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1 Introduction
In the last RAN4#79 meeting UMTS TRP/TRS requirements for BHH (Besides Head and Hands) use case have been finally approved [1]. 
In following RAN#72 plenary meeting a revision of WI “LTE UE TRP and TRS requirements” has been approved, extending the activity period until December 2016 [2].
The framework for OTA TRP/TRS requirements definition agreed during 2015 [3] has been part of the process of UMTS BHH requirements finalization. Nevertheless, during the discussions some companies expressed concerns on some aspects of the framework that could be improved or revised, such as 

how to reflect on requirements devices supporting Carrier Aggregation. 

This contribution offers the group some proposals in order to improve the framework on such point.
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3 Carrier Aggregation support
According to what was specified in [3], data sets should be homogeneous in terms of support of CA by the measured devices. 

If CA and non-CA device measurements are considered without distinction, significant patterns in the behavior of CA vs non-CA devices could be overseen. As a result, the calculated values for TRP and TRS requirements could penalize either one of the device groups, according to potential performance differences.

When discussing carrier aggregation in relation to TRP and TRS measurements, a few preliminary observations should be considered.
Devices not supporting CA are still more widespread than devices supporting CA. It is likely that non-CA samples will represent the vast majority in the available measurement sets. Therefore, in the beginning CA and non-CA samples should be treated as two sub-sets of each measurement set, and their diverse population size should be taken into account. 

In light of this, it is worth to work on refining the framework so that CA capability is accounted for. In what follows, three approaches are proposed. The decision of which is more valid or adequate should be supported by measurements. In [4] we present our own measurements for LTE considering CA and non-CA devices.
Approach 1 – Separate requirements for CA and non-CA devices: 
One possible way would be to consider different TRP and TRS requirements for devices supporting CA and devices not supporting CA. 

This approach could be justified by the possibly different performance of CA-enabled devices compared to non-CA devices. In fact, not averaging CA samples with non-CA samples would prevent CA-enabled device measurements to bring down the performance for non-CA devices. Conversely, isolating CA measurements might result in having relaxed performance requirements for CA-capable devices.
One might claim that CA support is a not simply a “binary” option. In fact:
· The measured CA-enabled devices might not support all and the same CA band combinations. 
· Also, for certain CA combinations there are available significantly different RF implementations, so that even two devices with support of the same combination can lead to different performance depending on the optimization goals and/or implementation trade-offs.
· Product specs are not always easy to find, and often depend on the country where the device is sold.
· One way to have definitive understanding of which band combinations are supported is to trace the signaling from the UE during call setup. However, the signaling itself might change according to the region the UE is in. 
· Also, even when a device is advertised as supporting specific combinations, it is likely that more combos could be handled (even if not optimized) by the very same device. In this case, not even signaling could help in identifying the supported combinations once and for all. 

All these arguments prove that CA support has many aspects of it. However, they also show how challenging it would be to take every variation among CA-enabled devices into account when defining performance requirements, therefore supporting the need to group all CA devices against non-CA ones.
Observation 1: Due to the reasons above (no homogeneity in support of specific CA band combinations, lack of information with regards to exact CA combination being supported and knowledge of RF implementation, HW support may be present but SW support not implemented) it is observed that any analysis of CA support impact in OTA performance should consider to group all CA devices against non-CA ones.
It could also be argued that, as technology would advance, capability of devices supporting CA would be able to become more optimal, eventually bridging the possible performance gap with non-CA devices. Thus, splitting TRP and TRS requirements would become pointless. 
Observation 2: Technology evolution will eventually bridge the gap between CA and non-CA devices. Thus, splitting TRP and TRS requirements would become pointless in this case.


Lastly, as we have presented in [4], we observe that CA devices seem to show a gap in performance. However, the worst CA devices would still be better than non-CA devices, supporting for another reason to avoid any distinction in performance. 

