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1.
Introduction
RAN4 has been working on an objective to conclude requirements for FR2 inter-band CA [1] and in this discussion two families of implementations have been identified [2] distinguishable by between which bands groups CA is configured. One family implements independent beam management for both bands part of inter-band CA configuration and the other family assumes common beam management. It is our view that requirements for UE between these families differs notably and there potentially complications in gNB side too. This paper discusses issues 
2. 
Discussion
2.1 
Beam management

Inter-band CA without independent beam management capability concerns a family of band combinations where frequencies of the bands are close, adjacent or overlapping each other. This is a limitation in UE design since having independent beam management on both bands and satisfying meaningful common spherical coverage area requirement would mean UE would need to implement two modules facing same direction to support this feature. 

Observation 1: Simultaneous independent beam management on both low bands would mean UE will need two modules with same or similar boresight direction covering almost same frequency. 

There were concerns presented last e-meeting mostly by one company that L+L interband CA deployment maybe non-co-located and therefore RAN4 should not agree that specific band combinations are assumed not to have independent beamforming. This is fair concern and non-co-located deployment can be considered in discussion but RAN4 does not normally specify deployment scenarios but mostly focuses on UE requirements. Beam management operation becomes essential in spherical coverage requirements and we have agreed that testing happens from single AoA [2]. Even if the UE would have independent beam management, it would be difficult to distinguish by RF requirements if UE has independent beam management in both bands. 
Observation 2: With currently agreed assumptions, tests for RF requirements will not be able to distinguish between UE’s with and without independent beam management

Some tests may be developed in RRM phase of the WI but right now we do not have good visibility what those might be and they are typically with higher power level so UE with good performance may still meet those relying on sidelobes. 
2.2
PSD difference for bands that do not have independent beam management

WF [2] has an agreement that : ”PSD difference up to TBD dB between 28GHz and 39GHz shall be considered in the conformance test configuration and [equal] PSD among 28+28 and 39+39 band groups”. Similarly to beam management assumption, this is for conformance test conditions so discussion about deployments should be left out. UE implementation with the agreements made assume there is no PSD difference between the bands. The signals will go through the same receiver chains and PSD imbalance will show as additional aggressor for the other which put new requirements to the UE. However perfectly equal maybe difficult to guarantee since reference sensitivity maybe different for bands and UE may not support the same channel BW’s for both of the bands. 

Observation 3:  UE without independent beam management can not support PSD difference greater than the difference implied by the existing single carrier requirements.  
2.3
MRTD


To our surprise, WF [2] also has MRTD agreements even it was commented by some companies that RF agenda shall not discuss RRM details. Since signals go through same receiver, the gain changes impact both chains. If timing is not the same, reception in a band is impacted by the changes in the other band. For bands without independent beam management, the MRTD should be very small and to avoid defining new numbers, the same value as intra-band CA should be used. 

Observation 4: UE without independent beam management can not support MRTD greater than one with ½ CP. 
2.4
UE’s with and without independent beam management

To address this concern on proposal that for inter-band CA between same band groups [2] specification would assume that UE has no independent beam management for both bands, it maybe meaningful to define a capability to distinguish between UE’s that have independent beam management regardless of AoA and UE’s that are limited to re-using the same beam between the bands when AoA is same or close. 

Proposal 1: Define a new capability to distinguish between implementations which assume that some band configurations have no independent beam management

With this capability, RAN4 can define requirement for both types of UE’s for each band pair. To cover sufficiently the concerns we presented in the observations in preceding sub-sections, we propose how to handle the requirements for UE’s without the independent beam management.

Proposal 2: UE’s that declare capability for same beam management between bands, the requirements for that band pair are same as intra-band CA. 

2.5
    Potential network side problems with UE’s with independent beam management
If UE can only follow beam management from one band but the TRPx of other band is not perfectly co-located, it may be difficult for the network to ensure same timing and PSD of incoming signals for this UE. This issue is shown in Figure 1. Infra vendors have expressed that BS TAE remains and with non-co-located deployment this would mean at least 4 usec MRTD and in practice non-controlled PSD. This is with existing assumptions. On the otherhand, only way to implement L+L according to proposal 2 is to ensure small MRTD and equal PSD. 

Observation 5:  RAN4 is in a deadlock for defining requirements for inter-band CA where UE declares it is unable to implement independent beam management 
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  Figure 1. Conceptual diagram of non-co-located network components and UE with common beam management

This deadlock was obvious already in previous RAN4 meeting and we made the proposal to separate the work for independent beam management and same beam management but proposals were not acceptable and same proposal in plenary were ignored. It is strange since no configurations have been requested [8] for configurations withing same band group. 
To solve this deadlock, we propose that new features will be developed to network to ensure UE operation in intra-band CA for configurations with same beam management. 
Proposal 3: New interface between base stations is developed that 

A) Enables UE location sharing between FR2 base stations

B) A is used for beam management purposes with the target to ensure same PSD between signals at the UE and

C) To ensures MRTD is within intra band limits at the UE

In order to progress the work we also propose

Proposal 4: RAN4 to send LS to RAN3 with the above information and request RAN3 works on enabling this

Proposal 5: RAN3 is added as secondary WG to this WI 

Conclusion
We discussed challenges for inter-band CA and made the following observations 
Observation 1: Simultaneous independent beam management on both low bands would mean UE will need two modules with same or similar boresight direction covering almost same frequency. 
Observation 2: With currently agreed assumptions, tests for RF requirements will not be able to distinguish between UE’s with and without independent beam management
Observation 3:  UE without independent beam management can not support PSD difference greater than the difference implied by the existing single carrier requirements.  

Observation 4: UE without independent beam management can not support MRTD greater than one with ½ CP. 
Observation 5:  RAN4 is in a deadlock for defining requirements for inter-band CA where UE declares it is unable to implement independent beam management 
To solve and progress the work, we made the following proposals

Proposal 1: Define a new capability to distinguish between implementations which assume that some band configurations have no independent beam management

Proposal 2: UE’s that declare capability for same beam management between bands, the requirements for that band pair are same as intra-band CA. 

Proposal 3: New interface between base stations is developed that 

A) Enables UE location sharing between FR2 base stations

B) A is used for beam management purposes with the target to ensure same PSD between signals at the UE and

Proposal 4: RAN4 to send LS to RAN3 with the above information and request RAN3 works on enabling this

Proposal 5: RAN3 is added as secondary WG to this WI 
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