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1.	Introduction
In RAN4#94-Bis-e a WF [1] was agreed with open items for how to distinguish IBM and CBM band pairs and PSD difference value for IBM pair for spherical coverage and peak EIS. WF did not agree any requirements for CBM band pairs. This paper discusses open items from the WF and other open issues for FR2 inter-band CA requirements. 
2. 	Discussion
2.1	PSD difference
WF agreed that for both peak EIS and spherical coverage requirements the PSD difference is between 6.5 and 30 dB for IBM band pairs. Ran4 discussed a dedicated test for PSD difference tolerance for the UE but conclusion was that not many companies were in favour of that [6]. The context of UE PSD imbalance should be discussed how to define peak EIS test and spherical coverage tests. 
The limitation in UE comes from PSD imbalance tolerance at the LNA and further in the receiver chain. The beam forming provides some isolation, but it is difficult to know how much while UE is being tested or while UE is operating in network. The issue is illustrated in Figure 1. 
In Figure 1, the two bands, each have five distinct beams of which UE beam management picks the best one to each AoA. For band A, the beam is number 1 and for band B it is the beam number 4. If we assume the bands have the same peak EIS performance and beam 4 has lower gain than beam 1, then if PSD difference is set to 0 dB the band B would not be able to maintain connection due to lower antenna gain in this direction.  In this case, to be able to maintain the connection with band B when spherical coverage is being tested for band A, the PSD difference should be set in either of the following ways:
A) Set the band B PSD higher than band A by the amount of difference of band A peak EIS and band B spherical coverage requirement for inter-band CA. This ensures the connection is maintained everywhere where within the common spherical coverage area where UE is required to meet spherical coverage dBm + ΔRI,B
B) Test both bands simultaneously and set the power level for both bands with the sensitivity criteria i.e. through put 95 % of the max. This ensures the PSD difference at the conducted domain is minimised 
For case, B the PSD difference between the arrived signals is unknown and depends on UE performance but this ensures the UE performance is un impacted by the presence of the other band. The numerical value can not be defined. 
For case A, the value can be calculated for each band pair separately and therefore it should be band pair dependent value but before RAN4 has agreed the relaxations for spherical coverage, it remains unknown.   

Figure 1. Different antenna gains to different directions in inter-band CA configuration
To conclude and allow focus on other issues, we propose we adopt the method A for defining the requirements. An example wording for how to define UE requirement is shown and also the relevant part is pasted below with a minor amendmend (in red):
“The inter-band CA requirement applies with common AoA for all active component carriers. The requirement on each component carrier applies when the power in the component carriers in the other band correspond to its respective EIS spherical coverage requirement levels for single carrier with relaxation for inter-band ca for that AoA and test condition.”
Proposal 1: Define PSD difference for IBM band pair in such way that for peak EIS and spherical coverage test, the untested band is set to link condition with the power level corresponding to spherical coverage requirement for inter-band CA case.  
2.2	IBM Spherical coverage
Spherical coverage was not agreed in WF yet there seemed to be a good consensus on the: “Option 2: requirement on solid angle described by directions that simultaneously meet spherical coverage for both bands, per WF R4-1916024”
This method was described in [5] and already once reached agreement in [5] was based on proposal 4 from [8]. In short, the, UE is required to have RF performance to same direction on two bands at the same time. The agreement said that for 50 % of the angles, or directions, UE has defined performance and performance would be defined by having EIS better than an agreed dBm value. This way to set the requirement ensures the UE supports co-located deployment.  Unfortunately, there is no means by RF requirements to ensure UE supports non-co-located deployment until two AoA testing becomes possible. The specification language we propose in [7] to define this requirement is below 
“The inter-band CA spherical coverage requirement will be satisfied if the intersection set of spherical coverage areas exceeds the requirement. Intersection set of spherical coverage areas is defined as a fraction of area of full sphere measured around the UE where both bands meet their defined individual inter-band CA EIS spherical coverage requirement.” 
It should be noted that solid angle means angle in 3D. The wording “fraction of area of full sphere measured around the UE” means that part of the surface area and following “where both bands meet their EIS spherical coverage requirement means the grid points where both bands have equal or better performance than the agreed dBm value for inter-band CA spherical coverage value for each band. 
Proposal 2: For IBM band pairs, keep the agreement on how to define spherical coverage requirement for inter-band CA with the spec language:
“The inter-band CA spherical coverage requirement will be satisfied if the intersection set of spherical coverage areas exceeds the requirement. Intersection set of spherical coverage areas is defined as a fraction of area of full sphere measured around the UE where both bands meet their defined individual inter-band CA EIS spherical coverage requirement.” 
  
