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1.	Introduction
Discussions to achieve simultaneous multiple signal transmission (transmitting another in-band signal or a blocker in addition to the wanted signal) from the test equipment are continued from last year [1-5]. As summarized in the previous contribution [2], there are multiple considerable system configurations and one of them can be achieved by adding an offset antenna in a vicinity of a main feeder antenna. But due to a difference of angles to deliver signals, there is an expectation of a gain loss at the antenna in the DUT and thus it may lead to the additional measurement uncertainty [1][5]. On the other hand, there are test systems which are already designed based on a single carrier test, and there is a concern that the discussions of measurement uncertainty may have to be revisited even with existing Release 15 test cases if the concept of offset antenna for CA or dual connectivity cannot be accepted. 
In this contribution we compare some of typical configurations from multiple viewpoints such as measurement uncertainty, system cost, scalability and feasibility, and try to consider an acceptable solution for the industry to success the 5G business by deploying reasonable FR2 test systems, or by upgrading the existing systems.

2.	Discussion
2.1 Consideration on system configurations for multiple signal transmission  
 Before starting the comparison of test systems, to simplify the discussion, here we list considerable systems from a view of places where the DL signals are combined. Note that one of the previously introduced configurations which transmits two signals from each orthogonal antenna port in one dual-polarization antenna (pattern 2 in [2, 3]) is omitted in this paper since it cannot cover cases for more than 2 inter-band CA. 
 In this paper we categorized systems in four configurations as follows.
Configuration 1: Combine signals over the air by using independent antennas.
	In this way we have to consider an effect of an offset antenna.
Configuration 2: 	Combine signals in the external combiner unit.
	In this way we may need an additional amplifier in order to maintain RF performance and a compatibility with single carrier TCs. This configuration is quite similar to configuration 3.
Configuration 3: Combine signals at RF path in RF front-end unit.
	In this way we may also have to consider the additional amplifier to maintain RF performance and the compatibility. 
Configuration 4: Combine signals at intermediate frequency (IF) or base band (BB).
	In this way there is a limit of bandwidth at the IF or BB and this is not actually a practical method.
Figure 2.1-1 to 2.1-4 depict each configuration above. A part surrounded by dash line is the necessary modification for the multiple signal transmisson..

Figure 2.1-1: Configuration 1 to combine signals OTA from independent antennas 

Figure 2.1-2: Configuration 2 to combine signals in the external combiner unit
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Figure 2.1-3: Configuration 3 to combine signals at RF path in RF front-end unit 
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Figure 2.1-4: Configuration 4 to combine signals at IF or BB

 We compare pros and cons of these configurations from next sub-clauses.
2.2 Comparison of system configurations  
 In this sub-clause we compare configurations above from several viewpoints, i.e. a) measurement uncertainty, b) system cost, c) scalability and d) feasibility. There is one thing that should be noted that these comparisons are made under an assumption that a base should be the systems which have already been delivered to customers as a test system for single carrier test cases. These analyses may vary if the assumption of the consideration is made based on the systems which are not delivered to customers yet, in other words systems which are designed to take into consideration of multiple signal transmission from the beginning. But the fact is that we have already have systems which were delivered to the industry and we cannot ignore these products. Also we need to consider the impacts at both Tx and Rx test cases simultaneously since the addition of combiner may have impacts on both transmission and reception.
Observation 1: Results of comparison may change depending on an assumption whether we take into consideration of systems which have already been delivered to customers or not. 
Observation 2: We need to take into consideration of systems which are already delivered in the industry.
Observation 3: The impact of changes needs to be analyzed for both Tx and Rx test cases as a package.