Observation 3: As we have presented in [4] we observe that CA devices seem to show a gap in performance. However, the worst CA devices would still be better than non-CA devices, supporting for another reason to avoid any distinction in performance.
To comply with these observations, two other approaches are proposed below. They aim to define unique values of TRP and TRS requirements for CA and non-CA devices. 
Approach 2 – Do not distinguish CA from non-CA devices:

Following observation 3 above, the easiest way would be to continue to consider CA and non-CA related measurement indistinctively. For each measurement set presented by a company, all samples would contribute to form a CDF. An overall CDF would then be derived, using all the previously calculated CDFs as input. The same requirement would apply to CA and non-CA devices.
Approach 3 – Single requirement, distinguishing between CA and non-CA devices:
This approach suggests to consider separately samples from CA and non-CA devices. A CA CDF and a non-CA CDF would be derived considering every available CA and non-CA sample, respectively. Also, a “general” CDF would be calculated from all the samples from both CA and non-CA devices. 
According to what we have observed in [4], it is legitimate to think that the three CDFs could look similar to what is shown in the graph below, in this case reporting TRP curves. The example is for illustrative purpose only and is not directly derived from real measurements. The red oval shape underlines the area around the 10th and 20th percentile, where TRP requirements are more likely to be chosen.
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Assuming that a certain distance exists between the CA and non-CA distribution curves, and assuming also that the “general” CDF lies somewhere in between the CA and non-CA distributions functions, as shown in the picture, one possible solution could be to simply choose the “general” CDF as single requirement for both CA and non-CA devices. Alternatively, after having set an initial requirement, the choice of a way to adjust the requirement should be matter of discussion and agreement among the group. 
· 
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4 Conclusion

This contribution offered the group some proposals in order to improve the agreed framework for OTA TRP/TRS requirements definition agreed during 2015 [3]

.
Three approaches have been presented on how to reflect on requirements devices supporting Carrier Aggregation:
· Separate requirement for CA and non-CA devices;

· Do not distinguish between CA and non-CA devices;

· Single requirement, distinguishing between CA and non-CA devices.
The first approach would be justified by the possible performance gap between CA-capable and non-CA devices.
The second approach, on the other hand, would be validated by the difficulty in the exact knowledge of supported CA combinations and RF device implementation. Moreover, technology evolution will eventually bridge the gap between CA and non-CA devices, so that splitting TRP and TRS requirements would be pointless. 
The third approach proposes to define a single requirement being aware of the potential differences between CA and non-CA devices. 
The aim is to discuss the proposals and possibly make some progress.
Preliminary, from our findings in separate contribution [4], which considers our internal investigation based on 89 measurements (being 14 CA devices), we observe that if the requirement is set very relaxed, it would not make sense to define separate requirements for CA and non-CA devices. We encourage other companies to perform similar statistical analysis.
In case RAN4 group agrees, a way-forward document capturing outcomes of discussions related to framework improvement can be drafted.
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�I suggest to have separate contributions so that TIM addresses the possible approaches with number of samples, and we address the CA aspect


�I don’t think there is any issue with this. Mentioning will trigger vendors to comment on this and look for a factor to take into account somehow. This is not what we think is correct


�I’ll provide comments on this section, for us internally. But if we have separate sections we can let TIM draft this part, and we can give him our comment on his part


�LA: Companies with lots of measurements will also be discouraged to present a large sample size with good and bad devices. These companies will only present the 2 best or 2 worst


�LA: However, a data set with not many measurements could otherwise unfairly bias the final statistics since it is unlikely a few measurements represents any population. At least in a large number of samples it is more expected that good and bad will be reflected, and not only the good, nor only the bad (as could be the case when 2 o 5 measurements are provided…)


�Are the weights inverted? Shouldn’t small data sets have higher weights?


�LA: I think this aims to address my concern in previous comment that a small number of measurements could outweight a large one too much.


�LA: Little bit confused with this statement. Is it different than calculating the RAN4 CDF as per the bullet above this one?


�LA: this is probably also a thing to avoid. Why would then I present a large sample size? I would come only with the 2 best or so


�LA: how do you calculate the cdf with these factors?





�LA: not sure what you mean here


�LA: not very convinced of this text I put, but wanted to discuss with you


�LA: not very convinced of this text I put, but wanted to discuss with you


�LA: I see this option like “compromise option”, is this correct?


Option 1 different requirements, option 2, 2 requirements, and option 3 like something in between?


Sounds a bit difficult to agree in principle but


LA: �Not sure how you achieve this by doing that since you always have the “potentially” same problem.


�We use brackets when we want to propose a number but open to other options too


�LA: How do you in practice apply these weights? I know TIM uses this, but how mathematically you propose to do it? So I understand


�LA: And how do you take into account the fact we observed that for bad devices we see non-CA performing worse?