2.2	CBM Spherical coverage and PSD imbalance
The CBM case spherical coverage is more problematic than IBM case. With the agreement in [4] of equal PSD between CC’s on different bands the testing would need to be done with the option B as described in section 2.1. The option A is not possible since the PSD of the not tested band would be much higher than the tested band. In addition, if ran4 concludes that the beam squint causes a performance degradation then that needs to relax requirements on both of the bands and increase the PSD difference even further in option A test method. Option B is possible but to accommodate the beam squint issue for all possible beams within the 50 % of the solid angle of arrivals, the relaxation value is likely to be very high and since the UE really does not need the relaxation for the CC with beam management reference signals but the relaxation is applied to all CC’s only to maintain equal PSD, the test is close to meaningless. 
The treatment of CBM band pairs in terms of requirements should be same as intra-band CA. For intra-band CA there is no spherical coverage requirement. It may be better to pursue on defining the peak EIS requirement for CBM band pair as agreed in [4] and not try to define spherical coverage requirement for CBM. 
Proposal 3: For CBM band pairs, no spherical coverage requirement will be defined. 
2.3 	CBM REFSENS requirement
The peak EIS requirement for CBM band pair is a one way to guarantee that there is a way to test other requirements for CBM band pairs. The agreement for peak EIS in [4] says:
 “The UE shall meet the Peak EIS requirements per band for FR2 DL CA, and they are not required based on common coverage range between two bands; The relaxation framework and values are FFS”
Our view is that the agreement was made for IBM. For CBM band pair, intuitive conclusion is that if the beams are the same for both bands, the peak EIS AoA’s are very close. However, if UE implements two modules facing different directions and the best performance for each band is not in the same module, then peak EIS direction maybe completely different. A new way to look at the peak EIS is needed to establish at least some kind of testable RF requirement for CBM.   
Even the peak EIS for both bands maybe in a different direction, CBM UE has some performance to the same direction. Otherwise it would not be common beam management implementation. The requirement can be written so that for the direction of the peak EIS of the band A, UE will meet peak EIS of band B with some relaxation and also the other way around. A possible specification language could be 
“For inter-band CA with CBM band pair, peak EIS (REFSENS) requirement in each band is relaxed by ΔRI,B. UE shall meet peak EIS requirement for inter-band CA with same AoA on both bands simultaneously. Peak EIS AoA for inter-band CA is the same as peak EIS AoA for single band peak EIS and for inter-band CA, the peak EIS is verified for both bands AoA’s”  
This would be in addition to what we are proposing in [7] for IBM band pairs. 
Proposal 4: For CBM band pairs, UE shall meet peak EIS requirement for both bands at the same time from same angle of arrival.  
2.3	How to distinguish IBM and CBM band pairs	
The most streamlined method is to define IBM and CBM band pairs in to the specification. This provides least complexity since only one type of UEs are in the network. However, the discussion in RAN4 has revealed that not all companies think that for example for n257+n258 band pair the CBM is the only implementation and therefore it maybe better to define a capability. 
Proposal 5: Define new UE capability to distinguish IBM and CBM band pairs. 

Conclusion
We discussed open items in inter-band CA for FR2 work and made the following proposals. 
Proposal 1: Define PSD difference for IBM band pair in such way that for peak EIS and spherical coverage test, the untested band is set to link condition with the power level corresponding to spherical coverage requirement for inter-band CA case.  
Proposal 2: For IBM band pairs, keep the agreement on how to define spherical coverage requirement for inter-band CA with the spec language:
“The inter-band CA spherical coverage requirement will be satisfied if the intersection set of spherical coverage areas exceeds the requirement. Intersection set of spherical coverage areas is defined as a fraction of area of full sphere measured around the UE where both bands meet their defined individual inter-band CA EIS spherical coverage requirement.” 
Proposal 3: For CBM band pairs, no spherical coverage requirement will be defined. 
Proposal 4: For CBM band pairs, UE shall meet peak EIS requirement for both bands at the same time from same angle of arrival.  
Proposal 5: Define new UE capability to distinguish IBM and CBM band pairs. 
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