Page 1

3GPP TSG-RAN4 #94-e-bis	R4-2003330
Online, 20th – 30th Apr. 2020
Title:	Consideration on introduction of Tx diversity feature in Rel-16
Source:			Anritsu Corporation
Agenda Item:			6.11.1.2
Document for:			Approval

1.	Introduction
Discussions on the introduction of transmit diversity feature in a Release 16 UE are continued for several meetings in both RAN4 and Plenary RAN. The most controversial point with this feature is that this can be implemented transparent and the detail is up to each vender. In this contribution we consider consequences of applying transparent transmit diversity concept and influences to the verification scheme under its situation. 

2.	Discussion
2.1 Related factors which are under transparent situation
 From here we consider cases in which only the transparent transmit diversity is implemented in a UE (while there might still be a possibility that the non-transparent Tx diversity feature can be introduced in the future) and also focus on TRx RF requirements. When we consider factors which are related to the verification of a UE with the transparent transmit diversity feature, possible parameter we should take into account could be as follows.
1) a total number of antenna connectors 
2) a number of simultaneously active antenna connectors 
3) variation of transparent Tx diversity 
2.2 Consideration on factors 1) to 3)
For the factor 1) and 2) above, since this Tx diversity feature is transparent, a minimum requirement which corresponds to the single antenna port mode (=single carrier case) shall be single value for each test condition. However in reality, for the test cases with which a test metric is power like EIRP or TRP, an impact to the measurement result which is caused by sum of noises from all the measured antenna connectors may vary depending on the total number of antenna connectors. 
Observation 1: An impact to the measurement result which is caused by sum of noises from all the measured antenna connectors may vary depending on the total number of antenna connectors.
Therefore what we can do to avoid defining separate test requirements is only to define them based on the worst case scenario, in this case based on the considerable maximum number of antenna connectors regardless with the actual number of implemented antenna connectors or actually activated antenna connectors in a UE. The consequence will then introduce an issue with the estimation of measurement uncertainty value even for the single antenna port mode for Release 16 UE. The more we have to connect antenna connectors with a test equipment, sum of noises increases more and thus the expected measurement uncertainty can be bigger than Release 15 requirements, which may bring the situation that the corresponding test tolerance may have to be revisited even with the existing single carrier test cases for Release 16 UEs. However since RAN5 has not started the study of impact to the measurement uncertainty yet, we do not have an actual estimation on the MU values with test cases which may be affected. Therefore we do not have information associated to an acceptable maximum number of antenna connectors, neither. 
Observation 2: In a case we introduce the transparent transmit diversity feature in the Rel-16 UE, we might have to apply a bigger measurement uncertainty value and test tolerance even to the existing single carrier test cases to avoid defining test requirement separately. In that case we also may have an impact to the regulatory requirements in each country.
Observation 3: RAN5 does not have an actual estimation of the MU values with test cases which may be affected by transparent Tx diversity feature, and do not have information associated to an acceptable maximum number of antenna connectors, neither.
 For the factor 3) above, until today RAN1 has discussed on multiple transparent transmit diversity schemes. [4 - 8] Table 2.2-1 shows the candidates of transmit diversity schemes. As can be seen in the table, even now we have two candidates of transmit diversity scheme for transparent type.
Table 2.2-1: Example of transmit diversity schemes
	Type
	Scheme

	Transparent
	SD-CDD (Small-Delay Cyclic Delay Diversity)

	
	Panel Selection

	Non-transparent
	STBC (Alamouti-based, time-domain)

	
	SFBC (Alamouti-based, frequency-domain)

	
	Precoder Cycling


 However since this diversity scheme is the transparent type, there is no need to specify the exact behaviour of UEs in the specification. So as already mentioned in the previous paper [3] or also as mentioned by TE vendor in the reflector during the RAN #87-e meeting, there is a need to establish a way to calculate measurement results and a scheme to derive verdicts which always satisfies the test procedures regardless of the variety of the transparent transmit diversity schemes and also regardless of the number of antenna connectors after measuring per antenna connector (especially for transmit signal quality test cases). More specific to say, in addition to calculate EVM with multiple antenna connector measurement, following points are not clear or considered problematic.
 When measuring EVM:
· It is not clear how we equalize each measurement result per antenna connector, equalize per measured connector or after summing all results?
· What kind of equalization can be applied to the measured data under the condition that the scheme of Tx diversity is unknown?
· Anyway we do not have such numbers of measurement port (possibly 8 ports?) in our test equipment.
· Suppose that we simply sum all the measured data and equalize them, what kind of measurement uncertainties do we need to figure out other than the noise impact above?
· There is a possibility that the summed data may have a frequency selectivity at specific frequencies. Then it is challenging to carry out the equalization at that part.
Unfortunately we do not have contributions which figure out our questions by an experimental result provided in the group as of now.   
Observation 4: To introduce the transparent transmit diversity feature, some studies are necessary to establish a way to calculate measurement results and a scheme to derive verdicts which always satisfies the test procedures regardless of the variety of transparent transmit diversity schemes and the number of antenna connectors after measuring per antenna connector.
 Considering observations above, we assume at least following points need to be clarified.
· Maximum acceptable number of antenna connectors from the measurement uncertainty point of view
· A scheme to derive verdicts under the condition which the active antennas are unknown
· A way to combine EVM measurement results after measuring per antenna connector
· A way to equalize acquired data before calculating EVM
· Measurement uncertainty factors other than noise impact

Proposal 1: Companies are encouraged to bring views and experimental results for the factors below to facilitate the discussion of transparent transmit diversity. Other factors are not precluded.   
· Maximum acceptable number of antenna connectors from the measurement uncertainty point of view
· A scheme to derive verdicts under the condition which the active antennas are unknown
· A way to combine EVM measurement results after measuring per antenna connector
· A way to equalize acquired data before calculating EVM
· Measurement uncertainty factors other than noise impact

3. Conclusion
In this contribution we considered consequences of applying transparent transmit diversity concept and influences to the verification scheme under its situation.
Observation 1: An impact to the measurement result which is caused by sum of noises from all the measured antenna connectors may vary depending on the total number of antenna connectors.
Observation 2: In a case we introduce the transparent transmit diversity feature in the Rel-16 UE, we might have to apply a bigger measurement uncertainty value and test tolerance even to the existing single carrier test cases to avoid defining test requirement separately. In that case we also may have an impact to the regulatory requirements in each country.
Observation 3: RAN5 does not have an actual estimation of the MU values with test cases which may be affected by transparent Tx diversity feature, and do not have information associated to an acceptable maximum number of antenna connectors, neither.
Observation 4: To introduce the transparent transmit diversity feature, some studies are necessary to establish a way to calculate measurement results and a scheme to derive verdicts which always satisfies the test procedures regardless of the variety of transparent transmit diversity schemes and the number of antenna connectors after measuring per antenna connector.
Proposal 1: Companies are encouraged to bring views and experimental results for the factors below to facilitate the discussion of transparent transmit diversity. Other factors are not precluded.   
· Maximum acceptable number of antenna connectors from the measurement uncertainty point of view
· A scheme to derive verdicts under the condition which the active antennas are unknown
· A way to combine EVM measurement results after measuring per antenna connector
· A way to equalize acquired data before calculating EVM
· Measurement uncertainty factors other than noise impact
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