be considered in the certification process.

It is worth to note that proposed method above is also superseding all the critical issues related to proposals in [2] and [3]:

· there are no issues related to selection of list of bands for applying the method since requirements for each band can be set without any cross-band constraint;

· there are no issues in case a band is added later in a second phase;

· there are no issues related to exploitation of already available data in RAN4: all data can be used according to framework as it is today;

· there are no issues in considering test tolerance in the process.
4
Conclusion

In this contribution, some considerations on proposals for improving the TRP/TRS framework presented in [2] and [3] have been described.

Then, an analysis for understanding whether and how the number of supported bands in the UE is affecting the performance has been carried out.

And, finally, some observations have been reported and a tentative proposal for improving the framework has been done.
The proponent is available to work with other companies for further developing the proposal in this document, aiming to finalizing a way-forward during the meeting week.
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