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1.	Introduction
In RAN4#92-Bis progress was made for FR2 inter-band CA. WF [5] was agreed with two issues: details on the scope of WI and spherical coverage assumptions for the UE. WF agreements are copied in the Appendix. In this paper we discuss how to move forward with defining spherical coverage requirements based on agreements.   
2. 	Discussion
2.1	General
WF agreement left two alternatives for spherical coverage requirement:
Defining spherical coverage requirement for inter-band CA.
Alt.1: The UE shall meet the inter-band CA spherical coverage requirement simultaneously on 28 GHz and 39 GHz, the common spherical coverage range between the two bands shall be 50% for power class 3 UE.
Alt. 2:  The UE shall meet the inter-band CA spherical coverage requirement per band. 
The interpretation of the two alternatives is as follows
2.2	Discussion on Alt 1
This alternative implies the UE must be able to concurrently operate on same direction for both bands and meet set requirement for spherical coverage on 50 %-tile of directions for both bands simultaneously. This will ensure UE has sufficient support for co-located deployment since it is able to receive with defined performance from same directions concurrently. 
Observation 1: Alt 1 ensured support for co-located deployment
Test procedure for this would be such that for every direction, EIS would be tested from both bands at the same AoA and then both EIS results and its AoA recorded. There must be a 50 % of the AoA where UE meets EIS spherical coverage for both bands. Test setup changes needed for this is to add dual band concurrent operation capability for the test antenna, either by single dual band horn or two as co-located as possible horns.  
Observation 2: Test setup changes for Alt1 are small. 
WF also says Rel-15 is set as baseline. Using values as such from Rel-15 might not work since that would imply the 50 % of the spatial angles where UE meets EIS spherical coverage requirement are the same. It is likely even when one antenna module support both bands in inter-band ca configuration that the angles are slightly different. Therefore, to derive a suitable requirement, the spherical coverage requirement in inter-band CA should be relaxed by x dB. Figure 1 depicts this method.

Figure 1 Principle of deriving spherical coverage for inter-band ca operation
Figure 1 (a) and (b) show the Rel-15 baseline assumption, UE meets spherical coverage for 50 % -tile with EIS better than a certain dBm value (X and Y) as specified in Table 6.2.1.3-3 of TS 38.101-2. Figure 1 (c) shows that if the directions where UE meets spherical coverage are even slightly different for the two bands, the intersection will be less than 50 %.
Figure 1 (a’) and (b’) show that if requirement is relaxed by x’ and y’ the area increases for each band and Figure 1 (c’) shows that with those relaxed dBm values, 50 % area can be found. 
[bookmark: _GoBack]We looked at an implementation that is sized perfectly to meet for 3GPP specifications without margin. Simulation showed that the spherical coverage area indeed increases when dBm value for the spherical coverage is relaxed. The Figure 2 (a) shows the areas where UE meets spherical coverage requirement and Figure 2 (b) shows the intersection.
 
Figure 2. (a) shows area where EIS is below spherical coverage requirement. -70.1 dBm for n260 yellow and -74.4 dBm for n258 light blue. Dark blue is where EIS fails for both. (b) in yellow shows the intersection n260 and n258 where both meet their individual spherical coverage requirements. 
In Figure 2, the yellow in (b) is smaller than yellow or light blue in (a) which proves the concept in Figure 1.    
Form here, open item issue is how to get the numbers x’ and y’.

A plot summarising the performance is shown in Figure 3 (a). Looking into intersection of concurrent spherical coverage with relaxed dBm value is shown in Figure 3 (b). The result shows that 1.5 dB relaxation for both bands for spherical coverage is sufficient to yield 50 % intersection for both band pairs, n258+n260 and n261+n260.  
 
Figure 3. Results from spherical coverage simulation for inter-band ca. (a) relaxation for each band needed to increase the spherical coverage %-tile. (b) achieved intersection of concurrent spherical coverage as a function of equal relaxation to the spherical coverage requirement for both bands
Observation 3: Relaxing spherical coverage for individual bands enables concurrent 50 % spherical area
2.3	Discussion on Alt2
The Alt2 in the WF implies that for both bands, there would be independent spherical coverage for each band when configured and activated for inter-band ca. WF does not specify how large so that needs to be discussed. This method is more relaxed for the UE since UE can decide by implementation if it supports co-located or non-co-located deployment or both and no test results would reveal which one it supports. 
Observation 4: Alt2 is more relaxed way to specify inter-band CA spherical coverage and it does not ensure co-located or non-co-located deployment support
Test procedure for Alt2 would be such that both bands would be configured, and communications established. The band A would be connected to the main antenna and RF performance would be tested. During the testing of the band A, the band B would be connected to link antenna and only link is maintained. Depending on the requirements for the link antenna, the power at the UE for band B may or may not be controlled and this is potentially a problem given the agreements about the power different in [3]. 
Observation 5: With Alt2, the power imbalance between bands in EIS spherical test would potentially be uncontrollable
As a summary, we propose to adopt the Alt1 from the WF [5]
Proposal 1: Alt1 from WF [5] and according to section 2.1 is adopted as method for spherical coverage requirement for inter-band CA. Intersection of spherical coverage is 50 % of the sphere and values for EIS for 50th %-tile are FFS   
2.4	Peak EIRP for concurrent operation
 With method Alt2, there is a question about how to define peak EIRP’s for both bands. Our view is not to define peak EIRP requirement for inter-band CA for concurrent operation.
Proposal 2: No peak EIRP requirement will be defined for concurrent operation for two bands in inter-band CA 

Conclusion
We discussed two alternatives from WF [5] and made the following observations for Alt1:
Observation 1: Alt 1 ensured support for co-located deployment
Observation 2: Test setup changes for Alt1 are small. 
Observation 3: Relaxing spherical coverage for individual bands enables concurrent 50 % spherical area
For Alt2 we observed the following
Observation 4: Alt2 is more relaxed way to specify inter-band CA spherical coverage and it does not ensure co-located or non-co-located deployment support
Observation 5: With Alt2, the power imbalance between bands in EIS spherical test would potentially be uncontrollable
We made the following two proposals 
Proposal 1: Alt1 from WF [5] and according to section 2.1 is adopted as method for spherical coverage requirement for inter-band CA. Intersection of spherical coverage is 50 % of the sphere and values for EIS for 50th %-tile are FFS   
Proposal 2: No peak EIRP requirement will be defined for concurrent operation for two bands in inter-band CA 
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Appedix
WF [5] agreements:
· The number of bands is assumed to be two for the inter-band CA WI, and the intra-band CA+ inter-band CA is also included in the scope of inter-band CA WI .
· UE is assumed to be feasible to have independent beam management for the bands that are part of supported band configuration in inter-band CA for 28 GHz + 39 GHz combinations.
· “28GHz” stands for a band group includes n257, n258, n261
· “39GHz” stands for a band group includes n259, n260

·  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.

· Defining spherical coverage requirement for inter-band CA.
· Alt.1: The UE shall meet the inter-band CA spherical coverage requirement simultaneously on 28 GHz and 39 GHz, the common spherical coverage range between the two bands shall be 50% for power class 3 UE.
· Alt. 2:  The UE shall meet the inter-band CA spherical coverage requirement per band. 
· Rel-15 spherical coverage requirement will be taken as baseline.
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