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Introduction
During the last RAN4 meetings discussions on inter-band DL CA in FR2 have taken place. In this paper we share our views on the test setup for inter-band CA in FR2 and further discuss different concepts presented so far.
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Single Antenna System
When FR2 inter-band DL CA was discussed during RAN4#92bis, a WF [1] on this topic was agreed. As part of the WF following agreement was made:
•     Spherical coverage requirements for inter-band CA are tested from single AoA for Rel-16 if the following testability solution can be provided.
· Testability SI will study the TE capability of transmitting 28 GHz + 39 GHz from same direction simultaneously.
In our view, as already discussed in [2], providing DL signals for 2 separate FR2 bands in a CA configuration to the UE from a single direction (e.g. IFF system with 1AoA) is feasible for the currently discussed frequency bands (bands n257 to n261) and does not present a significant challenge to the test equipment.
Observation 1: Providing DL signals from the same AoA inter-band CA in FR2 with 2 bands is feasible for the current frequency bands.
In [3,4] several points were brought up, why this implementation is challenging and other implementations, like the usage of offset antennas should be considered.
In observation from [4] the following is observed:
Observation 1: It is not possible for the system simulator to create multiple DL signals simultaneously which are not within a range of approx. 1 GHz by single DAC.
This statement is mostly correct as can be seen from the table below which shows the maximum modulations bandwidths for 5G FR2 system simulators from several TE vendors.
	
	Vendor A
	Vendor B
	Vendor C

	Modulation Bandwidth
	1 GHz
	1 GHz
	0.8 – 1.4 GHz


Table 2.1‑1 Maximum Modulation Bandwidth for System Simulators
However this issue described in [4] is not specific to inter-band DL CA. Already for Rel-15 intra-band CA configurations, there is a need for bandwidths larger than the ones in the table above, as can be seen in the Rel-15 CA configurations below. 
Table 5.3A.4-1: CA bandwidth classes
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ 400 MHz
	1
	 1,2,3,4

	B
	400 MHz < BWChannel_CA ≤ 800 MHz
	2
	1

	C
	800 MHz < BWChannel_CA ≤ 1200 MHz
	3
	

	D
	200 MHz < BWChannel_CA ≤ 400 MHz
	2
	2

	E
	400 MHz < BWChannel_CA ≤ 600 MHz
	3
	

	F
	600 MHz < BWChannel_CA ≤ 800 MHz
	4
	

	G
	100 MHz < BWChannel_CA ≤ 200 MHz
	2
	3

	H
	200 MHz < BWChannel_CA ≤ 300 MHz
	3
	

	I
	300 MHz < BWChannel_CA ≤ 400 MHz
	4
	

	J
	400 MHz < BWChannel_CA ≤ 500 MHz
	5
	

	K
	500 MHz < BWChannel_CA ≤ 600 MHz
	6
	

	L
	600 MHz < BWChannel_CA ≤ 700 MHz
	7
	

	M
	700 MHz < BWChannel_CA ≤ 800 MHz
	8
	

	O
	100 MHz ≤ BWChannel_CA ≤ 200 MHz
	2
	4

	P
	150 MHz ≤ BWChannel_CA ≤ 300 MHz 
	3
	

	Q
	200 MHz ≤ BWChannel_CA ≤ 400 MHz 
	4
	

	NOTE 1:	Maximum supported component carrier bandwidths for fallback groups 1, 2, 3 and 4 are 400 MHz, 200 MHz, 100 MHz and 100 MHz respectively except for CA bandwidth class A.
NOTE 2:	It is mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration that belong to a different fallback group.



Table 5.3A.4-2: Frequency separation classes for non-contiguous intra-band operation
	Frequency separation class
	Frequency separation (Fs) 