Configuration 1: Combine signals over the air by using independent antennas
a) Measurement uncertainty
The biggest benefit with this configuration is that we can maintain the previous MU values which are already completed as Rel-15 single carrier test cases. Also there is a chance that we can avoid additional noise impact by bypassing the combiner and the amplifier for combining multiple signals, which means that this system has a chance to minimize the loss of dynamic range even with the multiple signal configuration. On the other hand, as already reported in [5], we need to take into consideration of additional MU factors for CA or DC such as QoQZ and gain loss at UE antenna caused by the difference of angle of arrival. But we are anticipating this is within an acceptable level.
b) System cost
Differences between configuration 1 and others are an additional antenna, a cable (and no additional broadband amplifiers and a combiner). The cost is expected to be roughly around $10,000.
c) Scalability 
This configuration has a superior scalability especially with frequencies that the system needs to support (wanted signals or interferer). The system can cover the new bands by just adding converter(s) without an additional broadband amplifier as an optional feature, for example the new band around 47 GHz which is expected to be added by FCC in the US in the near future. Also even though there are no discussions happening yet in the group, only this system can support the scenario which requires the transmission of multiple TDD signals without synchronizing uplink (UL)/downlink (DL) timing for example between 28 GHz band and 39 GHz band. Other configurations cannot support this feature since they need to switch UL and DL timing simultaneously in a case of TDD.
d) Feasibility
Some studies are needed but possible. Studies to optimize an additional antenna position, calibration method of systems with the offset antenna, and QoQZ measurement are needed. 
Configuration 2: Combine signals in the external combiner unit
a) Measurement uncertainty
Compared to configuration 1 (independent transmission of signals), this system has a benefit that it does not need to add new MU factor which is related to the offset antenna to transmit / receive multiple signals. On the other hand since the additional amplifiers for both DL and UL are needed to compensate for the losses caused by the combiner and splitter, dynamic range of the test system will be decreased and thus there is a high possibility that the discussions for the existing MUs for Rel-15 single carrier test cases need a revisit, which also have an impact to the current study item which has an objective of improving high / low PSD test case issues. Also an antenna which covers wider frequency range tends to have a characteristic that a beam width becomes narrower along with the increase of frequency. Hence there is a concern that the current QoQZ MU may need to be revisited even with a single angle of arrival case. 
b) System cost
This system needs the additional combining unit which includes combiner, splitter and amplifiers for DL and also UL. The cost is expected to be roughly around $20,000 to 50,000.
c) Scalability 
 As shown in Figure 2.1-2, the additional amplifier after combining multiple signals is needed to compensate for the loss of combiner, and also in order to maintain RF performance and a compatibility with single carrier TCs. However it is challenging to cover the whole frequency range by one amplifier especially for the ranges which includes the higher frequency like 50 GHz or more. The wider the band gap increases, lower the possibility drops to cover wide frequency ranges with the same performance and thus it is not reasonable for one combining unit to cover the increasing frequency range which is going to be discussed in the future releases.
d) Feasibility
 As we already mentioned above, feasibility of this configuration varies depending on the development phases and we assume that it is not possible to avoid affecting the performance of existing test systems. MU studies and relaxation of test requirements including existing Rel-15 TCs are needed again. 
Configuration 3: Combine signals at RF path in RF front-end unit
a) Measurement uncertainty
 MU of this configuration is almost same as configuration 2. This configuration might have a slightly less path loss compared to configuration 2 since the combiner is included in one of the RF front-end unit. 
b) System cost
 We assume that the system cost is also similar to configuration 2.
c) Scalability 
 Similar to the configuration 2, this configuration also equips an amplifier in the RF front-end unit 1 and thus this also has a limit of the supporting frequency range.
d) Feasibility
 Similar to configuration 2.
Configuration 4: Combine signals at intermediate frequency (IF) or base band (BB)
a) Measurement uncertainty
This method should have the least impact to the existing test systems if this can be achieved. However in reality this method has a limit with the achievable channel bandwidth at both IF and BB as explained below at the scalability part. So the MU is not applicable.  
b) System cost
 As explained in the scalability part below, this method is not practical and thus the estimation of cost is not applicable.
c) Scalability 
The bandwidth of IF is limited by a bandpass filter to suppress the higher order harmonics or IMDs, and the baseband is limited by the DAC as described in [4]. The limit is approximately 1 GHz at both IF and BB, and thus this configuration is not a practical choice to support multiple signal transmission. 
d) Feasibility
 As mentioned above in the scalability part, this method is not practical. 

 Table 2.2-1 shows the summary of our overall analysis above. As can be seen below, we believe that configuration 1 has several benefits especially at the scalability and feasibility point of view, and there is no reason to preclude this concept. And the concept of test system configuration should be flexible at this stage to cater with the increase of higher frequency bands. 
Table 2.2-1: Overall configuration comparison
	
	Measurement uncertainty
	Equipment cost
	Scalability
	Feasibility

	Configuration 1
	2
	2
	1
	1

	Configuration 2
	2 or 3
	3
	2
	2

	Configuration 3
	2 or 3
	3
	2
	2

	Configuration 4
	N/A [1]
	N/A [1]
	3
	3

	Note 1: 1 – Good, 2 – Fair, 3 – Poor, [1] – Good if the configuration can be achieved.
Note 2: Comparison is based on the assumption that the modification is made from the already delivered test systems for single carrier test cases.


Observation 4: Configuration 1 has benefits especially at the scalability and feasibility point of view.
Observation 5: The concept of test system configuration should be flexible at this stage to cater with the increase of higher frequency bands.
Proposal 1: Allow a concept of additional offset antennas for measurement of FR2 RF TRx requirements even with one AoA measurement condition. FFS if there is any needs of additional measurement uncertainty caused by the offset antennas.

3. Conclusion
In this contribution we introduced our analysis of test system configurations from multiple viewpoints, a) measurement uncertainty, b) system cost, c) scalability and d) feasibility especially taking into consideration of existing requirements and new band in the future in order for all the companies in this industry to success with the 5G business.
Observation 1: Results of comparison may change depending on an assumption whether we take into consideration of systems which have already been delivered to customers or not. 
Observation 2: We need to take into consideration of systems which are already delivered in the industry.
Observation 3: The impact of changes needs to be analyzed for both Tx and Rx test cases as a package.
Observation 4: Configuration 1 has benefits especially at the scalability and feasibility point of view.
Observation 5: The concept of test system configuration should be flexible at this stage to cater with the increase of higher frequency bands.
Proposal 1: Allow a concept of additional offset antennas for measurement of FR2 RF TRx requirements even with one AoA measurement condition. FFS if there is any needs of additional measurement uncertainty caused by the offset antennas.
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