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1.	Introduction
This contribution is a re-submission of the previous paper in RAN4 #93 meeting [5] since it wasn’t treated.
WF on FR2 Inter-band DL CA [1] was approved at #92bis meeting. In this contribution we introduce our views on one of the objectives in the study item [4] for inter-band CA test.
2.	Discussion
2.1 Consideration on test case coverage by one test system
 Though one of the objectives in the WF [1] is to study a testability of Rx spherical coverage with inter-band CA condition, we need to take into account of a test case coverage for Release 15, 16 and future releases, and need to avoid adding testability issues to our FR2 test systems as much as possible. Therefore considering the previous precedent in LTE such as multiple CA and countless additional bands, we should design a test system flexible as much as possible.
Observation 1: Test system needs to be designed flexible as much as possible to avoid adding an impact on the existing (Rel-15) and future requirements. Otherwise even the existing core requirements and test requirements will have to be revisited by adding multiple CA test cases. 
This also indicates that we need to figure out possible necessary requirements which we will study in the near future as much as possible. Otherwise companies will face an issue which forces us to own multiple OTA test chambers for every release at the worst case. 
Proposal 1: Figure out possible necessary requirements in Release 16 which are related to FR2 inter band CA.

2.2 Anticipated test systems for Rx spherical coverage with inter-band DL CA condition
 Taking into consideration of the previous WF [1], contributions at #92bis meeting [2][3] and also the objective of the study item [4], we studied a possible test system configurations as follows. Note that a reflector in the indirect far field (IFF) chamber is omitted to simplify the figures. As mentioned above, we prioritized following two things during the study of these systems.
Priority 1: Even though the test system for inter-band CA will increase a complexity, it will not force a revisit of Rel-15 test requirements (i.e. single carrier test cases) due to the degradation of a dynamic range with the test system. 
Priority 2: The new system configuration has maximum scalability to allow additional bands 
 Outcome of our study on Rx spherical coverage with inter-band DL CA condition is described with roughly three patterns. An order of the introduction expresses also our suggestion.
1) A system with which DL signals are transmitted from slightly offset independent antennas.
2) A system with which DL signals are transmitted from two dual polarized antennas (one band per H or V-polarization antenna and one blocker from one antenna).
3) A system with which DL signals are transmitted from one dual polarized antenna (both bands and a blocker can be sent from the same polarization antenna).
 We introduce our views from next.
Pattern 1-1) A system with which DL signals are transmitted from slightly offset independent antennas. (All bands and blocker signals are transmitted from independent antennas.)
Figure 2.2-1 and 2.2-2 depict system configurations with which each signal per band and blocker are transmitted from slightly offset independent antennas. Whether both of the system configurations in Figure 2.2-1 and 2.2-2 are needed or not depends on the feasibility of transmitted power calibration from the offset antenna (in figure 2.2-1, Band 2 port), in other words a simultaneous spherical coverage measurement with two bands is feasible or not. If the system does not have a feasibility of transmitting a calibrated output power from the offset antenna, then this port acts as an anchor and the spherical coverage test for two bands needs to be run sequentially.   
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Figure 2.2-1: Rx spherical coverage test system for inter-band DL CA with independent antennas (1)

Figure 2.2-2: Rx spherical coverage test system for inter-band DL CA with independent antennas (2)
 Anyway this configuration has a benefit and possibility of avoiding an additional drawback to each antenna port. And we think there are also a backward compatibility and a scalability against a future modification.
Pros and cons with this test system are summarized in table 2.2-1.
Table 2.2-1: Analysis of test system with independent antennas
	Pros
	Less additional signal power losses from TE compared to the systems combining all signals. (-> Less testability issue and measurement uncertainty issue.)
Enable to keep a compatibility with the existing requirements for single carrier.
Possible to measure simultaneously with two bands. (If the power calibration is feasible.)
Allow a wider scalability against a future modification.

	Cons
	DL signals are not transmitted from a completely same angle of arrival. (May need an extra power calibration.)
Concern of sequential measurement (in a case if the power calibration is not feasible).