	I
	Fs ≤ 800 MHz

	II
	Fs ≤ 1200 MHz

	III
	Fs ≤ 1400 MHz



In our understanding, test systems designed for Rel-15 and discussed in RAN4 and RAN5 already need to take into account these bandwidths, so that providing larger bandwidths from 1 AoA is not a new challenge.
Observation 2: Already in Rel-15 intra-band CA configurations with bandwidth larger than 1 GHz exist and need to be supported in the test system.
From our point of view the test system uncertainties discussed by RAN5 take this fact into account and therefore a test system supporting the Rel-16 inter-band CA configurations will have similar restrictions in terms of DL power generation/UL power measurements, thus being able to fulfill all currently discussed RAN5 restrictions. A second restriction besides the power is that all cells coming from the same AoA need to be synchronous and utilize the same UL-DL pattern, but this is also the same as for in-band CA.
Observation 3: A Rel-16 Inter-band DL CA test system from 1AoA can fulfill all of the current Rel-15 requirements.
Observation 4: A Rel-16 Inter-band CA Testability from 1AoA has similar restrictions as for intra-band CA, with regard to powers and timing.
Offset Antenna System
In [3] a new approach utilizing multiple antennas is proposed, however in our understanding this approach has several issues and is not required for covering Rel-16 inter-band DL CA. One of the possible implementations from [3] is shown below.
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Figure 2.2-1: Rx spherical coverage test system for inter-band DL CA with independent antennas (1) from [3]
[image: Figure2]
Figure 2.2-2: Rx spherical coverage test system for inter-band DL CA with independent antennas (2) from [3]
[bookmark: _GoBack]In the following we will discuss the problems of the offset antenna setup with respect to the core requirements, as well as the impact on testability.
First of all, as proposed in [3] for some TCs the interfering signal and wanted signal would be provided from offset antennas. However TS 38.101-2 clause 7.6 [6] requires the following:
“The requirement applies at the RIB when the AoA of the incident wave of the wanted signal and the interfering signal are both from the direction where peak gain is achieved.”
Similarly, as shown earlier for inter-band CA the assumption has been made that the signals are provided from the same AoA. 
This means that the core requirements have been defined under the assumption that the UE actually sees incoming signals from the same direction, which means that the UE under test has the same antenna gain for all signals during the test.
Observation 5: Core requirements are defined under the assumption of the UE utilizing the same antenna gain for all signals coming from 1 AoA.
The usage of offset antennas would violate this core requirement, because the UE would see different power levels (either absolute or relative to each other) for the incoming signals.
Additionally since the actual antenna pattern of the UE under test is unknown and differs from device to device, the actual powers seen by the device will be different and unpredictable, leading to incorrect testing scenarios.
Observation 6: Using offset antennas for interferer and wanted signal or two wanted signals leads to unknown signal conditions at the UE.
From a testability point of view there are some issues as well with utilizing offset antennas. 
As it is shown in [5], the path loss in the setup will increase by several dB depending on the test setup. This leads to further restraints in the link budget of the test system and likely more testability issues. Since the effort of the current SI in RAN4 aims to reduce the testability issues, it seems counterproductive to introduce a test system with a worse link budget. 
Observation 7: Using offset antennas reduces the available link budget, potentially leading to further testability issues.
Additionally the impact of utilizing an offset antenna has not been studied yet with respect to measurement uncertainties. From our point of view it is obvious that new measurement uncertainty terms would need to be introduced and possibly existing ones would need to be reevaluated. RAN5 has already spent a lot of time on studying the MU for the existing test system and it has been mentioned many times that the MU should be reduced in the future. Introducing a mechanism that potentially increases the MU of the test system, does not seem beneficial in this context.
Observation 7: Using offset antennas will increase the MU of the test system.
Summary
As shown above, the introduction of an offset antenna in the test system has in our view several drawbacks, which are unnecessary, since from our point of view the current testing scenarios can be covered without implementing the offset antenna approach, while not having the same issues.
Therefor we propose to not introduce the offset antenna approach for the testing of Rel-15 and Rel-16 requirements.
Proposal: Do not introduce the offset antenna approach for Rel-15 and Rel-16 requirements.
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In this contribution we shared our views on testability aspects for inter-band DL CA in FR2, with the following Observations and proposals.
Observation 1: Providing DL signals from the same AoA inter-band CA in FR2 with 2 bands is feasible for the current frequency bands.
Observation 2: Already in Rel-15 intra-band CA configurations with bandwidth larger than 1 GHz exist and need to be supported in the test system.
Observation 3: A Rel-16 Inter-band DL CA test system from 1AoA can fulfill all of the current Rel-15 requirements.
Observation 4: A Rel-16 Inter-band CA Testability from 1AoA has similar restrictions as for intra-band CA, with regard to powers and timing.
Observation 5: Core requirements are defined under the assumption of the UE utilizing the same antenna gain for all signals coming from 1 AoA.
Observation 6: Using offset antennas for interferer and wanted signal or two wanted signals leads to unknown signal conditions at the UE.
Observation 7: Using offset antennas will increase the MU of the test system.
Proposal: Do not introduce the offset antenna approach for Rel-15 and Rel-16 requirements.
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