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1.
Introduction
New WID for FR2 enhancements was approved and it contains objective for “FR2 UE requirements for inter-band DL CA”. In this paper we discuss aspects that are unique to FR2 inter-band CA and propose to narrow down some options to simplify the requirement work.  
2. 
Discussion
WI also includes inter-band CA for UL but there are some fundamental issues RAN4 needs to discuss for any inter-band CA we are concentrating on DL inter-band CA in this paper. Later, same conclusions maybe re-used for UL.   

In the context of inter-band CA in FR1, reference architecture is discussed when certain requirements derived for each configuration. The number of antenna connectors is typically one but there are also other architectures presented with more than one antenna connector. The choice of single antenna usually represent worst case since it requires conducted combining of the two bands. Combiners or diplexers have finite isolation and present signal path loss. Similarly, in FR2 RAN4 needs to discuss what kind of reference architecture in terms of number of antennas should be adopted for requirement derivation. 
One of the key requirements for inter-band CA on FR2 is the spherical coverage since it represents UE’s ability for concurrent operation in spatial domain on two bands. The union of spherical coverage capability is when UE meets spherical coverage requirement towards same angle of arrival (AoA) for both bands. The impact to this union by the choice of antenna architecture is described in the cartoon on Figure 1.
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Figure 1. Conceptual drawing for inter-band CA spherical coverage when different bands are supported by different modules 
Figure 1 describes the situation when band A is supported by module 1 and band B is supported by module 2 in concurrent operation. For the purpose of this paper we shall call this type 2 UE. Union depicted in yellow is where spherical coverages intersect. In this cartoon, area of union is smaller than module 1 or module 2 alone for bands A and B. This is expected to be the case for real implementation. Small or non-existent union implies that the network deployment must be non-co-located; or for co-located deployments this UE relies on reflections for establishing the link to both base stations simultaneously.
Observation 1: If UE can not support both bands on same module, co-located deployment will have limitted performance

Additional problem with two antenna approach, or Type 2 UE, emerges from testability aspects. Currently RF conformance test setup supports only one angle of arrival and adding support for additional concurrent band requires only addition of an additional link antenna for this test setup. If RAN4 assumes that different bands are supported by different modules and allows for small union of spherical coverage, two angle of arrival RF test setup is needed and the scope of testability SI [2] needs to be extended by this objective. Existing RRM 2-AoA setup has a limitation in terms of AoA’s since it is not meant for angular characterization but merely ensuring UE functionality from two AoA’s. Creating two AoA RF characterization setup would mean inter-band CA as a testable feature would be postponed to Rel-17 timeframe.  
Observation 2: If spherical coverage of the two modules on different bands on concurrent operation need to be tested, new test setup definition is needed
Assuming only non-co-located deployments for FR2 inter-band CA may not be a good choice, and neither is excluding ability to establish concurrent line of sight connection. Alternative to the two-module reference design is the concept where each module can support concurrent operation in both bands, we shall call this type of UE here as Type 1. In this case the union of spherical coverage is same as that of the band that has smaller spherical coverage. Figure 2 shows the spherical coverage for this concept.  
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Figure 2. Conceptual drawing for inter-band CA spherical coverage when different bands are supported by all modules concurrently
Figure 2 shows conceptually that the spherical coverage is good for the UE that can freely utilise same modules for any band that is part of supported inter-band CA configuration, Type 1 UE therefore is superior in field performance and is easier to test.
Observation 3: UE which can support all bands on same module is superior in performance and enables easier requirement derivation 

If we also assume that UE can pick a beam from any module for any of the bands at any given orientation regardless how the other band is configured, this concept also enables non-co-located deployments. However, that should be considered as extended Type 1 UE and being able to freely pick beams from any module may not be needed if only co-located deployments are assumed. RAN4 should focus on only co-located deployments in the first phase.
To enable and ensure success of the inter-band CA in FR2, we propose that type 1 is taken as reference architecture for RAN4 work. 

Proposal: For FR2 inter-band CA, requirement derivation assumes co-located deployment and UE is assumed to be capable for communications on the same direction on both bands 
This agreement will narrow down options and simplify discussion and more importantly testability SI [2] does not need to address 2 AoA RF test system. What and how requirements are derived is left for discussion on future meetings.  
Conclusion
We discussed reference architecture for FR2 inter-band CA and concluded that there are benefits in mandating UE to support concurrent operation in all bands that are part of supported CA configuration with all modules in the UE. The benefit being support for co-located and non-co-located deployments. We made the following proposal:  
Proposal: For FR2 inter-band CA, requirement derivation assumes co-located deployment and UE is assumed to be capable for communications on the same direction on both bands 

And further concluded that this proposal limits the scope of testability SI [2]. 
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