Pattern 1-2) A system with which DL signals are transmitted from slightly offset independent antennas. (One DL signal and blocker signal are combined and transmitted from one offset antenna.)
 Figure 2.2-3 and 2.2-4 are similar to the configurations above (Figure 2.2-1 and 2.2-2) and still can be categorized in pattern 1. This system configuration can still keep the backward compatibility. But since one DL signal and blocker are combined, there is a concern that the simultaneous spherical coverage measurement might not be feasible.


Figure 2.2-3: Rx spherical coverage test system for inter-band DL CA with independent antennas (3)


Figure 2.2-4: Rx spherical coverage test system for inter-band DL CA with independent antennas (4)
Table 2.2-2: Analysis of test system with independent antennas
	Pros
	Less additional signal power losses from TE compared to the systems combining all signals. (-> Less testability issue and measurement uncertainty issue.)
Slightly higher concern of calibration issue compared to systems in Figure 2.2-1 and 2.2-2.
Enable to keep a compatibility with the existing requirements for single carrier.
Possible to measure simultaneously with two bands. (If the power calibration is feasible.) 
Allow a wider scalability against a future modification.

	Cons
	DL signals are not transmitted from a completely same angle of arrival. (May need an extra power calibration.)
Concern of less DL transmission power from the offset antenna.
Concern of sequential measurement (in a case if the power calibration is not feasible).



Pattern 2) A system with which DL signals are transmitted from two dual polarized antennas (one band per H or V-polarization antenna, and one blocker from one antenna ).
 Figure 2.2-5 depicts a system with which DL signals are transmitted from a dual polarized antenna by using one DL signal (band) per polarization antenna. In addition to the pattern 1 configuration, this system has a benefit that both of DL signals can be transmitted from same angle of arrival. However at the same time, this system has a limitation in number of DL signals (up to 2) which can avoid signal power loss due to a restriction of an antenna structure. Also this system cannot test spherical coverage measurement with the same DL polarization direction between two bands simultaneously. 

Figure 2.2-5: Rx spherical coverage test system for inter-band DL CA with two dual polarized antennas
Table 2.2-3: Analysis of test system with two dual polarization antennas
	Pros
	Less additional signal power losses from TE compared to the systems combining all signals. (-> Less testability issue and measurement uncertainty issue.)
DL signals can be transmitted from a completely same angle of arrival. 
Enable to keep a compatibility with the existing requirements for single carrier.
Possible to measure simultaneously with two bands. 

	Cons
	Limitation of polarizations to transmit DL signals simultaneously. (One DL signal per polarization antenna. E.g. 28 GHz to V-pol, and 39 GHz to H-pol.)
Limitation of number of DL signals (up to 2) which can avoid signal power loss.
Anyway the blocker signal needs to be transmitted from an offset antenna. (Same as pattern 1)



Pattern 3) A system with which DL signals are transmitted from one dual polarized antenna (both bands and a blocker signal can be sent from the same polarization antenna)
  Figure 2.2-6 depicts a system with which both DL signals and a blocker signal are transmitted from one dual polarized antenna. This system configuration provides a single AoA spherical coverage measurement. However it has a significant drawback of the signal power and also the scalability of the system against the future modification. Thus this configuration is not practical especially for inter-band CA test cases.


Figure 2.2-6: Rx spherical coverage test system for inter-band DL CA with one dual polarized antenna
Table 2.2-4: Analysis of test system with one dual polarization antenna
	Pros
	DL signals and blocker signal can be transmitted from a completely same angle of arrival. 

	Cons
	Significant power loss due to the combiner (approximately 8 to 10 dB) which will force us to separate the test system from a single carrier.
Expectation of bigger testability issue due to less dynamic range of the TE. 
Less scalability against the future modification.



 With all considerations above, we highly suggest that we allow a use of additional offset antennas for measurement of both UL/DL signals and blocker signals in all TRx test cases. This will bring us a lot of benefits from a testability point of view and also the system cost point of view.
Proposal 2: Allow a use 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 views on one of the objectives in the study item for inter-band CA test and also showed possible system configurations.
Observation 1: Test system needs to be designed flexible as much as possible to avoid adding an impact on the existing (Rel-15) and future requirements. Otherwise even the existing core requirements and test requirements will have to be revisited by adding multiple CA test cases. 
Proposal 1: Figure out possible necessary requirements in Release 16 which are related to FR2 inter band CA.
Proposal 2: Allow a use 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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